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Oral Abstract #1 

Management of Refractory Status Epilepticus: An International COhort Study (MORSE CODe) - 

Outcomes 

Jan Claassen; Wei-Ting Chiu; Vanessa Campozano; Alois Schiefecker; Dannys Rivero Rodriguez; Daniel 

Ferreira; Sinead Zeidan; Yao-Hsien Huang; Kevin Doyle; Amy Headlee; Sara E. Hocker; Chien-Tai Hong; 

Benjamin Rohaut; Sophie Demeret; Pedro Kurtz; Nelson Maldonado; Raimund Helbok; Telmo Fernandez 

Columbia University, New York, NY, United States 

 

Introduction 

The absence of adequately powered randomized clinical trials results in major variability in management 

of patients with refractory status epilepticus (RSE). A PubMed search revealed that published datasets 

mostly consisted of small cohorts collected over a decade ago. We aimed to identify a contemporary 

cohort of RSE patients treated with midazolam(MDZ) or propofol(PRO) infusions. 

Methods 

Investigators from 8 centers agreed to accumulate a retrospective cohort of RSE patients treated 

between 01/2015 and 12/2018. Case-report forms were finalized at the annual NCS conference in 2018. 

RSE was defined as status epilepticus that failed to respond to a benzodiazepine and at least one 

additional non-anesthetic antiepileptic agent, and was managed with MDZ or PRO infusions. 

Demographics, Status-Epilepticus-Severity-Score (STESS), etiology, length of stay, treatment, 

complications, and outcome were collected. 

Results 

354 patients from 6 countries across 4 continents were included. 80% (N=282) of patients had acute 

(14% traumatic brain injury, 11% toxic metabolic, 10% central nervous system infection) and 20% (N=71) 

had remote etiologies of RSE (7% epilepsy, 5% brain tumor, 4% stroke). Acute and remote etiologies 

were equally distributed between MDZ and PRO treated patients. STESS (3.0±0.5 vs. 3.2±1.2;N.S.), 

breakthrough (46% vs. 43%;N.S.) and withdrawal seizures were comparable (27% vs. 28%,N.S.) for MDZ 

and PRO, respectively. MDZ was more frequently associated with vasopressors (62% vs. 51%, OR 

1.22;P=0.048) and was used longer (6±10 vs 4±4 days;P=0.00003). ICU and hospital length of stay (23±25 

vs. 21±23 and 45±71 vs. 35±29 days;all N.S.), discharge mortality (30% vs. 35%;N.S.; 43% died from 

withdrawal of life-sustaining-therapies (WLST)), tracheostomy (42% vs. 43%;N.S.), and modified Ranking 

scale (mRS) were comparable (overall N.S.; 17% vs. 11% with mRS 0-2). 

Conclusions 

Clinical outcomes of RSE patients managed with PRO or MDZ infusion were similar in a large, 

international-multicenter cohort study. Mortality is lower than historically reported and WLST accounts 

for almost half of deaths. 
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Oral Abstract #2 

Phase 2 Open-label Study of Intravenous Ganaxolone for the Treatment of Refractory Status 

Epilepticus 

Henrikas Vaitkevicius; Aatif M. Husain; Christa B. Swisher; Steven Smith; Heather Van Heusen; Julia Tsai; 

Lorianne Masuoka; Maciej Gasior; R. Eugene Ramsay 

Department of Neurology, Boston, MA, United States 

 

Introduction 

Refractory status epilepticus (RSE) refers to patients that fail benzodiazepines and one or more 2nd line 

intravenous antiseizure medication (IV ASM). The progressive diagnosis of super-refractory status 

epilepticus (SRSE), which entails a medically induced coma, is associated with significant medical 

complications including mortality. RSE treatment options that rapidly and durably stop SE and prevent 

progression to SRSE would have a profound benefit over current clinical care.  Ganaxolone (GNX) is a 

synthetic neurosteroid that acts as a positive allosteric modulator of synaptic and extrasynaptic GABAA 

receptors. Here we present Phase 2 open-label, dose-escalation data on intravenous GNX in RSE. 

Methods 

The study aims to evaluate the safety, efficacy and feasibility of IV GNX administration in subjects with 

RSE. Subjects received a continuous infusion of GNX at two daily dose-levels (Cohort-A: 500mg and 

Cohort-B: 714mg) as adjunctive therapy to their existing 2nd line IV AED(s) for up to 4 days. The main 

efficacy measure was SE cessation/seizure relapse based on continuous EEG. 

Results 

All subjects (n=10) attained rapid (within minutes) SE cessation despite failing 1-4 2nd line IV ASMs. In 

Cohort-A (n=5), abnormal EEG activity or seizure relapse was noted ~5-6h into the infusion in four out of 

5 subjects corresponding to when GNX exposure was reduced. Three subjects completed GNX treatment 

and were weaned without seizure relapse whereas two subjects progressed to 3rd line IV anesthetics 

~48th h into the infusion. In Cohort-B (n=5), seizure control was maintained during GNX treatment and 

no subject progressed to 3rd line IV anesthetics. GNX was generally well tolerated and no new safety 

finding emerged. 

Conclusions 

IV GNX achieved rapid seizure cessation with durability of seizure control correlated to drug exposure. 

These data support further development of IV GNX for RSE in a study designed to generate Level I 

evidence which is currently lacking in current treatment guidelines. 
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Oral Abstract #3 

Stroke in Aged Mice Causes Greater Cortical Network Disruption and is Associated with Prolonged 

Disability 

Asher J. Albertson; Eric C. Landsness; Zachary P. Rosenthal; Yan Ping; Michelle J. Tang; Adam Q. Bauer; 

Joseph C. Culver; Jin-Moo Lee 

Washington University School of Medicine, Department of Neurology, St. Louis, MO, United States  

 

Introduction 

Aging is associated with greater stroke risk and diminished stroke recovery. While the effect of aging on 

stroke recovery is well defined, the influence of aging on neuronal network activity and its correlation 

with stroke recovery is poorly understood. To study this, we performed serial whole-cortex imaging of 

spontaneous and evoked neuronal activity before and after stroke in young and aged mice and 

correlated those findings to behavioral outcomes. 

Methods 

Young (2-3m, n=13) and aged (18m, n=13) Thy1-GCaMP6 mice, underwent behavioral assessment and 

imaging before and 1, 7, 12, and 17 weeks after infarct. Infarcts were induced via exposure of 

somatosensory cortex to a laser (25mW,10m) after injection of the photosensitive dye rose bengal. 

Imaging followed placement of Plexiglas windows and consisted of awake (15m) and anesthetized 

sessions (10m) with GCaMP excitation via flashing of a 454nm LED and acquisition via an EMCCD camera 

(16.8hz framerate). Somatosensory activation was via forepaw shock (1mA at 3Hz for 5s x 10 blocks).  

Behavioral response was assessed by quantifying forepaw use during cylinder exploration (5m). 

Results 

Aged and young mice exhibited similar baseline contralateral forepaw use (Aged 31.25±2.88%; Young: 

26.26±2.41%) and evoked somatosensory cort

2.3±0.16 x 10-3).  Whole-brain GCaMP6 flourescence power in delta (1-4Hz) and infraslow (0.02-0.1Hz) 

ranges was significantly (p<0.05) lower at baseline in aged mice.  After stroke, aged mice developed 

greater long-term dependence on the unaffected limb (Wk17: Aged 57.12±5.77%; Young: 37.99±4.73%) 

-3). 

-stroke decrement in whole-brain GCaMP6 fluorescence power was observed in 

aged animals. 

Conclusions 

Stroke in aged mice is associated with a greater decrement in local network activation, global 

mechanisms underlying age-related differences. 
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Oral Abstract #4 

Hyperchloremia, but Not Concomitant Hypernatremia, is an Independent Predictor of Early Mortality 

in Moderate-Severe Traumatic Brain Injury Patients 

Susanne Muehlschlegel; Marcey L. Osgood; Kristen L. Ditch; Julie M. Flahive; Ashley M. West;  Susanne 

Muehlschlegel 

Dept. Neurology, Anesthesia/Critical Care & Surgery, University of Massachusetts Medical School, 

Worcester, MA, United States 

 

Introduction 

Hypernatremia and hyperchloremia is common after moderate-severe traumatic brain injury (msTBI) 

from saline resuscitation, osmotherapy administration, fever with insensible losses, limited free water 

administration, and diabetes insipidus. In isolation, hypernatremia and hyperchloremia are independent 

predictors of mortality in critically-ill patients; but this association has not been studied in msTBI, or in 

combination as physiologically occurring in patients. We examined whether hypernatremia and 

hyperchloremia in combination are independent predictors of in-hospital mortality in msTBI patients. 

Methods 

We retrospectively analyzed prospectively collected data of consecutive msTBI patients enrolled in the 

OPTIMISM-study over a 7-year period. A semi-automated process provided all sodium and chloride 

values from the index hospitalization. Time-weighted-average(TWA)-sodium and chloride representing 

their “burden” over the entire hospitalization were calculated using a published formula. Univariate and 

multivariable logistic regression were applied adjusting for IMPACT-model-variables as validated 

predictors of msTBI mortality, osmotherapy, ICU length-of-stay and ventilatory days. 

Results 

Of 458 patients analyzed, 202 (44%) died. Unadjusted mortality rates had a dose-response relationship 

with increasing sodium and chloride (34% for TWA-sodium 140-150mmol/L and 100% for TWA-sodium 

>160mmol/L; 42% for TWA-chloride 110-115mmol/L and 94% for TWA-chloride >125mmol/L; all 

p<0.0001). Separately, TWA-sodium (per 10mmol/L increase adjusted-OR 4.0;95%CI 2.1-7.5) and TWA-

chloride (per 10mmol/L increase adjusted-OR 3.9;95% CI 2.2-7.1) independently predicted mortality. In 

combination, however, TWA-chloride remained an independent predictor of in-hospital mortality (per 

10mmol/L increase OR 2.9, 95% CI 1.1-7.8), while TWA-sodium did not (C-statistic 0.96; Hosmer-

Lemeshow p<0.0001). 

Conclusions 

To our knowledge, this is the first study to show that when concomitantly adjusting for hyperchloremia 

and hypernatremia burden, only hyperchloremia is independently associated with early mortality in 

msTBI. While not proving cause-and-effect, this suggests that hyperchloremia, and not hypernatremia as 

previously reported, deserves further attention in msTBI.  If validated, this may have treatment 

implications for msTBI patients in the acute care phase. 
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Oral Abstract #5 

Chloride-Lean Hypertonic Solution Reduced Rates of Acute Kidney Injury: Preliminary Results from the 

ACETatE Trial 

Ofer Sadan; Kai Singbartl; Jackie Kraft; J. McONeil Plancher; Alex Greven; Prem Kandiah; Cederic 

Pimentel; CL Hall; Alexander Papangelou; William Asbury; John Hanfelt; Owen Samuels 

Emory University, Neurocritical Care, Atlanta, GA, United States 

 

Introduction 

Hyperosmolar therapy, with hypertonic sodium chloride (NaCl) solution is often used in the treatment of 

cerebral edema and elevated intracranial pressure. Recent reports have demonstrated that in patients 

with subarachnoid hemorrhage (SAH) treated with hypertonic NaCl, hyperchloremia is associated with 

the development of acute kidney injury (AKI). We report a trial which compared two hypertonic 

solutions with different chloride content on the resultant serum chloride concentrations in SAH patients. 

Methods 

A low ChloridE hyperTonic solution for brain Edema (ACETatE), is a single center, double-blinded, 

double-dummy, pilot clinical trial comparing bolus dosing of 23.4% NaCl versus 16.4% NaCl/Na-Acetate 

for the treatment of cerebral edema in patients with SAH. Randomization occurred once patients who 

received hypertonic treatment for cerebral edema and/or elevated intracranial pressure (ICP) developed 

hyperchloremia (serum Cl-  

Results 

group, and 17 to the Hypertonic NaCl/Na-Acetate one. The groups were well balanced in terms of 

severity of the SAH, age, gender and risk factors. Differerences between the serum chloride and sodium 

measurements, assessed from randomization to maximum during the ICU course, were comparable 

between the NaCl and NaCl/Acetate groups (Cl:3.3±6.1 vs. 1.6±3.2, p=0.36; Na:6.5±4.4 vs. 9.1±6.6, 

p=0.18, respectively). NaCl/Acetate had a more prominent effect on immediate post dose sodium 

(increase of 1.4±2.6 vs. 2.2±2.8,p<0.01). The rate of AKI was lower in the Na-Acetate group (53.3% in the 

NaCl group vs. 11.8% in the Na-Acetate group, p=0.01). Hyperchloremia preceded AKI in 61.5% of the 

cases; However, the time interval between hyperchloremia and AKI was only a median of 0.75 days 

(IQR[0.125-2.75]). 

Conclusions 

Intention to treatment analysis demonstrated that treatment with hypertonic NaCl/Na-Acetate 

hypertonic versus standard hypertonic NaCl solution for patients with mild hyperchloremia, resulted in 

less events of A -center trials are needed to corroborate these results. 
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Oral Abstract #6 

Individualizing Cerebral Perfusion Pressure Using The Lower Limit Of Reactivity: A CENTER-TBI High-

Resolution Sub-Study Analysis 

Erta Beqiri;  Frederick Zeiler; Ari Ercole; Manuel Cabeleira; Marcel Aries; Jeanette Tas; Joseph Donnelly; 

Nino Stocchetti; David Menon; Peter J. Hutchinson;  Marek Czosnyka; Peter Smielewski; CENTER-TBI HR 

sub-study participants and investigators 

Department of Physiology and Transplantation, Milan University, Milan, Italy 

 

Introduction 

A retrospective single-center analysis showed the percentage of time (%time) spent with cerebral 

perfusion pressure (CPP) below the PRx-derived lower limit of autoregulation (LLR), to be independently 

positively associated with mortality in traumatic brain injury (TBI) patients. This suggested that targeting 

CPP above LLR, without the necessity of aiming for the optimal value (CPPopt), might be an option for 

the individualized clinical care in TBI patients. We aim to validate an improved, modified for prospective 

use, automated algorithm of calculating LLR and evaluate the association of dose and %time of CPP<LLR 

with dichotomized outcome at 6 months in a large multi-center cohort. 

Methods 

Recordings from 180 patients in the high resolution cohort of the CoLLRborative European NeuroTrauma 

Effectiveness Research in TBI (CENTER-TBI) study were processed with ICM+ to derive LLR (PRx threshold 

0.2), CPPopt and their yield, dose and %time under LLR, above/below CPPopt (+/-5 mmHg) and under 

-U test and logistic 

regression models were used to assess the association with dichotomized Glasgow Outcome Scale 

Extended at 6 months. 

Results 

The yield of LLR/CPPopt was 75% (67-85).  Dose (AUC 0.686, p<0.002) of CPP below LLR was associated 

with worse outcome (p<0.001) and showed higher AUC on univariate regression for dead/alive outcome 

compared to %time with CPP below LLR (AUC 0.637, p=0.01), %time and dose above/below CPPopt 

(AUC 0.552, p=0.44 /AUC 0.567, p=0.21 and AUC 0.651, p=0.02 /AUC 0.521, p=0.66), and %time and 

dose below CPP 60 mmHg (AUC 0.451, p=0.05 and AUC 0.55, p=0.09). 

Conclusions 

Using a multi-center prospective cohort, we have confirmed that the dose of CPP below LLR positively 

investigations into personalized CPP targets in TBI care. 
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Oral Abstract #7 

Validation Of The Mortality in Moderate-Severe TBI plus ICU-Complications (MYSTIC)-Score To Predict 

In-Hospital Mortality In Maximally Treated Moderate-Severe Traumatic Brain Injury Patients Including 

ICU Complications 

Susanne Muehlschlegel; Han Yan Michelle Chang; Julie Flahive; Kelsey Goostrey; Marcey Osgood; 

Raphael Carandang; Wiley Hall; Robert Goldberg 

University of Massachusetts Medical School, Department of Neurology, Worcester, MA, United States 

 

Introduction 

Current outcome models of moderate-severe traumatic brain injury (msTBI) include only admission 

characteristics and lack adjustment for early (<24h) deaths, limitations-of-care, or in-hospital predictors, 

including ICU complications. Using data from the 10-year prospective observational OPTIMISM-study, 

we recently developed a parsimonious multivariable prediction model of maximally treated msTBI 

patients, the MortalitY in Moderate-Severe TBI plus ICU-Complications (MYSTIC)-Score in 380 patients, 

which remains unvalidated. The objective of this study was to validate the MYSTIC-Score. 

Methods 

We initially planned an external validation study but were unable to find a msTBI cohort in which ICU 

complications were reliably collected. Therefore, we performed an internal validation using msTBI 

patients consecutively enrolled in the OPTIMISM-study between 1/2017-5/2019 who were not 

previously included in the MYSTIC-Score derivation study. The MYSTIC-Score variables (age, Marshall-CT-

score, motor Glasgow Coma Scale, pupillary reactivity, pre-admission hypotension, admission traumatic 

SAH or epidural hematoma, and the ICU complications of brain edema, herniation, Systemic-

Inflammatory-Response-Syndrome, sepsis, acute kidney injury, cardiac arrest, and urinary tract 

infection) were collected using pre-defined study criteria. Using the MYSTIC-Score multivariable logistic 

regression model from the original study, receiver-operating-characteristic area-under-the-curve (ROC-

AUC) analysis and Hosmer-Lemeshow Goodness-of-fit testing were performed. 

Results 

In the validation cohort (n=101), the mean age of study patients was 47 (SD=21) years, two thirds were 

men, and 92% were white and 5% black. In-hospital mortality was 39%. The MYSTIC-Score model had a 

ROC-AUC of 0.91 with a Hosmer-Lemeshow Goodness-of-fit p-value=0.79, with p>0.05 indicating 

excellent model calibration. Comparatively, the derivation cohort had a ROC-AUC of 0.94 with a Hosmer-

Lemeshow Goodness-of-fit p-value=0.17. 

Conclusions 

We successfully validated the MYSTIC-Score with excellent discrimination and calibration. The MYSTIC-

Score highlights that adding several ICU-complications to hospital admission criteria strengthens 

outcome prediction in msTBI. External validation would further enhance the mortality prediction tool, 

but lack of an existing msTBI cohort with the MYSTIC-Score ICU-complications collected currently 

hinders this. 
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Oral Abstract #8 

Development Of A Checklist For The Unmet Needs Of Patients and Caregivers Following Moderate to 

Severe Traumatic Brain Injury 

Shan Modi; Tamilyn Bakas; Brad Kurowski; Christopher J. Lindsell; Simona Ferioli; Brandon Foreman; 

Laura B. Ngwenya; Stephanie Thomas; Sara Keegan; Opeolu Adeoye; Natalie Kreitzer 

University of Cincinnati Emergency Department, Cincinnati, OH, United States  

 

Introduction 

Up to 5.3 million people in the United States are living with physical, cognitive, and psychological 

sequelae after TBI. Patients that sustain a moderate to severe TBI (msTBI) are heavily reliant on 

caregivers during their inpatient stay and for post-discharge care. There are limited data on how best to 

support caregivers in their role. The purpose of this study was to develop a checklist based on 

qualitative data that can be utilized by caregivers and clinicians to re-examine the particular needs of 

the caregiver at different periods in the acute, subacute, and chronic timeframe. 

Methods 

Patients with msTBI and their caregivers were recruited from two intensive care units (ICUs) in one 

institution to participate in semi-structured interviews at 72 hours, one month, three months, and six 

months post-injury. Transcripts of each interview were analyzed by two investigators who 

independently coded responses using a predetermined code list adapted from previously identified 

needs and concerns of other similar populations. Based on the particular coded segments, a checklist 

and a list of strategies were derived to address the needs and concerns of caregivers. 

Results 

A total of 18 patient-caregiver dyads were enrolled from X-Y, with 61 interviews completed; 53 

interviews with caregivers and 8 with patients. Caregiver interviews resulted in 41 unique codes that 

corresponded to varying caregivers’ needs and concerns which were developed into a checklist and list 

of strategies. 

Conclusions 

The needs and concerns of msTBI caregivers should be assessed over time to provide the support 

necessary to assist in the care of msTBI survivors. Implementation of a checklist, as well as a list of 

strategies, can allow for tailored interventions that improve the transitions of msTBI survivors from the 

ICU to subacute/chronic care environments. 
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Oral Abstract #9 

A Recurrent Neural Network Incorporating Serial Clinical and Imaging Data Enhances Early Prediction 

of Malignant Cerebral Edema 

Rajat Dhar; Hossein Mohammadian Foroushani; Ali Hamzehloo; Yasheng Chen; Laura Heitsch; Jin-Moo 

Lee; Daniel Marcus 

Neurology, Washington University in Saint Louis, Saint Louis, MO, United States 

 

Introduction 

Malignant cerebral edema (MCE) develops in a subset of those with hemispheric strokes, precipitating 

neurological deterioration and death if decompressive hemicraniectomy (DHC) is not performed in a 

timely manner. However, prediction of which patients will develop MCE is imprecise based on baseline 

clinical and radiographic features -

imaging quantifies development of cerebral edema. We employ a recurrent neural network that learns 

from serial clinical and imaging data to enhance early prediction of MCE. 

Methods 

We identified 105 patients with hemispheric stroke who had NIHSS and CT scans performed at baseline 

automated algorithm; midline shift (MLS) was measured at the level of the septum pellucidum. We 

trained a recurrent neural network that incorporates sequential data and compared its performance to 

those of traditional models. We tried to maximize sensitivity for predicting MCE (DHC or death) while 

optimizing prediction of those not requiring DHC (negative predictive value, NPV). 

Results 

Nine patients required DHC or died from MCE. A linear classifier incorporating age, baseline NIHSS, and 

serum glucose had high NPV (92%) but only 11% sensitivity for MCE.  A probabilistic Gaussian mixed 

model (GMM) improved sensitivity to 44%. Incorporating 24-hour NIHSS into GMM improved prediction 

(sensitivity 76%, NPV 97%). The neural network was able to predict all cases of surgery and all of those 

not requiring surgery with 100% accuracy

prediction. 

Conclusions 

Recurrent neural networks incorporating sequential clinical and imaging data from the first 24-hours 

after stroke may enhance our ability to predict which patients will need DHC. Our promising pilot 

evaluation of this approach study requires validation in larger external stroke cohorts. 
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Oral Abstract #10 

Machine Learning Improves the Prediction of Delayed Cerebral Ischemia and Functional Outcomes 

After Subarachnoid Hemorrhage 

Huimahn Alex Choi; Jude PJ Savarraj; Georgene Hergenroeder; Liang Zhu; Tiffany Chang; Soojin Park; 

Murad Megjhani; Farhaan S. Vahidy; Zhongming Zhao; Alex Choi 

The University of Texas Health Science Center- McGovern Medical School, Houston, TX, United States 

 

Introduction 

Early prediction of delayed cerebral ischemia (DCI) and functional outcomes will significantly impact the 

management of subarachnoid hemorrhage (SAH) patients. We trained machine learning (ML) models to 

predict DCI and functional outcomes and compared them to standard models (SM). Additionally, ML and 

clinician prognostication of 3-month functional outcomes were compared. 

Methods 

This is a single-center study of patients admitted to a tertiary care center. ML models and SM were 

trained to predict DCI and functional outcomes with data collected <3 days of admission. DCI status was 

recorded and functional outcomes at discharge and at 3-months were quantified using the modified 

Rankin scale (mRS) for neurological disability (dic

Concurrently, clinicians prospectively prognosticated 3-month outcomes of patients within 3 days of 

admission.  The performance of ML, SM and clinicians are compared. 

Results 

451 subjects were included in the study. DCI status, discharge, and 3-month outcomes were available for 

399, 393 and 240 subjects respectively. Prospective clinician (an attending, a fellow and a nurse) 

prognostication of 3-month outcomes was available for 90 subjects. ML models yielded accurate 

predictions with the following AUC (area under the receiver operating curve) scores: 0.75 ± 0.07 (95% CI: 

0.64 to 0.84) for DCI, 0.85 ± 0.05 (95% CI: 0.75 to 0.92) for discharge outcome, and 0.89 ± 0.03 (95% CI: 

0.81 to 0.94) for 3-month outcome. The best ML models performed better than the SMs, improving the 

AUC by 0.20 (95% CI: -0.02–0.4) for DCI, by 0·07 ± 0.03 (95% CI: -0.0018–0.14) for discharge outcomes, 

and by 0.14 (95% CI: 0.03 –0.24) for 3-month outcomes and matched physician’s performance in 

predicting 3-month outcomes. 

Conclusions 

ML outperform SMs in predicting DCI and match attending physician in predicting 3-month outcomes. 

ML models has potential to help improve outcomes after SAH. 
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Oral Abstract #11 

Impact Of Neuromuscular Electrical Stimulation and High Protein Supplementation on Recovery After 

Subarachnoid Hemorrhage (NCT03201094) 

Neeraj Badjatia; Stephanie Sanchez; Joseph Haymore; Gabriella Judd; Melissa Motta; Gunjan Parikh; 

Wendy Chang; Nicholas Morris; E. Francois Aldrich; J. Marc Simard; John D. Sorkin; Alice Ryan 

Program in Trauma, Department of Neurology, University of Maryland School of Medicine, Baltimore, 

MD, United States 

 

Introduction 

Aneurysmal subarachnoid hemorrhage(SAH) survivors live with long term residual physical and cognitive 

disability. We studied whether neuromuscular electrical stimulation(NMES) and high protein 

supplementation(HPRO) in the first two weeks after SAH could preserve neuromotor and cognitive 

function as compared to standard of care(SOC) for nutrition and mobilization. 

Methods 

SAH subjects with a Hunt Hess(HH) grade>1, 

assigned to SOC or NMES+HPRO. NMES was delivered to bilateral quadriceps and gastrocnemius 

muscles daily during two 30 minute sessions along with HPRO(goal:1.8 g/kg/day) between post bleed 

day(PBD) 0 and 14.  Primary endpoint was atrophy in the quadriceps muscle as measured by the 

percentage difference in the cross sectional area from baseline to PBD14 on CT scan. All subjects 

underwent serial assessments of physical(short performance physical battery,SPPB) cognitive(Montreal 

Cognitive Assessment Scale,MoCA) and global functional recovery(modified Rankin Scale,mRS) at PBD 

14, 42, and 90. 

Results 

Twenty-five subjects(SOC=13,NMES+HPRO=12) were enrolled between December 2017 and January 

2019 with no between group differences in baseline characteristics(58 years old, 68% women, 50% 

HH>3). Median duration of interventions was 12 days(range 9 – 14) completing 98% of NMES sessions 

and 83% of goal protein intake. No difference in caloric intake between groups, but HPRO+NMES group 

received more protein(1.5 +/-0.5 g/kg/d v 0.9+/-0.4 g/kg/d,P<0.01). Muscle atrophy at PBD 14 was less 

in NMES+HPRO group(2.8+/-2.9% vs 6.7+/-3.2% ,P=0.01). On univariate analysis, higher atrophy was 

correlated with lower daily protein intake (r=-0.59,P=0.002); and worse 3 month MoCA (r=-0.39, 

P=0.06),SPPB(r=-0.31,P=0.1) and mRS(r=0.46,P=0.03). NMES+HPRO subjects performed better on 

SPPB(P=0.03), were observed to have a lower mRS(P=0.01) and obtained a higher MoCA(P=0.1) than 

SOC at PBD 90. 

Conclusions 

NMES+HPRO may reduce acute muscle wasting in lower extremities with a lasting benefit on recovery 

after SAH. To better understand whether NMES and/or HPRO are responsible for observed benefits, a 

larger, multicenter study is underway. 
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Working Together to Save More Lives: Improved Collaboration Results in More Organs Available for 
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Introduction 

Increasing authorization rates for organ donation is the best way to grow the number of organs available 

for life-saving transplants. In order to improve our authorization rates and thereby provide more organs 

for life-saving transplants, our Organ Procurement Organization (OPO) partnered with donor hospitals to 

-led donation conversations and intensified the focus on a 

collaborative donation process. 

Methods 

ned in the 

the OPO during the authorization process by providing a timely notification of a potential donor and by 

work together on the timing of the donation discussion. 

Results 

The overall authorization rate has improved from 49% in 2012 to 70% currently. During this time frame, 

- -led 

conversations has been compelling and a significant factor in improving authorization rates. Equally 

impactful to improved authorization rates has been a 20% increase in cases involving a collaborative 

donation process (measured by timely referral and collaborative mention of donation). 

Conclusions 

Developing a strong partnership between an OPO and a donor hospital is paramount to a successful 

donation process. Critical factors such as timely referral notification and collaboration regarding the 

timing of the donation discussion can positively influence authorization outcomes. Moreover, we 

-led donation conversations will lead to further increases in 

authorization which results in more lives saved through donation. 
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Introduction 

Quantitative EEG analysis is one part of multimodal monitoring in the intensive care unit due to high 

temporal resolution and ease of deployment. Previously we have shown that dynamical properties of 

EEG signals can be used to differentiate focal vs. diffuse causes of coma (Kafashan et al., 2017), and that 

the intrinsic reactivity of EEG signals – a measure of responsiveness of the EEG to endogenously rare 

events – correlates with GCS score (INRI, Khanmohammadi et al., 2018). Here, we explore the possibility 

of localizing brain lesions using these dynamical features of EEG signals. 

Methods 

We collected retrospective data from 20 comatose patients (GCS<8) defined to have a focal injury. The 

patients underwent EEG recordings and imaging for routine purposes at Barnes-Jewish Hospital NNICU. 

Index (INRI), which consists of identifying intrinsic events, obtaining brain-state trajectories, and 

quantifying brain-state trajectories. We then used a neural network-based classifier to map the INRI to 

lesion location using supervised learning paradigms with cross-validation. 

Results 

We used imaging to identify anatomical location of lesions and project them to a two-dimensional 

headmap. We trained a neural-network classifier to predict 2D lesion location from the INRI dynamics of 

each EEG channel. We then assessed the correlation between predicted location and actual location 

using a cross-validation protocol. Predicted locations significantly correlated with injury location (r>0.6) 

when compared to correlations with randomly selected patients (r~0). The results point to a systematic 

change in underlying neuronal-dynamics induced by brain lesions, that was captured through EEG 

dynamics and the concept of intrinsic reactivity. 

Conclusions 

Here we developed and evaluated a framework to localize brain injury through novel analysis of EEG 

dynamics. The results here, together with our previous work, suggest brain injuries can be detected and 

localized using EEG recordings. 
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Introduction 

To examine whether changes in Intracranial Pressure (ICP) waveform morphologies can be used as a 

biomarker for early detection of ventriculitis. 

Methods 

Of 1653 consecutive patients enrolled prospectively in a hemorrhage outcomes study from 2006 to 

2018, 435 (26%) patients required external ventricular drainage (EVD). Only the culture-positive 

ventriculitis seen in 19 (4% of all EVDs) patients were included in current analysis. Based on our 

es per week, and additionally if infection was 

suspected. EVDs were left open for drainage, with ICP monitored hourly by clamping. Using wavelet 

analysis, we extracted uninterrupted segments of ICP waveforms. We extracted dominant-pulses from 

continuous high-resolution data using Morphological Clustering Analysis of ICP Pulse (MOCAIP). Then we 

applied hierarchical k-means clustering using dynamic time warping distance to obtain morphologically 

similar groupings. We applied a top-down approach to split the clusters further, which stops when the 

mean distance of the waveforms to the centroid is less than a pre- -

clusters and further-split clusters (when equipoise existed) were categorized for broad comparison by 

clinician consensus. 

Results 

We extracted 275,911 dominant pulses from 459.9 hours of EVD data. 112,898 pulses (40.9%) occurred 

before positive culture, 41,300 pulses (15.0%) were during culture positivity, and 121,713 pulses (44.1%) 

occurred after clinical diagnosis was made. K-means identified 20 clusters, which were further grouped 

into meta-clusters: tri/biphasic (green), single-peak (yellow) and artifactual (red) waveforms. 61.8% of 

dominant pulses were tri/biphasic before ventriculitis, which reduced to 22.6% during and 28.4% after 

(p<0.0001). One day before the first positive cultures were collected, the distribution of meta-clusters 

changed to include more single-peak and artifactual ICP waveforms (p<0.0001). 

Conclusions 

The distribution of ICP waveform morphology changes significantly prior to the clinical diagnosis of 

ventriculitis, and may be a potential biomarker. 
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Cerebrovascular Patients (NCT03360656) 
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Introduction 

Inducing normothermia with temperature modulating devices (TMDs) is often associated with 

significant shivering.  We tested the ability of a novel transnasal TMD to induce and maintain 

normothermia with minimal shivering in endotracheally intubated (ET) cerebrovascular patients. 

Methods 

Single center study utilizing CoolStat transnasal cooling device to achieve core temperature reduction by 

inducing an evaporative cooling energy exchange in the turbinates and upper airway thru a high flow of 

dehumidified air into the nasal cavity and out the mouth. Primary goal was the ability to induce 

normothermia(T<=37.5C) within 4 hours in ET patients  with fever(T>=38.3C) refractory to 

acetaminophen.  Continuous temperature measurements were obtained from tympanic and 

core(esophageal or bladder) temperature sensors.  Safety assessments included continuous monitoring 

for hypertension, tachycardia, and raised ICP(when monitored). ENT evaluations monitored for any 

device related nasal mucosal injury. Shivering was assessed every 30 minutes using the Bedside 

Shivering Assessment Scale(BSAS). Duration of device use was limited to 8 hours, as regulated by the 

e care for temperature 

management. 

Results 

Ten subjects(median age:54 years, BMI:32.5kg/m2,60%men) were enrolled with normothermia 

achieved in 90% of subjects. One subject did not achieve normothermia and was later refractory to 

other TMDs. Median baseline temperature was 38.5+/-0.1 C, with a reduction noted by 4 hours(38.5 +/-

0.1 v. 37.3 +/- 0.8, P<0.001) and  sustained at 8 hours(38.5+/-0.1 v 37.2+/-0.7, P=0.001). Time to 

normothermia was 3.1+/-1.8 hours.  The median BSAS was 0(range:0 -1) with only 4 episodes 

necessitating meperidine across 80 hours of study monitoring.  No treatment was discontinued due to 

safety concerns. ENT evaluations noted no device related adverse findings. 

Conclusions 

Inducing normothermia with a novel transnasal TMD appears to be safe, feasible and not associated 

with significant shivering. A multicenter trial testing the ability to maintain normothermia for 24 hours is 

currently underway. 
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Introduction 

Human ubiquitin C-terminal hydrolase (UCHL1) is a well-accepted serum biomarker for severe traumatic 

brain injury (TBI). A reliable, rapid, cost effective, bedside and easy to perform method for detection of 

UCHL1 is a pre-requisite for wide clinical application of UCHL1 as TBI biomarker. We developed a rapid 

detection method for UCHL1 using surface plasmon resonance (SPR) of gold nanoparticles. 

Methods 

66 TBI patients and 34 healthy subjects were included from two centers enrolled for this prospective 

study. Patients with Glasgow coma scale (GCS) ranging 13-15 were classified as mild TBI (Group A; n=33) 

-severe TBI (Group B; n=33) for this analysis. 34 

normal subjects without previous history of head injury (mean age 20 years, range 17-25 years) were 

studied as control for comparison. To check the presence of UCHL1 in the mild and moderate to severe 

TBI serum samples, we performed immuno-dot blot assay. This method involves directly applying the 

samples to polyvinylidene difluoride membrane and detection by specific antibody. Serum (10 µl) from 

-S to 

confirm equal loading. Blots were then probed with anti-UCHL1 mouse monoclonal antibody followed 

by rabbit anti-mouse-HRP secondary antibody and detected by chemi-luminescence. 

Results 

This simple assay detects UCHL1 with a dynamic range and with limit of detection being 0.5 ng mL-1. 

Using this method, we successfully detected UCHL1 in TBI patients and were reliably able to distinguish 

mild TBI from moderate-severe TBI with a sensitivity and specificity of 100% and 91.7% respectively and 

meets the similar analytical precision to that of conventional sandwich ELISA. 

Conclusions 

This activity-based assay appears to have good potential to detect the critical level of UCHL1 in serum 

samples of patients with head injury. Such an assay could be a foundation for developing a point of care 

investigation as a screening tool that can be performed within a short spell and probably with an 

accuracy equivalent to that of ELISA. 
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Introduction 

Traumatic coma is thought to be caused by disruption of the subcortical ascending arousal network 

(AAN). This hypothesis has not yet been tested because tools to map AAN connectivity in living humans 

have only recently become available. We implemented high angular resolution diffusion imaging 

(HARDI) on an MRI scanner in the intensive care unit to determine whether patients presenting with 

traumatic coma have disrupted AAN connectivity. 

Methods 

We performed high angular resolution diffusion imaging (HARDI) in 16 patients with acute severe 

traumatic brain injury who were comatose on admission and in 16 matched controls. We used 

probabilistic tractography to measure the connectivity probability (CP) of AAN axonal pathways linking 

the brainstem tegmentum to the hypothalamus, thalamus and basal forebrain. To assess the spatial 

specificity of CP differences between patients and controls, we also measured CP within four subcortical 

pathways outside the AAN. 

Results 

Compared to controls, patients showed a reduction in AAN pathways connecting the brainstem 

tegmentum to a region of interest encompassing the hypothalamus, thalamus, and basal forebrain 

(Patients: median 0.08, IQR [0.04, 0.1] Controls: 0.1 [0.09, 0.12], P = 0.006). Examining each pathway 

individually, brainstem-hypothalamus and brainstem-thalamus CPs (Pc < .05), but not brainstem-

forebrain CP (Pc = 0.37), were significantly reduced in patients. Only one subcortical pathway outside 

the AAN showed reduced CP in patients. 

Conclusions 

We provide initial evidence for the reduced integrity of axonal pathways linking the brainstem 

tegmentum to the hypothalamus and thalamus in patients presenting with traumatic coma. Our findings 

support current conceptual models of coma as being caused by subcortical AAN injury. AAN connectivity 

mapping provides an opportunity to advance the study of human coma and consciousness. 
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Introduction 

Limited knowledge about the physiology underlying coma recovery has decreased clinicians’ ability to 

identify patients likely to benefit from continued intensive therapy. Machine learning using quantitative 

EEG (QEEG) has shown potential to improve outcome prediction in cardiac arrest, but the relationship 

between QEEG trends and coma recovery had limited evaluation in large multicenter studies. 

Methods 

Seven hospitals contributed clinical and EEG data from comatose adult subjects with cardiac arrest who 

underwent continuous EEG and targeted temperature management. QEEG features evaluated included 

background frequency, burst-suppression ratio(>50%), epileptiform discharges, and entropy. We utilized 

random forests to predict good (CPC1-2) vs. poor (CPC3-5) outcome at 6-months. Model performance 

was evaluated using the AUC at 12h intervals up to 72h. 

Results 

We analyzed 58,125 hours of EEG (+5TB) for 1,089 subjects (388 good outcomes). Unfavorable EEG 

features were common in subjects with good or poor outcomes (epileptiform discharges: 27%, 38% and 

burst-suppression: 25%, 56%, respectively). Epileptiform discharge frequency peaked after rewarming in 

subjects with good outcome (3 spikes/min at 48h), but continued increasing during cooling and 

rewarming for those with poor outcome (4-8 spikes/min from 24h-48h). Shannon entropy was always 

higher in subjects with good outcome. Burst-suppression strongly predicted outcome for all centers but 

during different times, while epileptiform discharges predicted outcomes in five centers, entropy in 

three, and alpha-background in only one. Outcome prediction was best with QEEG during cooling rather 

than after rewarming (AUC 0.83 vs. 0.77 at 24h and 48h, p<0.05). Maximal AUC at 24h for individual 

centers ranged from 0.54-0.86. 

Conclusions 

Early QEEG trends carry useful information for coma recovery prediction, but marked heterogeneity in 

QEEG trends across centers can limit performance and reproducibility of machine learning 

prognostication algorithms. Coexistence of favorable and unfavorable QEEG features in the same 

patient is common, suggesting that generalizable models for coma recovery prediction must leverage 

temporal trends. 
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Introduction 

Out-of-hospital cardiac arrest (OHCA) causes significant morbidity and mortality. Data has consistently 

shown that the majority of OHCA patients are men, yet women present with worse prognostic factors. 

We investigated the effect of sex on post-resuscitation care and outcomes, hypothesizing that women 

receive fewer neurodiagnostic tests. 

Methods 

This IRB approve

Arrest Registry (INTCAR) data from European and US centers between 2012 – 2017. Primary outcome 

was survival to hospital discharge. Secondary outcomes included neurological outcome at hospital 

discharge measured by Cerebral Performance Category. Standard Utstein variables, utilization of 

neurodiagnostic tests and targeted temperature management, and frequency of Do Not Resuscitate 

(DNR) orders and withdrawal of life-sustaining therapies (WLST) were analyzed by sex. 

Results 

Of 2,407 patients analyzed, 809 (33.6%) were women. Women were more likely to have non-cardiac 

comorbidities, unwitnessed cardiac arrests (27.5% vs 23.5%, p=0.035), and non-shockable primary arrest 

rhythms (60.2% vs 43.1%, p<0.001). Univariate analysis showed women had significantly lower rates of 

survival (30.1% vs 42.7%, p<0.0001), but sex disappeared as a predictor for survival (OR 0.85, 95% CI 

0.67-1.07, p=0.16) after controlling for demographic and arrest characteristics. Women had lower rates 

of good neurologic outcome in both univariate (21.4% vs 34.0%, p<0.0001) and multivariate (OR 0.73, 

95% CI 0.56-0.94, p=0.016) analyses. Post-resuscitation, women received less targeted temperature 

management (84.2% vs 89.5%, p=0.002) but had similar rates of neuroimaging (75.5% vs 74.3%, p=0.54) 

and neurodiagnostics (78.8% vs 78.6%, p=0.91). Women had higher rates of DNR orders (63.8% vs 

50.8%, p<0.0001) and higher rates of WLST (55.6% vs 42.8%, p<0.0001). 

Conclusions 

Women with cardiac arrest receive similar rates of neurodiagnostic tests post-cardiac arrest but have 

higher rates of DNR orders and WLST. The interaction between these findings and the higher rates of 

poor outcome in women needs further investigation. 
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Introduction 

Human consciousness depends on ascending projections from the brainstem. Brainstem lesion mapping 

studies have identified a coma-specific sub-region of the dorsolateral pontine tegmentum. However, 

loss of consciousness (LOC) can also occur following injury to cortical regions remote from the 

brainstem, a phenomenon that commonly occurs after penetrating head trauma but remains poorly 

understood. 

Methods 

Using a cohort of patients with penetrating head trauma from the Vietnam Head Injury Study, we 

analyzed the location of brain damage that produced either no LOC (N = 64), brief LOC (N =91), or 

prolonged LOC (N = 16). We first used a voxel-lesion symptom mapping approach with ordinal logistic 

regression to search for lesion locations associated with LOC. We next used a novel technique termed 

lesion network mapping to examine connectivity differences between the locations of lesions causing or 

not causing LOC in a large (N = 1000), normative MRI database of resting-state functional connectivity. 

Results 

Using standard lesion mapping, no single focus of brain damage was associated with LOC. Connectivity 

between cortical lesion locations and the previously identified coma-specific region of dorsal brainstem 

was an independent predictor of LOC (B = 1.2, P = 0.004). The brain area to which lesion connectivity 

most predicted LOC was slightly rostro-medial to the coma-specific area and overlapped the 

serotonergic raphe nuclei. The relationship between this region of brainstem and cortical lesions causing 

LOC was driven by anticorrelations (negative correlations). The map of brain regions anticorrelated to 

this brainstem location defines a brain network that when damaged, is most likely to cause LOC.  This 

network showed a slight posterior predominance and included peaks in the bilateral claustrum, a region 

long-theorized to play a role in consciousness. 

Conclusions 

Our results link cortical lesions causing LOC to brainstem sites that maintain arousal, lending insight into 

the network of regions supporting human consciousness. 
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Introduction 

Andexanet alfa (andexanet) is the first antidote approved for treating life-threatening intracranial 

hemorrhage (ICH) associated with factor-Xa inhibition. Before its 2018 approval, patients frequently 

received off-label treatment with 4- -PCC). We evaluated 

the operational processes and outcomes of patients with rivaroxaban or apixaban-associated ICH 

-PCC or andexanet. 

Methods 

We performed a retrospective, single- -PCC or andexanet to 

reverse rivaroxaban -sum, and students t-

test statistics were calculated, respectively, to compare proportions and nonparametric data. 

Results 

-PCC and 19 received andexanet. Median [IQR] 

initial Glasgow Coma Scale (GCS) was 10 [6- -PCC-treated patients versus 15 [14-15] in those 

receiving andexanet (p=0.002). Three patients in each group underwent emergency neurosurgery. The 

-PCC dose was 26.9 units/kg (2500 units); all andexanet-treated patients received an 880-mg, 

low-dose regimen. Median door-to-order time was 2.4 hours in both groups. Median order-to-

administration time was 0.5 hours [0.1-0.8] vs. 1.1 hours [0.8- -PCC and andexanet group, 

respectively (p=0.0004). Direct drug costs by average wholesale price were $6,925/patient vs. 

-PCC and andexanet group, respectively; p<0.0001. Intensive Care Unit and 

hospital length of stay were similar between groups. In-hospital mortality was higher among patients 

-PCC versus (63.6% vs. 26.3%; p=0.06). Discharge GCS score was 15 [12–15] vs. 15 [15–

-PCC and andexanet groups, respectively; p=0.22. Thrombotic complications occurred in 

9.1% -PCC-treated and 15.8% (3/19) andexanet-treated patients; p=1. 

Conclusions 

Andexanet therapy is associated with a longer time to treatment, potentially attributable to increased 

compounding complexity, and a 433% increase in direct drug costs. 

these limitations are balanced by differential clinical outcomes. 
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Introduction 

Andexanet alfa has been shown to reduce anti-factor Xa activity however outcome studies are lacking. 

We compare the efficacy of four-facto -PCC) vs andexanet in 

patients with factor Xa inhibitor related bleeding. 

Methods 

Retrospective study was performed January 2017 to March 2019, including patients with factor Xa 

inhibitor related bleeding of whom 71 wer -PCC vs 50 treated with andexanet. 

Outcome was analyzed using Glasgow Outcome Scale (GOS) at discharge, presented as good (score 4-5) 

and poor (1-3); length of stay (LOS) and in-

variables, and T-test for continuous variables. 

Results 

-PCC or andexanet were included in the study. Bleeding source 

- -PCC; vs andexanet 17 cases, 34% of total 

-PCC n=20, andexanet n=11) and trauma (45-PCC 

-PCC group was 7.8d vs 6.7d in the andexanet group; ICU stay 

corresponded to 4.34 vs 4.29 days, respectively. Outcomes evaluated through GOS did not differ 

-PCC group vs 50% in andexanet group, 

-PCC group vs 

29.4% on andexanet group, p=1). Unexpectedly, in-hospital mortality was higher on andexanet group 

-PCC group (9.9%); with a similar trend observed in the CNS subgroup. 

Conclusions 

-PCC as a factor Xa inhibitor related bleeding reversal agent was as effective as 

andexanet based on outcome scale, constituting an essential option for hemostatic control as cost 

differences can limit the use of andexanet. 
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Introduction 

The mechanism by which early administration of tranexamic acid (TXA) reduces mortality in traumatic 

brain injury (TBI) is poorly understood. In-vitro models suggest the glycocalyx is preserved with early TXA 

administration, indicating that TXA may inhibit glycocalyx breakdown. We hypothesized that early TXA 

administration would result in vascular endothelial preservation as evidenced by lower levels of 

thrombomodulin, syndecan-1, ICAM, and VCAM. 

Methods 

We analyzed a subset of subjects from the Prehospital TXA for TBI Trial, which examined the efficacy and 

safety of prehospital administration of TXA compared to placebo in patients with moderate or severe 

TBI who were not in shock. Blood samples were collected upon admission and at 6hrs. Glycocalyx 

breakdown markers were quantified using a Luminex analyte platform. Clinical variables were compared 

using Wilcoxon Rank-Sum tests for non-parametric continuous data and Chi-

tests for categorical data. Differences in median marker levels were evaluated using t-tests performed 

on log-transformed variables. Significance was set at 0.05. 

Results 

Data from 437 patients [placebo (n=201), TXA (n=236)] were analyzed. Groups were well-matched for 

age, sex, injury mechanism, admission injury severity score, head abbreviated injury score, and presence 

of intracranial hemorrhage (ICH) on admission CT. No differences were observed in any median marker 

levels on admission or at 6 hours. However, admission levels of syndecan-1 in patients with ICH (n=287) 

who received TXA were lower than those in the placebo group (254.6 pg/mL [200.7-322.0] v. 272.4 

pg/mL [219.7-373.1], P=0.05). No differences in thrombomodulin, ICAM, or VCAM levels were detected 

at either timepoint in the ICH subgroup. 

Conclusions 

Administration of TXA early after injury may attenuate endothelial release of syndecan-1 in patients 

with moderate or severe TBI and ICH, potentially suggesting a selective role for TXA in endothelial 

gl  
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Intracranial Hemorrhage (ICH) Associated with Rivaroxaban and Apixaban: A Retrospective 

Comparative Study 

Keith Nguyen; Michael Hurley; Kathryn Wdowiarz; Ahmed Hassan 
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Introduction 

Despite a rapid increase in the use of the oral factor Xa inhibitors rivaroxaban and apixaban over recent 

years, there remains no standard management for associated life-threatening hemorrhage.  Andexanet 

-approved reversal agent available but its place in therapy remains controversial due 

to its high cost and a lack of head-to-head trials comparing it to four-factor prothrombin complex 

-PCC). 

Methods 

We conducted a retrospective review of adult patients admitted with ICH associated with rivaroxaban or 

apixaban and -PCC for anticoagulation reversal between May 2018 

and April 2019.  The primary outcome was hemostatic efficacy using the ANNEXA-4 study rating system 

(excellent, good, or poor) based on initial and repeat non-contrast CT head imaging within 24 hours.  

Secondary outcomes included the occurrence of thromboembolic events and 30-day all-cause mortality.  

We excluded patients whose hematoma was surgically evacuated before the 24-hour CT or who 

received multiple reversal products. 

Results 

22 ICH patients met the inclusion criteria: 8 andexanet patients (6 spontaneous and 2 traumatic) and 14 

-PCC patients (1 spontaneous and 13 traumatic).  8 (100%) andexanet patients achieved excellent 

-PCC patients ( -PCC patients, 2 (14%) achieved 

good (p=0.26) and 2 (14%) achieved poor (p=0.26) hemostasis.  Thromboembolic events following 

-

PCC patients (p=0.05).  Thirty-day all-cause mortality occurred in 1 (13%) andexanet patient and 1 (7%) 

-PCC patient (p=0.67). 

Conclusions 

-PCC for 

reversing ICH associated with rivaroxaban and apixaban.  Limitations include our small sample size and 

-PCC in this population now that andexanet alfa is widely available. 
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Catheter Associated Venous Thromboembolism in A NeuroICU Cohort 

Dylan Archbold Hufty Alegria; Scott Cagnap; Manuel Buitrago Blanco; Paul Vespa; Carl Wherry 

UCLA Department of Neurosurgery, Los Angeles, CA, United States 

 

Introduction 

A quality improvement project was undertaken to understand the risks of central venous catheter 

associated venous thromboembolism (VTE) in the NeuroICU setting. 

Methods 

All patients who were admitted to the NeuroICU and required a central venous catheter from 7/1/2018 

to 12/31/2018 were included in the study.  All catheters were placed under ultrasound guidance using 

the Seldenger technique.  The site of catheter insertion, duration of dwell time and subtype were 

recorded for each catheter that was placed.  Catheters were categorized as cooling catheters, large bore 

and dialysis catheters, or standard multi-lumen infusion catheters.  Clinical suspicion for VTE such as 

extremity edema or unexplained hypoxemia triggered the standard of care use of ultrasound and/or 

lung CT angiography for diagnosis.  VTEs with an appropriate chronology and in the same vascular 

distribution as the suspected catheter were categorized as catheter associated. 

Results 

174 catheters in 104 patients were included in the analysis representing 1022 catheter*days.  A total of 

8 catheter related VTEs were observed in our cohort. In a mixed NeuroICU cohort the overall VTE rate 

was 7.8 per 1000 patient days which is in line with prior published rates.  Multi-lumen infusion catheters 

had the highest rate of VTE (8.1 ± 3.3) and cooling catheters had the lowest rate (6.3 ± 6.3).  Surprisingly, 

the highest rate of VTEs was observed in catheters placed in the subclavian vein across catheter types 

(13.7 ± 7.8). 

Conclusions 

We observed that multi-lumen infusion catheters had a higher rate of VTE compared with cooling and 

large bore catheters.  This finding may be related to longer dwell times for multi-lumen catheters (6.4 ± 

4.6 vs [cooling] 4.9 ± 2.4 and [large bore] 4.8 ± 4.4). The subclavian vein was the site with the highest 

rate of VTE which may be related to more lateral approach taken with ultrasound guided subclavian 

catheter placement. 
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Continuous Infusion Vasopressin for Treatment of Post-Traumatic Diabetes Insipidus 

Storm Alan Van Wey; Emily M. Miller; Laura E. Aykroyd; Omar Rahman; Lori L. Wetmore 

Indiana University Health; Department of Pharmacy, Indianapolis, IN, United States 

 

Introduction 

Central diabetes insipidus (DI) has been described in patients who experienced neurological insult, 

including traumatic brain injury (TBI) and intracerebral hemorrhage. Post-traumatic diabetes inspidus 

(PTDI) is believed to occur secondary to damage to the hypothalamus and pituitary structures, leading to 

decreased excretion of endogenous antidiuretic hormone. Vasopressin and desmopressin represent 

available antidiuretic hormone analogues. Though desmopressin is utilized in long-term management of 

central DI, its use in the acute setting of PTDI may be suboptimal secondary to the infrequent dosing 

strategy as compared to vasopressin. Though there is minimal safety and efficacy data using continuous 

infusion vasopressin in PTDI, the ability to rapidly titrate a vasopressin infusion to patient response may 

make vasopressin a desirable alternative in the acute setting. 

Methods 

This study was a retrospective chart review of patients admitted January 1, 2013 through December 31, 

2018, greater than eighteen years of age, with a diagnosis of TBI or intracerebral hemorrhage that 

received continuous infusion vasopressin for the treatment of diabetes insipidus. Patients were 

excluded if pregnant or incarcerated at time of admission. 

Results 

A total of 32 patients were included. Goal urine output was defined as 200 mL/h. During the hour prior 

to the start of infusion, the median urine output was 500 mL/h [IQR 400-682]. At two hours into the 

infusion of vasopressin, the median urine output was 110 mL/h [IQR 73-168]. This effect was maintained 

throughout a 24 hour period with the median urine output remaining less than 200 mL/h and the 

median vasopressin infusion rate ranging from 0.02-0.04 units/min. 

Conclusions 

As a result of this study, vasopressin represents a plausible alternative to desmopresisn for the 

treatment of PTDI. The ability to rapidly adjust dosing possibly gives it an advantage over desmopressin 

in this acute setting. More data would be required to make a formal recommendation. 
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Effects of Prothrombin Complex Concentrate on Laboratory Parameters in Patients on Direct Acting 

Oral Anticoagulants with Intracranial Hemorrhage 

Carly Adams; Brandon Foreman; Shaun Keegan 

Division of Pharmacy Practice, James L. Winkle University of Cincinnati College of Pharmacy, Cincinnati, 

OH, United States 

 

Introduction 

Patients on direct acting oral anticoagulants (DOACs) have high mortality after intracranial hemorrhage 

(ICH). Prothrombin Complex Concentrate (PCC) has been used off-label to treat ICH while on DOACs. 

PCCs effect on laboratory markers of anticoagulation have varied. Whether or not a change in laboratory 

markers of anticoagulation impact outcome is unknown. 

Methods 

Retrospective, single center design assessing patients on DOACs that presented with ICH and received 

PCC. The primary outcome is to describe changes in anti-

Thrombelastography (TEG) parameters before and after receiving PCCs. Hemostatic efficacy (defined by 

International Society on Thrombosis and Haemostasis criteria), and thrombosis rate are also reported. 

Results 

Thirty five patients were included. Patients were 73.6+/-9.6 years old and 54% were male. 48.5% had 

traumatic brain injury related hemorrhage, 37% had primary intracerebral hemorrhage, 11.4% had 

subdural hemorrhage, and 2.8% had subarachnoid hemorrhage. Median Glasgow Coma Score at 

was 0.38 units/mL +/- 0.50 units/mL. On average TEG R time decreased 14 +/- 34 seconds and TEG ACT 

time decreased 34 +/- 84 seconds. Hemostatic efficacy was excellent or good in 70% of patients and 

poor in 30%. Thrombosis rate was 8.6%. Overall mortality was 49%. 

Conclusions 

There was a modest response in laboratory parameters after giving PCC to patients with DOAC 

associated ICH.  The mortality in this cohort was high. Whether a laboratory response in coagulation 

dosing, laboratory response, hemostatic efficacy and patient outcomes. 
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Antipsychotics Use in Critically Ill TBI Patients: A Canadian Multicenter Observational Cohort Study 

David Williamson; Marc M. Perreault; Louise Rose; Jonathan Mailman; Marc Dobrescu; Aleesa Carter; 

Robert MacLean; Aya Mansour; Frédérick D’Aragon; Alexis Turgeon;  Marie-Elaine Blouin; Victoria 

McCredie; Sangeeta Mehta; Christie Lee; Lisa Burry 

Pharmacy Department and Research Center, Hôpital du Sacré-Coeur de Montréal, Montreal, Canada 

 

Introduction 

In critically ill patients with TBI, agitated behaviors may often be threatening for patients safety and for 

clinical teams. Antipsychotics are commonly used for the acute management of these agitated 

behaviors. However, animal TBI models suggest that repeated use of antipsychotic agents reduce 

cognitive and functional recovery. It remains unknown if the use of these agents negatively impact the 

functional recovery of TBI patients. Our objective was to describe the use of antipsychotic agents and 

agitation/delirium monitoring practices in critically ill TBI patients. 

Methods 

We conducted a retrospective observational study of 9 adult ICUs in Canada that manage TBI patients. 

Consecutive adult patients with moderate/severe TBI admitted to ICU between January 2015 and 

December 2016 were included. Data were collected using standardized forms for up to a maximum of 

21 days in ICU or until transfer out of ICU. The primary outcome was incidence of antipsychotic use. 

Results 

We included 333 patients (3037 patient-days) with a moderate (44%) or severe (56%) TBI. The majority 

TBI included falls (48%), MVA (34%) and assaults (8%). Antipsychotics were used in 44% of patients for a 

total 27% of patient-days. Quetiapine, haloperidol, olanzapine, and risperidone were used in a 14%, 

11%, 1%, 1% of patient-days, mostly for agitation, an unclear reason or delirium (16%, 8% and 3% of 

total patient-days, respectively). A delirium monitoring tool was used 16% of patient-days whereas the 

RASS and SAS were used in 67% and 12% of patients-days, respectively. 

Conclusions 

Despite uncertainties regarding their efficacy and safety, antipsychotics are frequently used in critically 

ill moderate/severe TBI patients in Canada, mostly for the management of agitation. Sedation/agitation 

tools are mostly used for the monitoring whereas delirium tools are more rarely used. 
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Predictors of Refractory Elevated Intracranial Pressure (ICP) in Setting of Traumatic Venous Sinus 

Thrombosis 

Daniel Schwartz; Jeffrey Vitt; Judy Ch’ang; Jason Talbott; Vineeta Singh 

, , CA, United States 

 

Introduction 

Traumatic venous sinus thrombosis (tVST) is increasingly detected on neuroimaging in acute head 

trauma, and may be an important contributor to elevated ICP refractory to standard medical/surgical 

treatment, and in turn, higher morbidity/mortality and more complex ICU course. We sought to identify 

clinical and neuroimaging features predictive of refractory ICP issues in tVST patients treated in an urban 

level I Trauma center.  

Methods 

Retrospective query of electronic radiology database from 2015 to 2018 using the phrase “venous sinus 

thrombosis”. Cases were reviewed and scored by a fellowship-trained neuroradiologist to define degree 

of occlusion (partial vs complete) and cause of sinus occlusion (extrinsic compression vs intrinsic 

thrombus vs both). Additional patient characteristics included demographics, mechanism of trauma, 

cerebral venous sinus involvement, laterality, skull fracture, extra-axial hemorrhage and invasive neuro-

monitoring. Refractory ICP was defined as at least one spontaneous ICP elevation >=5 minutes during 

ICU stay despite use of first tier therapies for ICP control. Odds ratios were computed and adjusted by 

multivariate logistic regression for patient age, gender and initial GCS to determine association with 

refractory ICP.  

Results 

Among 74 patients with radiologic diagnosis of tVST, 18 developed refractory ICP (18/74=24.3%).  

Statistically significant variables associated with refractory ICP included involvement of internal jugular 

vein (aOR=6.11, 95% CI 1.65-22.62), involvement of transverse sinus (aOR=6.49, 95% CI 1.22-34.60) and 

presence of temporal bone fracture (aOR=5.27, 95% CI 1.48-18.72). Potentially protective factors 

included sinus pathology secondary to extrinsic compression (aOR=0.23, 95% CI 0.50-0.87) and co-

existing epidural hemorrhage (aOR=0.33, 95% CI 0.10-1.17). 

Conclusions 

Involvement of the internal jugular vein or transverse sinus and temporal bone fracture may represent 

sensitive features of tVST predisposing to refractory ICP issues, while extrinsic compression of a sinus 

alone was found to be protective.    
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Feasibility And Safety of Targeting an Optimal Cerebral Perfusion Pressure as a Patient - Tailored 

Therapy in Severe Traumatic Brain Injury: COGiTATE Phase II Study 

Erta Beqiri; Peter Smielewski; Joseph Donnelly; Jeanette Tas; Manuel Cabeleira;  Joanne Outtrim; Chiara 

Robba; Christian Ruud van Kaam; Cornelia Wilhelmina Elisabeth Hoedemaekers; Bart Depreitere; Geert 

Meyfroidt; Marek Czosnyka; David Menon; Peter J. Hutchinson; Marcel Aries; Ari Ercole 

Department of Physiology and Transplantation, Milan University, Milan, Italy 

 

Introduction 

Monitoring cerebral autoregulation in traumatic brain injury (TBI) patients can indicate an individual 

cerebral perfusion pressure (CPP) target for which autoregulation is best preserved (CPPopt): this offers 

a precision medicine approach with hypothetical advantage over the current ‘one size fits all’ strategy. 

Large retrospective data suggest that managing CPP close to CPPopt has a benefit in outcome. A 

prospective evaluation of CPPopt guided therapy is needed, but before performing an outcome study it 

is necessary to assess the feasibility and safety of such a protocol. The primary objective of COGiTATE 

(CppOpt GuIded Therapy Assessment of Target Effectiveness) is to demonstrate feasibility of 

individualising CPP at CPPopt in TBI patients, expressed as the percentage of monitoring time for which 

CPP is within 5 mmHg of regularly updated CPPopt targets during the first 5 days of Intensive Care Unit 

(ICU) admission. Secondary objectives are to investigate the safety (increases of the Treatment Intensity 

Level) and physiological effects of this strategy (changes in autoregulation indexes, organ function 

parameters). 

Methods 

COGiTATE is a phase II non-blinded, randomised controlled trial currently ongoing in the ICU of 

Cambridge, Leuven, Nijmegen and Maastricht. Severe TBI patients requiring intracranial pressure 

directed therapy, are enrolled in the first 24 hours after ICU admission and allocated into two groups. In 

the intervention group the CPP target (CPPopt) is calculated using a (modified) algorithm previously 

described by Liu X et al. 2017 and clinically reviewed 4-hourly. The control group uses a fixed CPP target 

(60-70mmHg). 

Results 

Patient re

have been recruited so far. 

Conclusions 

Randomising between a fixed and variable CPP is feasible. After completion of recruitment and follow 

up in terms of assessment of safety and physiological parameters, we will consider progressing to a 

phase III study. 
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T Cell and Monocyte Expression after Acute Traumatic Brain Injury: A Pilot Flow-Cytometry Study 
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Schretzenmair; Ramon Diaz-Arrastia; Jonni S. Moore 

University of Pennsylvania, Department of Neurology, Philadelphia, PA, United States 

 

Introduction 

Selective reduction of non-classical monocytes has been associated with reduced neutrophil activation 

in murine traumatic brain injury (TBI) models. Similarly, CD4-/CD8- T cells or double negative T-cells 

(DNT) may exacerbate ischemic brain injury. This study sought to assess the expression of peripherally 

isolated T-cells and monocytes after acute TBI. 

Methods 

All patients admitted with primary TBI to the Neurotrauma ICU between November 2017 and November 

2018 were eligible for study. Consent was obtained and blood samples were obtained within 24 hours of 

injury. Samples were compared to healthy age- and sex- matched controls. Conventional flow cytometry 

techniques gating on All patients admitted with TBI to the Neurotrauma ICU between November 2017 

and November 2018 were eligible for study. Consent and blood samples were obtained within 24 hours 

of injury. Samples were compared to healthy age- and sex- matched controls. Conventional flow 

cytometry techniques, gating on CD3+ and CD14+ were employed to identify T-cell and monocyte 

populations, respectively. Data were analyzed using cytometric fingerprint binning and t-SNE 

embedding, which captures the set of multivariate probability distribution functions and generates maps 

that facilitate quantitative comparisons. 

Results 

8 patients were compared to 10 controls. After computational analysis, 27 distinct T-cell phenotypes 

were identified, of which 11 were statistically significantly different between patients and controls 

expressed as a fraction of CD3+ cells. Three of these eleven subsets had a CD4-/CD8- (double negative) 

phenotype that were depressed among patients: CD4-/CD8-/CD127+ 0.00058% versus 0.0060%, 

p=0.008; CD4-/CD8-/161+ 0.0009% versus 0.0080%; p=0.013; CD4-/CD8-/127+/161+ 0.008% versus 

0.046%; p=0.003. There was a three-fold decrease in the fraction of Type 3, non-classical monocytes in 

patients than in controls [0.068 (IQR 0.037-0.103) versus 0.02 (IQR 0.0175-0.028); p=0.04]. Similar 

patterns in monocyte expression were observed for the 3 patients who had repeat analysis at 72 hours. 

Conclusions 

In this preliminary study, there were notable reductions in DNT populations and non-classical monocytes 

in patients with acute TBI, which may suggest recruitment to the CNS. Prior studies suggest that DNT 

play a critical role in the perpetuation of cerebral ischemia after acute stroke and that type 3 monocytes 

modulate neutrophil-

warranted.  
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Expression of Extracellular Vesicles After Acute Traumatic Brain Injury: A Pilot Flow-Cytometry Study 
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Introduction 

Much of the secondary injury that occurs after traumatic brain injury (TBI) results from coagulation 

derangements related to disseminated intravascular coagulation (DIC). Extracellular vesicles (EVs) are 

small (0.1–

transduction. EVs are released from all cell types, including platelets, endothelium, and granulocytes 

which are responsible for DIC. We hypothesized that specialized flow cytometry techniques could 

identify a unique EV signature of DIC in acute TBI. 

Methods 

3 EV fluorescence panels were created assessing for endothelial cells (CD 144+, CD 105+), platelets (CD 

41, CD41a+, CD 42b+), erythrocyte markers (CD 235+) as well as brain specific biomarkers (S100b).  

Using a modified flow cytometry instrument for detection of small particles, side scatter signal is used to 

estimate EV size. Samples were treated with triton, which disrupts vesicular membranes, abolishing EVs. 

Samples were prepared in Trucount tubes with a known number of lyophilized beads, which enabled the 

determination of the plasma volume. All combinations of positive/negative expression were counted. 

Results 

There was no significant difference in the total number of EVs in the panels between the 11 patients and 

7 controls. Of 84 combinatorial analyses in the first EV panel, the following were significantly elevated 

after Bonferroni correction: CD31+/CD144+ 6.89 EVs/uL plasma v 0 controls (Wilcoxon rank sum 

p=0.009); CD 105+/CD144+ 7.64 EVs/uL plasma v 0.41 controls (p=0.04); CD235+/CD41a+ 3433.6 EVs/uL 

plasma v 501.1 controls (p=0.009). Brain biomarkers were also elevated: S100b 32581.7 EVs/uL plasma 

v. 2688.6 controls (p=0.004). 

Conclusions 

evaluate whether this expression correlates with secondary microvascular brain injury.  S100B EVs 

(membrane bound, not free soluble protein) are significantly elevated in TBI patients; if reproducible, 

the significance of this remains to be elucidated. 
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Assessment of Preoperative Risk Factors for the Development of Postoperative Diabetes Insipidus in 

Patients Undergoing Transsphenoidal Craniotomy 

Amanda L. Faulkner; Patrick Codd; Lauren Gratian; Wendy Pan; Dhanesh Gupta; Colleen Moran Naglee 

Duke University, Durham, NC, United States 

 

Introduction 

Diabetes insipidus (DI) following transsphenoidal craniotomy may lead to significant metabolic 

derangements. Serum sodium imbalances are frequent and important; both hypo- and hypernatremia 

can be devastating neurologically. A project aimed at improving DI management through predictive 

assessments and DDAVP protocols could potentially improve patient outcomes. However, few 

predictors for the postoperative development of DI have been reported. 

Methods 

After institutional IRB exemption, the records of 121 patients undergoing endonasal transsphenoidal 

craniotomy between July 2015 and December 2018 were retrospectively reviewed. Demographics, 

preoperative medical or radiologic diagnoses, medications, and laboratory values as well as 

intraoperative blood loss, urine output, and DDAVP administration were assessed for correlation with 

the incidence of postoperative development of DI using logistic regression. 

Results 

Development of postoperative DI was defined as postoperative DDAVP administration and/or DDAVP 

use upon or after discharge from hospital. 17 of the 121 patients developed postoperative DI. Patients 

0.037, and 0.047, respectively). Similarly, patients with increased intraoperative blood loss, increased 

intraoperative volume administration,  nd intraoperative DDAVP or vasopressin administration were 

also more likely to develop postoperative DI (p-

with logistic regression modeling adjusted for associations between outcome and potential risk factors, 

patients having a documented or clinical suspicion for a preoperative endocrinopathy had seven times 

higher odds of developing postoperative DI compared to their peers (p-value 0.111, 95% CI 1.571-

33.151). 

Conclusions 

In 

administration, and DDAVP were independently associated with an increased risk of postoperative DI; 

the odds of postoperative DI were seven times higher in patients with a documented or clinical suspicion 

findings. 
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Mechanical Thrombectomy in the Oldest of the Old: A Propensity Score-matched Analysis. Is 90 the 

New 60? 
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Farkas; Karthikeyan Arcot; Jennifer A. Frontera 
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Introduction 

The 5 seminal mechanical thrombectomy (MT) trials had a median age of 68 years. Though some of 

these trials included nonagenarians, there is little data on their outcomes. We aimed to compare the 

procedural, discharge outcomes and complications, of MT for acute ischemic stroke (AIS) in 

 

Methods 

Patients with AIS admitted to two comprehensive stroke centers were enrolled prospectively in a 

MT, 

procedural outcomes, complications, and discharge disposition were compared in propensity score-

matched groups (matched for NIHSS, pre-stroke mRS, IV-

defined as a discharge to home/acute 

rehabilitation. 

Results 

Of the 3010 AIS patients, 46/297 (16%) nonagenarians underwent MT compared to 159/1337 (12%) 

69) were propensity score-matched with a median admission NIHSS of 22 and 19, and median ASPECTS 

(84% vs 50%, P=0.035), whereas ICA (10% vs 13%, p=0.76), and M2 (21% vs 43%, p=0.19) occlusions 

were similar between the two groups. Time to groin puncture (100±65 vs 76±34; p=0.124), 

revascularization time (134±72 vs 110±54; p=0.145), complication rates (0 vs 5.1%; p=0.494) and in-

hospital deaths (11% vs 24%; p=0.155) were similar among the two groups. 44% of nonagenarians had 

 

Conclusions 

We present one of the largest series of MT among nonagenarians with 89% successful recanalization 

rates. In propensity score analysis almost half of nonagenarians (44%) were discharged to home/rehab, 

which is comparable to a younger cohort (51%). Aggressive management is warranted in the oldest of 

the old. 
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Factors Associated With Early Neurologic Deterioration (END) In Critically Ill Ischemic Stroke Patients 
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Morris; Gunjan Parikh; Wendy Chang; Neeraj Badjatia 
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Introduction 

Early neurologic deterioration (END) occurs in up to one third of stroke patients and is associated with 

poor outcome. No consistent definition of END exists regarding degree of NIHSS decline and timeframe. 

We evaluated the definition of END, predictive factors, and 90 day outcomes in a cohort of critically ill 

stroke patients. 

Methods 

This study is a retrospective review of consecutive ischemic stroke patients with NIH stroke scale (NIHSS) 

intervention factors were obtained. END was defined as a delta NIHSS > 2 at 24 hours from admission. 

Reperfusion was defined as a Thrombolysis in Cerebral Infarction (TICI) score of >2b, cerebral edema 

treatment as any ICP-lowering therapy, and poor outcome as mRS >3 at 90 days. Multivariable logistic 

regression analyses were performed to assess factors associated with END and poor outcome. 

Results 

183 patients (median age 67 years, 50% women, median NIHSS 20) met study criteria. 23% experienced 

END. Admission NIHSS, administration of tPA, receipt of intraarterial therapy, and successful reperfusion 

were not associated with END. END was independently associated with older age (P=0.036), sex 

(p=0.043), and treatment of cerebral edema (P=0.039) after adjusting for cerebral herniation and 

tracheostomy. Poor outcome was associated with older age (P=0.001), higher delta NIHSS (P<0.001), not 

receiving tPA (P=0.015), and placement of percutaneous endoscopic gastrostomy tube (P=0.006). END 

patients had a higher median 90 day mRS (P<0.001). 

Conclusions 

END as defined by a delta NIHSS > 2 at 24 hours predicts poorer outcome, but was not associated with 

tPA or intraarterial therapy, which contrasts with prior literature. This variance could be attributed to 

the END timeframe defined as 24 hours rather than the typical 48-

samples sizes and comparison of END timeframes could clarify observed findings. 
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Hemostatic Efficacy and Anti-FXa Reversal With Andexanet Alfa in Spontaneous Intracranial 

Hemorrhage 

Joshua N. Goldstein; Andrew M. Demchuk; Elena Zotova; Juliet Nakamya; Patrick Yue; Truman J. Milling, 

Jr.; John T. Curnutte; John W. Eikelboom; Mark Crowther; Stuart J. Connolly 

Massachusetts General Hospital, Harvard Medical School, Boston, MA, United States 

 

Introduction 

Andexanet alfa (coagulation factor Xa [recombinant] inactivated-zhzo) is a recombinant modified human 

 

Methods 

ANNEXA-4 was a single-arm, prospective, open-label study of andexanet in patients presenting with 

major bleeding within 

patients with spontaneous intracranial hemorrhage (ICH). Brain imaging was performed at baseline, and 

at 1 and 12 hours post andexanet treatment. Subdural hemorrhage (SDH) thickness and ICH volumetric 

analysis was performed using Quantomo software. Co-primary efficacy outcomes were change in anti-

 

Results 

Of 352 patients enrolled in ANNEXA-4, nontraumatic ICH was present in 128 patients, including 

intracerebral +/- intraventricular in 99 patients, subarachnoid in 5 patients and subdural in 14 patients. 

In this cohort, mean age was 78 years (SD 9.2)

administration was 11.9 hours (IQR 7.9-15.3); median time from symptoms to CT was 2.6 hours (IQR 1.2-

2.7); and median time from CT to andexanet administration was 1.8 hours (IQR 3.8-17.5). Median 

intraparenchymal volume was 9.5 mL (IQR 3.9-21.3). Among 99 efficacy evaluable patients (baseline 

anti- -

treatment overall. In patients treated <2 hours after baseline imaging, hemostatic efficacy was 82.5%; 2-

3 hours after baseline imaging, 70.8%; >3 hours, 75.0%. Within 30 days, death occurred in 24 patients 

(18.2%). 

Conclusions 

Andexanet reduced anti- - or apixaban-associated nontraumatic 

intracranial bleeding and with a high rate of hemostatic efficacy up to 12 hours after treatment. 
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Stereotactic Intracerebral Hemorrhage Underwater Blood Aspiration (SCUBA) Improves Mortality 

After Intracerebral Hemorrhage 

John W. Liang; Rui Song; Jignesh Patel; Rupendra Swarup; J. Mocco; Christopher P. Kellner 

Icahn School of Medicine at Mount Sinai, Department of Neurosurgery, New York, NY, United States 

 

Introduction 

Spontaneous intracerebral hemorrhage (ICH) is associated with high rates of mortality. Multiple scoring 

systems exist however the original ICH score remains most commonly used. We hypothesize that 

patients undergoing SCUBA, compared to medically managed patients, would have lower 30-day 

mortality than predicted.  

Methods 

We performed a retrospective observational cohort study of consecutive nontraumatic spontaneous ICH 

patients treated at a single, tertiary care, academic center from December 2015 to June 2018. Patients 

for each patient based on the admission ICH score. 

Results 

A total of 100 ICH patients were included. The median age was 60 (Q1=53, Q3=73), GCS 10 (7, 13), and 

NIHSS 17 (13, 22). Sixty-three were deep hemorrhages and 43 had intraventricular hemorrhage. Median 

pre-operative volume was 40.9ml (27.8, 64.3). The expected 30-day mortality was 34.7% while the 

observed mortality was 9%. On 180-day follow up, a mRS of 0-3 was seen in 46% of patients. 

Conclusions 

Patients undergoing SCUBA have an absolute risk reduction of 25.7% in mortality than predicted by the 

ICH score. Good outcome to moderate disability, defined as mRS 0-3, was achievable in almost half the 
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Clinical Factors Associated with the Achievement of Hemostatic Efficacy in Patients With Intracranial 

Hemorrhage: An ANNEXA-4 Sub-Study 

Mauricio Concha; Patrick Yue; John T. Curnutte; Sonia Souza; Juliet Nakamya; Stuart J. Connolly; Andrew 

M. Demchuk 

Comprehensive Stroke Center, Sarasota Memorial Hospital, , United States 

 

Introduction 

Andexanet (coagulation factor Xa [recombinant] inactivated-zhzo), a specific reversal agent for factor Xa 

9% of patients with major bleeding in 

the ANNEXA-4 trial. However, little is known about the clinical factors associated with a hemostatic 

response in patients with intracranial hemorrhage (ICH) receiving andexanet. 

Methods 

ANNEXA-4 was a prospective, single-arm, open-label study of andexanet in patients with acute major 

treatment was rated by an independent adjudication committee as excellent, good, or poor/none based 

on pre-specified criteria. All ICH patients with evaluable HE were included in the analysis. Univariate and 

indication for anticoagulation, baseline anti-

anti-platelet use, time from last dose to andexanet (and other time intervals), neurologic function, and 

hematoma characteristics were performed to identify factors predictive of HE. 

Results 

Of 227 ICH patients enrolled, 219 (96.5%) had evaluable HE. In patients with ICH, baseline anti-

time from symptoms to andexanet were all significantly associated with HE. In multivariate analysis, 

time from last dose (12.3h for excellent/good; 8.4h for poor/none), time from symptoms to andexanet 

(7.0h for excellent/good; 4.4h for poor/none), and time from symptoms to scan (3.8h for 

excellent/good; 1.6h for poor/none) were independently associated with HE. 

Conclusions 

In ICH patients treated with andexanet in the ANNEXA-4 study, various time intervals were predictive of 

hemostatic efficacy. These findings suggest that shorter time intervals are associated with lower HE and 

are consistent with the known relationship between time from symptoms and the risk of hematoma 

expansion. 
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Subarachnoid Hemorrhage Leads to Persistent Alterations in Resting State Functional Connectivity and 

Cognitive Deficits in Mice 

David Y Chung; Gina Jin; Andrea Harriott; Sreekanth Kura; Fumiaki Oka; Sanem Aykan; Tao Qin; William 

J. Edmiston; Hang Lee; David A. Boas; Mohammad A. Yaseen; ; Michael J. Whalen; Cenk 

Ayata 

Massachusetts General Hospital, Department of Neurology, Boston, MA, United States 

 

Introduction 

Alterations in functional connectivity are associated with persistent cognitive deficits in survivors of 

aneurysmal subarachnoid hemorrhage (SAH), but causation remains unknown. Therefore, we sought to 

and behavior could be assessed. 

Methods 

We used functional optical intrinsic signal imaging to measure spontaneous hemodynamic fluctuations 

-operated (n=10) and SAH (n=11) mice. 

We tested behavior using the Morris water maze, open field test, Y-maze, and rotarod. Timepoints were 

from 4 days to 3 months. We used the anterior prechiasmatic injection model of SAH. 

Results 

0.13), and visual cortex (0.24 vs. 0.15) at day 4 following sham procedure or SAH, as measured by the 

proportion of brain surface with a correlation coefficient >0.5 (sham vs. SAH, respectively, p<0.05). 

-independent 

ng SAH. A global connectivity index remained decreased 

until 1 month following SAH (0.42 vs. 0.37, p<0.01). An interhemispheric connectivity index was also 

he 

hidden platform test on the Morris water maze (p=0.045) and open field test (34 vs. 14 m, p=0.034) at 

approximately 2 weeks. There were persistent deficits on the Y-maze for at least 3 months (59% vs. 48% 

alternation, p=0.028 with repeated measures at 1 and 3 months). There was no significant effect of SAH 

on rotarod performance. 

Conclusions 

disease. 
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Safety and Feasibility of Neuromuscular Electrical Stimulation and High-Protein Supplementation 

Acutely After SAH (NCT03201094) 

Rachel Hausladen; David Hering; Joseph Haymore; Gabriella Judd; Stephanie Sanchez; Neeraj Badjatia 

Neurocritical Care Advanced Practice Providers; University of Maryland Medical Center, Baltimore, MD, 

United States 

 

Introduction 

We studied whether high-protein supplementation (HPRO) and neuromuscular electrical stimulation 

(NMES) after subarachnoid hemorrhage (SAH) could be a safe and feasible approach to reduce muscle 

wasting and improve long term recovery. 

Methods 

assigned to standard of care (SOC) or NMES + HPRO. NMES was delivered to bilateral quadriceps and 

gastrocnemius muscles during two 30-minute sessions daily along with HPRO (goal 1.8 g/kg/day) 

between post bleed day (PBD) 0 and 14. Tolerability was measured during each NMES session by 

assessing for agitation or discomfort. Safety measurements included increased heart rate, blood 

pressure, or intracranial pressure (when monitored) during NMES. Stimulation sites were assessed after 

each NMES for muscle injury or skin trauma. HPRO tolerability was assessed by monitoring for gastric 

retention or emesis. Safety measures included aspiration and evidence of acute kidney injury. NMES and 

HPRO were discontinued if subjects refused. The goals were to administer at least 80% of NMES and 

HPRO. Muscle wasting was assessed with serial CT scans of the thighs. 

Results 

Twenty-five subjects (SOC=13, NMES + HPRO=12) participated with no differences in baseline 

characteristics (58 years old, 68% women, 50% HH>3). Median intervention days were 12 (range: 9–14), 

with 98% of NMES sessions completed. Two subjects had transient muscle soreness but no other 

adverse events. No adverse events were associated with HPRO. The HPRO group received 83% of the 

goal and more protein than SOC (mean difference: 0.63+/- 0.17g/kg/d, P<0.01).  Muscle atrophy at PBD 

14 was greater in SOC group (6.7+/-3.2% vs 2.8+/-2.9%, P=0.01). 

Conclusions 

NMES and HPRO are safe and feasible after SAH.  A larger pilot study is underway to understand 

whether NMES and/or HPRO may beneficially impact neuromotor recovery after SAH. 
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Early Elevation of Plasma and CSF Lipocalin-2/NGAL is Associated with Poor Neurofunctional Outcome 

Following Subarachnoid Hemorrhage 

Fang Yu; Aisha Saand; Sherry Chou 

University of Pittsburgh, Pittsburgh, PA, United States 

 

Introduction 

Lipocalin-2 (NGAL) is released by activated neutrophils and astrocytes and mediates neuro-inflammation 

and iron regulation in hemorrhagic stroke models. Blood NGAL is an early biomarker in human ischemic 

L and neurofunctional 

outcome in SAH patients. 

Methods 

Magnetic Luminex Assay, R&D Systems) and assessed modified Rankin Scale (mRS) every 3 months. 

Patients with renal or severe liver dysfunction, active malignancy or intracranial infections were 

excluded. Poor outcome is defined as mRS>2. Vasospasm was defined as >50% reduction any vessel 

caliber on cerebral angiogram. Continuous variables were compared with Student’s t or Wilcoxon rank 

sum test depending on data distribution. One-way ANOVA was used for multi-group comparison. 

Results 

SAH cohort has mean age of 55.1 years, 69% women, 48% with poor 3-month outcome and 55% 

developed vasospasm. Higher plasma NGAL on post- -

SAH days 1-3 (p=0.05) and 5 (p=0.017) are associated with poor 3-month outcome. Higher plasma NGAL 

on post-

and 

NGAL on post-SAH days 1- –0.0063) 

 

Conclusions 

Early elevation of plasma NGAL on post-SAH day 1 is associated with vasospasm and poor 3-month 

-SAH 1-5 are associated with poor 3-month outcome. Larger 

population studies are needed to validate plasma NGAL as a potential SAH biomarker. 
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Comparison of Antifibrinolytic Therapy for Prevention of Aneurysmal SAH Rebleeding 

Jessica Traeger; Byron HIlls; Michael DeGeorgia; Jason Makii 

University Hospitals Cleveland Medical Center, Cleveland, OH, United States 

 

Introduction 

Patients with aneurysmal subarachnoid hemorrhage (aSAH) are at risk of rebleeding prior to aneurysm 

obliteration. While placebo-controlled studies have shown that administration of either -aminocaproic 

acid (EACA) or tranexamic acid (TXA) can decrease rebleeding, there has not been a comparison of the 

two in this patient population. Because of a national shortage of EACA in 2017, our hospital changed  to 

TXA. The purpose of this study is to describe the outcomes of aSAH patients treated with either EACA or 

TXA. 

Methods 

This is a retrospective chart review of patients who presented with an aSAH between 4/1/16 and 

3/31/19 and were treated with either EACA or TXA to prevent aneurysm rerupture. Descriptive statistics 

were used. 

Results 

There were 43 patients with aSAH who received EACA and 45 who received TXA. The groups were 

EACA group and 86.7% in the TXA group. The average time from admission to drug initiation was 6.0 ± 

3.8 hours in the EACA group and 4.8 ± 4.0 hours in the TXA group. No patient in either group 

experienced aneurysm rerupture after receiving the drug.  Similar numbers of patients in both groups 

had cerebral ischemia (EACA: 23% vs. TXA: 24%) and extracranial thrombosis (EACA: 7% vs. TXA: 9%). 

Although TXA is known to lower the seizure threshold, we found no increased incidence of seizures 

(EACA: 28% vs. TXA 13%). There was a modest cost difference in favor of TXA vs. EACA. 

Conclusions 

There does not appear to be any major differences in outcomes in patients with aSAH treated with 

either EACA or TXA for the prevention of aneurysm rerupture and a slight cost savings favoring TXA. A 

larger prospective study is required to confirm these results. 
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Screening for Biomarkers in Aneurysmal Subarachnoid Hemorrhage Using a Random Forest Model 
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Corinne Inauen; Friederike Selge 

Neurocritical Care Unit, University Hospital Zurich, Switzerland, Zurich, Switzerland 

 

Introduction 

Outcome prediction after aneurysmal subarachnoid hemorrhage (aSAH) is based on scores, which are 

determined once at admission. However, the occurrence of delayed ischemic neurological deficits 

(DIND) depends on multiple concomitant and continuously changing factors. The goal of the study was 

to establish an automated analysis pipeline to predict DIND from multimodal data. 

Methods 

Multimodal data (patients’ history, imaging and laboratory values among others) from 105 patients with 

aSAH were analyzed. DIND was defined as new ischemia or perfusion deficits in native or contrast-

enhanced CT/MRI and/or cerebral vasospasm in conventional, CT-/MR-angiography. A ranking of the 

features was performed by univariate regression analysis. Only cases with <10% of missing values were 

included in the model. Among the 412 tested features, the top 26, with a false discovery rate <0.01, 

were selected. Missing values were imput

random forest machine learning algorithm was applied. The performance of the prediction was 

estimated on the fly by predicting the observations that were not used for building the tree (“out-of-

bag”) across all trees. 

Results 

The final data matrix contained 464 events described by 26 features from 67 patients. In the final model, 

the out-of-bag estimate of error rate was 23%, which reflected a 77% accuracy. The importance plot for 

different features revealed the importance of some parameters known in the context of inflammatory 

response, which is linked to the pathophysiological cascade leading to DIND. These included counts of 

leucocytes, monocytes, neutrophils, and lymphocytes. However, other laboratory parameters, such as 

zinc and selenium, appeared to be of high importance in the model, which was somewhat unexpected. 

Conclusions 

Machine learning algorithms may be helpful to filter out predictive features from a large number. These 

features might be subsequently investigated regarding their predictive value on the occurrence of DIND 

after aSAH. 
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Myeloperoxidase in Delayed Cerebral Injury (DCI) After Subarachnoid Hemorrhage (SAH) Mediates 

Neuronal Damage by Affecting Neuronal Firing 

Jose Javier Provencio; Aminata P. Coulibaly; Joshua A. Kulas; Petr Tvrdik; Heather A. Ferris 

University of Virginia Departments of Neurology and Neuroscience, Charlottesville, VA, United States 

 

Introduction 

Innate inflammation is a recognized mediator of DCI after SAH.  We have shown that neutrophils and 

the neutrophil-derived enzyme, myeloperoxidase (MPO), mediate memory deficits in DCI. How MPO 

affects memory is unclear. There is evidence that MPO, and its substrate H2O2, may act through 

astrocytes or directly on neurons. Here we test MPOs action on astrocytes and neurons. 

Methods 

Primary neuronal and astrocyte cultures were developed from WT and C57BL/6Thy1-GCaMP3 mice. To 

test if MPO or H2O2 are toxic to neurons or astrocytes, cells were incubated with MPO (0.8u/ml), H2O2 

(0.0012%), and MPO/ H2O2 and evaluated with Live/Dead cell viability assay (Thermofisher). To test if 

neuronal firing is affected by MPO, the same experimental conditions were examined in C57BL/6Thy1- 

GCaMP3 using video microscopy. Neuron activation was stimulated with KCl (final concentration 

10mM). 

Results 

Addition of H2O2 led to death in neurons and astrocytes. MPO did not affect cell death in either group. 

Interestingly, MPO/ H2O2 showed less cell death than H2O2 alone suggesting a neuroprotective benefit 

of MPO. In neurons, KCl administered to untreated neurons led to continuous firing as evidenced by 

intense calcium signal. MPO addition did not change the firing rate when compared to baseline. After 

2.5 hours of MPO pretreatment, activation with KCl showed a suppressed firing rate suggesting neuronal 

depression. The addition of MPO/ H2O2 showed the same firing rate suppression as MPO alone. 

Conclusions 

This study suggests that MPO acts directly on neurons to decrease function.  In our model of neutrophil-

induced development of DCI, MPO is released in the meninges, diffuses to the brain parenchyma and 

acts directly on neurons to affect memory. This needs to be tested more thoroughly in an in vivo model 

of SAH. How MPO specifically affects memory in neurons is an area of interest in our laboratory. 
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Evolution of Epileptiform Discharges After Subarachnoid Hemorrhage Predict Delayed Cerebral 

Ischemia 
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Patel; Siddharth Biswal; M. Brandon Westover 

Massachusetts General Hospital, Dept of Neurology, Boston, MA, United States 

 

Introduction 

Delayed cerebral ischemia (DCI) is a feared complication of subarachnoid hemorrhage (SAH), leading to 

worse outcomes. Electroencephalography (EEG) provides a useful, continuous monitoring tool for DCI 

risk (Claassen 2004; Kim 2017; Rosenthal 2018) and late-onset epileptiform discharges (ED) have high 

predictive value for DCI (Kim 2017; Rosenthal 2018). However, optimal parameters to assess ED 

contribution to longitudinal DCI risk are unknown. We hypothesize that the evolution of ED frequency 

after SAH can provide early identification of those at high DCI risk. 

Methods 

We analyzed continuous EEGs from 124 patients with moderate to severe aneurysmal SAH. ED were 

identified using a commercial detection algorithm (Scheuer 2017).  We calculated ED frequency (per 

hour) after SAH and compared mean ED frequencies between DCI and control patients. We also 

evaluation, we performed group based trajectory analysis (GBTM) and calculated hourly receiver 

operating curves (ROC). 

Results 

ED rates were higher in both DCI and control groups during the clinical DCI “risk period” of day 3-14. 

Overall mean ED frequency were significantly higher in DCI patients (t-test, p=0.03), including only pre-

DCI ED assessment (t-test, p<0.01). Hourly mean ED rates remain higher in DCI patients from days 2-13. 

Using GBTM, we identified three distinct trajectories associated with DCI (79%, 52%, 37%, p=0.01), with 

group number selection optimized based on Bayesian Information Criteria. Hourly area under the ROC 

(AUC) calculations of ED frequency yielded a maximum performance of 0.78. 

Conclusions 

Natural history of ED frequency in all SAH patients coincides with the “high risk” time-period of DCI. 

Patients with DCI have higher mean frequencies that remain elevated throughout this DCI risk period. 

GBTM and AUC calculations suggest longitudinal analysis of discharge frequency can differentiate DCI 

risk, but integration of other waveform characteristics are needed to optimize prediction. 
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Association of Timing to Aneurysm Repair and Mortality in Subarachnoid Hemorrhage – A Multicenter 

Prospective Study 

Pedro Kurtz; Bruno Gonçalves; Carla Rynkowski; Ricardo Turon; Thayana Santos; Marco Prazeres; Fabio 

Miranda; Fernando Bozza; Cássia Righy 

Paulo Niemeyer State Brain Institute, Rio de Janeiro, Brazil 

 

Introduction 

Aneurysmal subarachnoid hemorrhage (SAH) has high morbidity and mortality. Time to aneurysm repair, 

whether earlier or later in the course of the disease, may impact outcomes. However, optimal timing 

remains controversial. Our goal was to describe the association between time to aneurysm repair and 

mortality and functional outcome. 

Methods 

This study was conducted in two reference centers – one in Rio de Janeiro and one in Porto Alegre

July 2015 to March 2019, every adult patient admitted to the ICU with aneurysmal SAH was enrolled in 

the study. Data were collected prospectively during the hospital stay. Patients were divided into four 

groups according to the moment of aneurysm repair after bleeding: <3 days, 4 to 8 days, >8 days and 

not repaired. The primary outcome was in-hospital mortality. Dichotomous variables were analyzed 

using two-

mortality as the reference group (4 to 8 days). 

Results 

A total of 437 patients were included. Median age was 55 years, mostly female (73%). In the univariate 

analysis hydrocephalus, rebleeding, postoperative neurological deterioration (up to 48 hours after 

procedure), delayed cerebral ischemia, as well as mortality and poor outcome, were associated with the 

different timing of aneurysm repair. In the multivariate model for mortality, poor grade SAH, 

hydrocephalus, post-procedure neurological worsening and DCI were independently associated with 

higher mortality. Additionally, late repair was associated with lower mortality (OR 0.4) as compared with 

occlusion between 4 to 8 days. 

Conclusions 

Our study shows higher mortality in patients submitted to aneurysm occlusion procedure between days 

4 and 8 after ictus, when compared to late repair. More studies are needed to define the best timing of 

aneurism repair in patients that are not submitted to early occlusion. 
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Soluble ST2 is an Inflammatory Biomarker Associated with Epileptiform Activity after Aneurysmal 

Subarachnoid Hemorrhage 

India Lissak; Sahar F. Zafar; M. Brandon Westover; Jennifer A. Kim; W. Taylor Kimberly; Eric S. Rosenthal 

Massachusetts General Hospital, Department of Neurology, Boston, MA, United States 

 

Introduction 

The biological mechanisms that influence abnormal cortical neurophysiology after aneurysmal 

subarachnoid hemorrhage (SAH) are uncertain. We hypothesized that soluble ST2 (sST2), a plasma 

marker of the innate immune response, is associated with events of electroencephalography (EEG) 

deterioration including new epileptiform abnormalities (EAs) or new EEG background deterioration. 

Methods 

-approved biospecimen repository, we evaluated patients with at least 3 days of 

EEG monitoring and an early sST2 measurement (collected <5 days following SAH). EAs were defined as 

sporadic epileptiform discharges, lateralized rhythmic delta activity (LRDA), lateralized periodic 

discharges (LPD), or generalized periodic discharges (GPD). Background deterioration was defined as 

decreasing Alpha Delta Ratio (ADR), Relative Alpha Variability (RAV) or worsening focal slowing. The 

association between sST2 level and EEG-identified EAs or new background deterioration was compared 

using the Wilcoxon Rank sum test. 

Results 

46 patients met inclusion criteria. Early sST2 was collected at mean 3.5±0.9 days after SAH; 23 patients 

had a subsequent sST2 measurement at 10±2.5 days. 17 (37%) patients developed new EAs during EEG 

monitoring, 21 (46%) developed new background deterioration, and 8 (17%) developed neither. Median 

sST2 in patients developing new EAs was higher (114.8 ng/ml [IQR 73.8-196.8]) than in patients who did 

not develop new EAs (74.7 ng/ml [IQR 44.8-101.5], p=0.024). This association between elevated sST2 

and new EAs was not present for sST2 samples collected at later time points.  There was no difference in 

sST2 levels between patients who developed new background deterioration (75.7 ng/ml [IQR 44.5-120]) 

compared with those who did not (80.1 ng/ml [IQR 65.5-174.6], p=0.56). 

Conclusions 

Among patients admitted with aneurysmal SAH, elevated sST2 in the first 5 days is associated with the 

development of new EAs on EEG monitoring. This association was not present at later time points, 

suggesting that the early inflammatory response may be linked to abnormal cortical neurophysiology. 
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Characterizing the Time Course of Early Inflammatory miRNA Biomarker Changes in a Model of Kainic 

Acid-induced Status Epilepticus 

Katrina Peariso; Richard K. Lacher; Durgesh Tiwari; Christina Gross 

Cincinnati Children's Hosptial Medical Center, Cincinnati, OH, United States 

 

Introduction 

Glial-mediated inflammation occurring early after status epilepticus (SE) in rodent models has been 

implicated in the subsequent development of spontaneous recurrent seizures (SRS). While this suggests 

anti-inflammatory strategies may be a target for therapeutic intervention, the appropriate timing for 

such an intervention is unclear. The aim of this work is to define the timing of early inflammatory 

changes using pro-inflammatory miR-155 and anti-inflammatory miR-146a as biomarkers in a kainic acid 

mouse model of SE. 

Methods 

SE was induced in 7-8 week old male C57BL/6J mice (n=5 per timepoint) using intraperitoneal injections 

of 30 mg/kg kainic acid. The onset of SE was defined as the first Class 3 seizure using a modified Racine 

Scale. The intensity of the SE episode was estimated by the total number of discrete class V seizures 

observed. After 2 hours, the SE was aborted with diazepam, and hippocampal tissue was harvested at 3 

hr, 18 hr, 24 hr, 48 hr and 72 hr. RNA was isolated using TRIzole (Life Technologies) followed by qRT-PCR 

analysis to define the steady-state expression levels of miR-155 and miR-146a and their targets, SOCS1 

 

Results 

We observed a >4 fold increase in expression levels of miR-155, reaching peak levels at 18 hours.  

Expression levels of miR-155 directly associated with the intensity of SE. The level of SOCS1 mRNA 

expression decreases after the peak expression of miR-155. As the levels of miR-146a were only 

 

Conclusions 

miRNA-155 expression shows an early increase within 3 hours of SE, reaching a peak at 18 hours. miR-

146a shows a non-

miR-155 initiated after SE to determine if this can prevent the development of SRS. 

49/341



S50 Neurocrit Care (2019) 31:S1–S341

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 38 

Diagnostic And Predictive Value Of Electroencephalography With Ten Electrodes 
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Introduction 

In urgent neurological settings, electroencephalography (EEG) with a reduced number of electrodes 

might be a timely alternative to traditional EEG. We compare the utility of reduced montage EEG (rm-

EEG) using 10 lateral electrodes with that of full montage traditional EEG (fm-EEG). 

Methods 

We retrospectively collected 212 adult EEGs recorded at Massachusetts General Hospital and studied 

the accuracy of epileptologists reading the first 4 hours of these EEGs that were digitally reduced to rm-

EEG formats. We also studied the value of the first 4 hours of rm-EEG in predicting seizures in the 

subsequent fm-EEG recordings. 

Results 

Of 117 EEGs with seizures identified in the first four hours of fm-EEG, readers of rm-EEG agreed with the 

presence of seizures, periodic patterns or isolated epileptiform activity in 111 (95%) cases and labeled 

clear seizures in 77 (69%) cases without access to clinical, trending or video information that were 

available to original readers of fm-EEG. Among the 95 EEGs without seizures in the first four hours of fm-

EEG, readers of rm-EEG identified 92 (97%) cases as having no seizure activity. When discordant cases 

were reviewed in fm-EEG and rm-EEG, high concordance (95%) and intra-rater agreement (93%) were 

documented. Lastly, the detection of epileptiform abnormalities in the first four hours of rm-EEG was 

associated with increased odds of subsequent seizures during conventional EEG monitoring (OR 12.19, 

95% CI 3.94-41.37). 

Conclusions 

Reduced montage EEG may present a useful triage method for detecting pathological abnormalities and 

identifying high-risk patients who will benefit from continuous long-term EEG. 
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Serial Neurologic Assessment in Pediatrics (SNAP): A New Tool for Bedside Neurological Assessment of 
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Introduction 

Nurses routinely screen for changes in neurologic status with serial clinical assessments. The objective of 

this study was to employ mixed methods to determine inter-rater reliability (IRR), protocol adherence, 

and acceptability of a new tool we developed called Serial Neurologic Assessment in Pediatrics (SNAP) 

compared to the Glasgow Coma Scale (GCS). 

Methods 

SNAP assesses mental status, cranial nerves, communication, and four-extremity motor 

function/strength, with scales for children <6-months, 6-months to 2-ye -years-old. SNAP was 

designed for use in a diverse population, including patients who are intubated, sedated, and/or have 

developmental disabilities. IRR of independent SNAP assessments by pairs of trained nurses was 

assessed with multilevel Cohen’s kappa and linear weighted kappa, calculated through clustered 

bootstrap method to account for multiple assessments. We assessed protocol adherence with 

standardized observations. We conducted semi-structured interviews to assess acceptability and 

feas

We thematically analyzed interviews in accordance with modified grounded theory framework. 

Results 

45 critical care nurses performed 387 paired SNAP assessments on 299 patients (148 <6-months; 91 6-

months to 2- -years). There was substantial agreement between nurses (average 

kappa=0.7 <6-months; 0.8 6-months to 2- -years), and IRR was unchanged for children who 

were intubated, sedated, and/or had developmental disabilities. IRR was unchanged based on degree of 

experience using SNAP and for day vs. night-shift nurses. Nurses had 100% protocol adherence. SNAP 

was easier to use and more precise at describing neurologic status of patients who were intubated, 

sedated, and/or had developmental disabilities than GCS. 88% of nurses preferred to use SNAP over 

GCS. 

Conclusions 

When utilized by nurses, SNAP has substantial IRR, excellent protocol adherence, and is acceptable and 

feasible to i

neurologic decline. 
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A Longitudinal Study Of Gender Parity Trends In The Neurocritical Care Society 

Asma M. Moheet; Victoria A. McCredie; Sarah L. Livesay; Shraddha Mainali; Jody Manners; Denise H. 

Rhoney; Susanne Muehlschlegel 

OhioHealth Riverside Methodist Hospital, Neurocritical Care, Columbus, OH, United States 

 

Introduction 

Several studies demonstrate significant gender disparities in professional societies for critical care and 

neurology, but data for neurocritical care is lacking. We examined gender representation trends within 

the Neurocritical Care Society (NCS), the largest international professional society for this subspecialty. 

We hypothesized that female representation has increased with achievement of gender equality in 

2018. 

Methods 

A multidisciplinary writing group obtained approval from the NCS Executive Committee and 

endorsement by the Women in Neurocritical Care (WINCC) section. After review by the Rush University 

IRB, access was granted for the following rosters: general membership, Board of Directors, Officers, 

committees, Annual Meeting speakers, grant, fellowship and other award recipients. We differentiated 

between female, male and unidentified gender. 

Results 

Available membership rosters from 2005 listed 524 members, with gender unknown for >75%.  In 2018, 

of 2633 members 37.6% were females, 49.2% males, and 13.3% unidentified. As of 2018, 3/17 

presidents (17.6%) and 4 -2018, female 

committee members increased from 15% to 47%; female committee chairs increased from 18% to 48%. 

To date, 1/15 (6.6%) Christine Wijman Young Investigator awardees were female with no female 

recipients of the Best Scientific Abstract Award (2007-2018).  36% of Presidential Citation awardees 

-

80% from 2011- e representation in guidelines writing groups 

ranged between 5%-75% (2015-2017), and 9-45% in consensus statements writing groups (2011-2016). 

-43% (2003-

awardees were women. 

Conclusions 

Within the NCS, a longitudinal increase in female representation has occurred over the last 19 years but 

gender equality has not been achieved. We recommend focused efforts to facilitate inclusion and 

gender equity within NCS. 
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Insuring the Integrity of Clinical Registries: An Example of Cleaning a Large Multicenter Neurologically 

Ill Patient Database 

Aardhra M. Venkatachalam; Anjali Perera; Sonja Stutzman; DaiWai Olson; Venkatesh Aiyagari 

UT Southwestern Neurology, Dallas, TX, United States 

 

Introduction 

With the push toward using large data sets in critically ill patients, the use and management of registries 

is becoming more relevant. Clinical registries provide insight about associations and patterns in 

diagnosis, disease, and treatment.  The integrity of the data is of utmost importance. This poster 

describes the quality control and data management methods for maintaining the integrity of a 

multicenter trial Registry. 

Methods 

We employed modifications to Van Den Broeck’s method of data organization to clean and manage the 

END-PANIC registry. The data management consisted of five phases: 1) Screening phase, 2) Data 

Organization , 3) Diagnostic phase, 4) Treatment phase, and 5) Missing data phase. The screening phase 

consisted of distinguishing missing and extraneous data elements, outliers, inconsistent 

patterns/distributions and unexpected analysis results. The data organization phase consisted of 

treating blank cells and highlighting errors with data input. The diagnostic phase was used to clarify the 

true nature of the data points, and make sure the data presented was biologically possible. The 

treatment phase consisted of correcting variables. The missing data phase consisted of determining 

whether the missing data was informative or noninformative. 

Results 

Currently the multi-center registry houses ~3.5 million discrete data points from 3,272 patients. There 

was a high correlation between the Texas, Ohio and California locations, and NPi, DVL, CVL, MCVL, and 

Pupil Size. There was a low correlation between the Texas, Ohio and California locations, and Pupil 

Latency and presence/absence of cataracts. Missing data was informative for age, race and ethnicity, 

and distribution of missing data caused an inquiry into methods for collecting data and implementation 

plans for change. 

Conclusions 

This interdisciplinary method for cleaning and managing the END PANIC registry was able to identify and 

rectify errors. We would recommend others to use the methods to build, clean and manage clinical 

registries. 
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Neurocritical Care Quality Improvement Practices: A Survey of Members of the Neurocritical Care 

Society 

Abhijit Lele; Navaz Karanjia;Michelle Hill; Debra E. Roberts; Casey Olm-Shipman; Keith Dombrowski; 

Julius Gene S. Latorre; Michael J. Souter; Asma M. Moheet 

University of Washington, Harborview Medical Center, Anesthesiology and Pain Medicine, Seattle, WA, 

United States 

 

Introduction 

Objective was to describe current state of quality improvement (QI) processes implemented in 

neurocritical care units (NCCU). 

Methods 

A 27-question-survey was sent to 2000 members (physician, nurses, and pharmacists) of the 

Neurocritical Care Society. We describe factors affecting the presence of NCCU QI, barriers to QI, 

awareness of stroke (STK, CSTK), stroke get with the guidelines (GWTG), trauma quality improvement 

program (TQIP) and American Academy of Neurology (AAN) performance measures, and examined 

factors affecting satisfaction with current practices. 

Results 

The response rate was 22.5%; 73.7% of respondents were from US teaching hospitals, 87.9% practiced 

in dedicated neurocritical care units, and 43.4% in a program with a neurocritical care fellowship. 44.6 % 

reported a dedicated NCCU QI program. Comprehensive stroke center (RR 1.7, 95% CI 0.92-3.13, p = 

0.09), dedicated NCCU (RR 2.0, 95% CI 0.83-4.83, p = 0.07), and NCC fellowship programs (RR 1.41, 95% 

CI 0.99-2.02, p = 0.06) were more likely to report dedicated NCC QI staff. External ventricular drain 

infection was the most commonly tracked NCC QI metric (69.6%). Respondents indicated the highest 

level of awareness for CSTK (87.5%), STK (81.8%), and GWTG (81.8%), but indicated a relative lack of 

awareness for TQIP (42.7%), and AAN (46.2%) perform

satisfaction with existing NCC QI were: presence of a hospital QI program (RR 8.81, 95% CI 1.30-59.7), p 

= 0.0004), presence of a formal NCC QI program (RR 4.33, 95% CI 1.47-12.7), p = 0.0003, and dedicated 

NCC QI staff (RR 2.23, 95% CI 1.51-3.32), p < 0.001). Insufficient hospital (57.7%) and departmental 

support (36.5%) were reported common barriers to the successful implementation of an NCCU QI 

program. 

Conclusions 

A dedicated staffed NCCU QI program occurs in a minority of neurocritical care units, and the lack of 

such programs may lead to clinician dissatisfaction. Institutional and departmental support may be 

critical elements of a successful and satisfactory implementation of NCCU QI. 
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Effect of Nurse Driven Structured Rounding Model to Improve Team Communication in the Neuro ICU 

Giuliana Labella;, Caitlin Harley; Dennis Caliguri; Matthew Vibbert; Syed Omar Shah; Maryanne 

McCarrin 

Thomas Jefferson University Hospital; Neuro ICU, Philadelphia, PA, United States 

 

Introduction 

The development and implementation of a nurse driven rounding model was instituted in the Neuro ICU 

of an academic medical center to increase effectiveness of team communication, practice autonomy and 

integration of nursing input into the interprofessional care plan. 

Methods 

Clinical nurses and neuro-intensivists developed a structured rounding tool to guide the nursing 

presentation of clinical information on rounds. The interprofessional team underwent education on 

expectations and processes. The rounding tool underwent a number of revisions over a 24-month 

period based on feedback from all team members and evolving patient care priorities. All team member 

roles in the rounding process were clearly defined with nursing leading patient assessment and goals.  

Nursing satisfaction surveys assessed nursing attitudes regarding autonomy, decision making and RN-

MD communication via a 5 point Likert scale; mean values for each question domain were compared 

pre- and post-implementation. 

Results 

In total, 106 nursing surveys were analyzed, 44 pre-implementation and 62 nurses post- 

implementation. Mean response values evidenced significant improvement across all domains in the 

post-implementation group:  Autonomy (3.70 vs 4.31, p<0.01), RN Decision Making (3.16 vs 4.04, 

p<0.01), RN-MD Communication (3.77 vs 4.36, p<0.01). Survey participation was good in both groups 

(68% pre- and 78% post-implementation). 

Conclusions 

Nursing satisfaction across multiple important domains improved following implementation of a nurse 

driven structured rounding model. Application of a nurse-facilitated, structured model creates a 

standardized reliable process that can be observed by all team members in order to deliver data driven, 

high quality, efficient and effective care. 
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Creating a Robust Community of Practice as a Foundation for the Successful Development of a 

Pediatric Neuro-intensive Care Unit 

Jennifer Lee Erklauer; Satid Thammasitboon; Matthew Musick; Lara Shekerdemian; James Riviello; Yi-

chen Lai 

Baylor College of Medicine/Texas Children's Hospital, Deptartment of Pediatrics, Sections Critical Care & 

Neurology, Houston, TX, United States 

 

Introduction 

Multiple models for program development and care delivery in pediatric neurocritical care (PNCC) have 

been proposed with varying degrees of success. Here we present a unique model for building a 

dedicated pediatric neuro-intensive care unit (PNICU) through creation of a community of practice 

(CoP).  CoP represents a mechanism for collective learning and production of repertoire of best practices 

through knowledge sharing, development of social capital, and support for organizational change. 

Methods 

We utilized a Bolman and Deal 4-frame for organizational functioning (Structural, Human Resources, 

Political, Symbolic) to describe the development of our PNCC CoP. We evaluated our PNICU with the 

standards outlined by the Neurocritical Care Society (NCS) for a Level 1 neuro-intensive care unit. 

Results 

Structural factors included forming PNCC leaders across specialties (neurology, critical care, 

neurosurgery, radiology, nursing), opening (in 2018) a state-of-the-art, unique PNICU which includes 

wired rooms for continuous EEG monitoring and multimodal neuro-monitoring, meeting 137/140(98%) 

of NCS standards. Human resource factors included creating core groups of physicians and nurses with a 

primary role in PNICU, providing ongoing education through workshops, lecture series, and certification 

including ENLS and TNCC, meeting 74/105(70%) of NCS standards. Politically, a PNCC fellowship-trained, 

board-certified physician serves as medical director coordinating conception of collaborative 

partnerships across multidisciplinary experts. Simultaneous creation of other specialty cohorts in 

pediatric critical care aided in departmental acceptance for the program, meeting 4/4(100%) of NCS 

standards.  Symbolically, we set forth our shared purpose and strong commitment to foster CoP that 

advances knowledge and best practices for PNCC.   

Conclusions 

Using CoP principles, we have accomplished many of the NCS standards over a relatively short period of 

time. We plan to further develop the program with particular focus on education, certification, and 

expansion to include allied health professionals. Our roadmap may be applicable to any institution 

interested in developing a PNCC CoP/PNICU. 
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Reducing Duration and Cost of IV Antihypertensive Infusions in Critically Ill Patients with Intracerebral 

Hemorrhage 

Kassi Kronfeld; Adam MacLellan; Nick Murray; Hans Ang; Elizabeth Fox; Alicia Wilson; Karen Hirsch; 

Zachary Threlkeld 

Stanford University, Department of Neurology, Division of Neurocritical Care, Palo Alto, CA, United 

States 

 

Introduction 

Intravenous (IV) anti-hypertensive infusions are often used acutely in patients with intracerebral 

hemorrhage (ICH). There is a lack of standardization of titration and variation in goal blood pressure, and 

therefore their use is associated with increased ICU length of stay (LOS) and cost. We examined the use 

of anti-hypertensive infusions in ICH patients in our institution and developed a quality improvement 

intervention to reduce duration of infusion, ICU LOS, and cost. 

Methods 

Patients were included if they were admitted to our ICU from September 2017- March 2019 with an ICD-

10 diagnosis of non-traumatic ICH and received IV antihypertensive infusions. Interventions introduced 

starting in November 2018 included interdisciplinary task force formation, provider education, updated 

rounding checklist, and EMR order with clear blood pressure target. The primary outcome measure was 

duration of anti-hypertensive infusions determined by retrospective chart review, and secondary 

outcome measures of ICU LOS and cost data were obtained from our finance department. 

Results 

Over 5 months, mean antihypertensive infusion duration reduced from 54.2 hours (n=66) to 37.9 hours 

(n=29). ICU LOS reduced from 3.35 to 3.0 days. Proportion of cases with discordant blood pressure goal 

documentation reduced from 46.0% to 24.1%, while discordance in documented goals to actual orders 

reduced from 57.1% to 27.6%. There were no significant increases in countermeasures (infusion 

restarts, ICU readmission, and AKI due to blood pressure lowering). Extrapolating from finance data, and 

our baseline infusion duration and ICU LOS data, IV antihypertensive infusions cost ~$36/hour. Our 

improvement suggested $17017 in estimated cost savings in 5 months. ICU accommodation cost was 

approximated at $262/hour, for an estimated $63823 additional cost savings. 

Conclusions 

A quality improvement based intervention targeting management of hypertension resulted in reduced 

duration of anti-hypertensive infusions, ICU LOS, and cost. The intervention was feasible and ongoing 

data collection is warranted to assess sustainability. 
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Understanding the Resuscitation Codes and Goals of Care Options Among Admitted Stroke Patients 

versus the General Population: A Cross-sectional Study 

Omar M Hussein; Mohammad Hamed; Blake Cox; Matthew Trotta; Khalid Sawalha; Diana Greene-

Chandos 

The Ohio State University Wexner Medical Center, Columbus, OH, United States 

 

Introduction 

Mortality and long-term-disabilities secondary to stroke are high. Educating high-risk population with 

early stroke symptoms has been outstanding. However, education of post-stroke consequences 

(requiring resuscitation codes and goals-of-care awareness) is lagging. This study evaluates the 

understanding of such concepts by the admitted stroke patients (high risk population) and visitors 

(general population). 

Methods 

501 participants (182 stroke and 319 visitors) were asked to answer a preliminary question about their 

original code status then read a self-explanatory sheet followed by revealing their revised code and 

goals-of-care choices. We used within-group logistic-regression-analyses to determine changes of codes 

among original coders and types of novel codes among post-survey coders. This included proposition of 

new short-term resuscitation (STR-STRP [partial]) codes. We used between-group chi-square-analyses to 

determine differences in education between groups. 

Results 

The odds of changes in no-coders were 2.429, 4.957 in patients and visitors, (p-value= 0.001, <0.0001) 

respectively. The odds of changes in DNR-coders=0.265, 0.151, partial-coders= 0.353, 0.277, full-coders= 

0.073, 0.043 times those of the no-coders respectively (p-value< 0.00001). The odds of novel-DNR-

coders= 1.429, and 3.696, novel-STRP-coders= 70, 299, novel-STR-coders=140, 379.5, novel-partial-

coders= 25.7, 54.625, novel-full-coders= 5.3, 6.851 times those of novel-no-coders respectively (p-

value< 0.00001). STR-coders originated from other-codes> no-coders. Between-group analyses showed 

42%, 52% of patients versus visitors changed their code status respectively (p-value= 0.04519). Goals-of-

care choices indicated tolerance towards temporary measures (Tracheostomy and feeding-tube 

placement) and hemiplegic disabilities without poor mentation among the majority (~53-77%) as a 

target for continuing care. Pre-event (stroke) documentation of code status was approved among the 

majority of participants (58%). 

Conclusions 

There is a misunderstanding of the resuscitation codes among both admitted stroke patients and 

general population. However, the difference between both indicates reception of some education 

among the stroke patients. STR-STRP are a good alternatives for many people. Pre-event documentation 

-stroke outcome awareness are needed. 
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Early Palliative Integration in Neurocritical Care Patients: A Prospective Study 
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Hinduja 

The Ohio State University, The Department of Neurology, Columbus, OH, United States 

 

Introduction 

Early integration of palliative care improves communication, decision-making and social support in 

patients with acute stroke in the neurocritical care unit. The primary objective of this study was to 

analyze how early palliative involvement impacts communication between the healthcare team and 

patients/families. 

Methods 

In this ongoing prospective study, patients with moderate to severe ischemic and hemorrhagic strokes 

were randomized into control and intervention arms. The control arm received routine ICU care and the 

intervention arm received an early palliative care consultation. Study assessments with the patient or 

surrogate decision maker were obtained at day 1-3, and day 5-7 of ICU care. Comparisons were made 

for total scores on the Questionnaire on Communication (QOC), Decisional Conflict Scale (DCS), and 

Hospital Anxiety and Depression Scale (HADS).  We performed an interim analysis utilizing the Student’s 

T-Test and Chi -Square Test on SPSS 25, with results below as mean + standard deviation. 

Results 

Of 13 patients enrolled (7 intervention and 6 control), 50% and 44% were female (p = 0.07).  The 

average age was 61 + 12 and 65 + 11 years (p = 0.52).  The majority (83% and 57%) were ischemic 

strokes (p = 0.503).  Admission NIHSS was 16 + 8 and 13 + 8 (p = 0.35). There was no difference in total 

QOC (67 + 41, 87 + 19, p = 0.26), HADS (18 + 7, 17 + 7, p = 0.79), or DCS (31 + 24, 37 + 20, p = 0.59) 

scores.  When comparing responses to individual questions, a trend toward improvement in QOC 

responses was observed “Using words you can understand” (p = 0.05) and “Answering all questions 

about illness” (p = 0.08). 

Conclusions 

Early integration of palliative care may improve communication between healthcare providers and 

patients/families, specifically with regards to using appropriate language that is understandable. 
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Reducing Routine Daily Chest X-Rays in the Neurosciences Intensive Care Unit: A Quality Improvement 

Initiative to Promote Value-Based Care Delivery 

Cinthia Pi; Rachel Degrange; Richard Gandee; Mandy Hatfield; Marissa Navarroli; Helen Nester; Casey 

Olm-Shipman 

University of North Carolina School of Medicine, Chapel Hill, NC, United States 

 

Introduction 

Routine daily chest radiographs (CXR) in mechanically ventilated patients (MVP) are often performed in 

the ICU for “monitoring” purposes, despite lack of specific indications. Routine daily tests are of 

questionable value and may increase costs without clinical benefit. The Society for Critical Care 

Medicine and Choosing Wisely Campaign promote indication-based test ordering. Studies involving 

medical-surgical ICUs demonstrate that indication-based versus routine daily CXRs in MVPs results in 

cost-savings without jeopardizing outcomes.  We implemented a quality improvement initiative 

targeting reduction of routine daily CXRs in MVPs in the NSICU. 

Methods 

We convened an interprofessional team of attending physicians, fellows, medical students and nurse 

practitioners. We conducted educational campaigns promoting evidence-based CXR utilization practices. 

Standardized discussion of indication for CXR was incorporated into rounds. Iterative process 

improvements were adopted beginning June 2018. CXR utilization rates in MVPs were measured the 

first 12 weeks of 2017, 2018 and 2019 and compared pre/post-intervention. Hospital length of stay 

(HLOS) was evaluated to monitor for complications resulting in prolonged hospitalization. 

Results 

Between January 2017 and March 2019, 3502 CXRs were ordered in MVPs. The average number of CXRs 

in MVPs per 1000 ventilator days significantly decreased during the first 12 weeks of the year from 863 ± 

78 (95% CI 785 to 941) in 2017 and 924 ± 96 (95% CI 828 to 1020) in 2018 (pre-intervention) to 513 ± 

104 (95% CI 408 to 617) in 2019 (post-intervention). This reduction was not accompanied by an increase 

in HLOS (16±3 days [95% CI 13 to 19] in 2017, 19±3 days [95% CI 16 to 23] in 2018, and 19±3 days [95% 

CI 16 to 22] in 2019). 

Conclusions 

Implementation of indication-based ordering strategies decreased CXR utilization in MVPs in the NSICU 

without increasing HLOS. Value-based care quality improvement initiatives can reduce costs without 

compromising clinical outcomes. 
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Victor Lin; Winnie Lau; Casey Olm-Shipman 

University of North Carolina School of Medicine, Department of Neurology, Chapel Hill, NC, United 
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Introduction 

Patients transferred from NSICU to lower acuity units are vulnerable to readmissions and hospital 

acquired complications. Standardized handoffs may help reduce this risk within academic institutions 

where physician trainees possess varying levels of clinical experience. We sought to implement a 

standardized handoff (I-PASS) within inpatient Neurology, focusing on high risk patient populations. 

Residents and attendings were surveyed about inpatient handoff practices to inform implementation of 

I-PASS. 

Methods 

An electronic survey was administered in 2018 to residents and inpatient attendings in Neurology at 

University of North Carolina (UNC). Handoff practices among inpatient services (Wards, Consults, NSICU, 

and Epilepsy) were evaluated. Surveys assessed perceived quality of handoffs, as well as problems with 

handoffs leading to adverse events. Surveys were sent to 30 physicians (19 residents, 11 inpatient 

attendings); 21 responses (12 residents, 9 inpatient attendings) were obtained (response rate, 70.0%). 

Results 

-six percent of residents and 81% of attendings reported that problematic handoffs had been the 

primary or contributing factor to one or more adverse events. Overall quality of handoffs involving 

NSICU patients transferred to lower acuity units was reported as a concern, with 50% of residents 

indicating the quality of these handoffs to be poor. In ranking inpatient services for prioritization of 

handoff interventions, 69% of residents identified NSICU handoffs as either their first or second highest 

priority. We also found residents exhibited a self-performance bias, with 84% reporting that they 

provided all pertinent information during handoffs most of the time, and only 22% reporting that they 

received all pertinent information during handoffs most of the time. 

Conclusions 

Inpatient handoffs are perceived as problematic by residents and attendings, with handoffs involving 

transfer of NSICU patients identified as high priority for targeted intervention. UNC Neurology has since 

implemented I-PASS protocols to improve the safety of handoffs involving NSICU patients. 
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Implementation of a Multidisciplinary Education Program to Improve Targeted Temperature 
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Stanford University, Department of Neurology, Division of Neurocritical Care, Palo Alto, CA, United 

States 

 

Introduction 

Targeted temperature management (TTM) to 33-36c is the standard of care for post-cardiac arrest 

patients. Recent literature has demonstrated a new trend of worsening morbidity and mortality post-

arrest due to under-utilization of TTM.  Management of post-arrest patients is a multidisciplinary health 

care effort, and knowledge of TTM rationale and protocol varies. Normothermia (37-37.5c) also could 

have neuroprotective benefit in other clinical scenarios and is another indication for TTM.  We 

hypothesized that a focused educational intervention would improve TTM protocol compliance. 

Methods 

A multidisciplinary team developed a standard educational presentation and a 10 question exam given 

as a pre- and post-test to residents, fellows, and critical care nurses. Baseline data on TTM use was 

established followed by 6 month prospective data collection post-intervention. Data was extracted from 

Arctic Sun® machines on all TTM cases (post cardiac arrest and normothermia). The primary outcome 

was compliance with the TTM protocol measured by correct temperature target goals and appropriate 

duration, assessed by chi-square analysis. The secondary outcome measure was individual score 

improvement, evaluated by 1-variable students T test. 

Results 

There was a total of 62 TTM cases pre-intervention, and 51 TTM cases post intervention. There was a 

trend toward increased TTM protocol compliance (29% to 43%), however this was not statistically 

from pre-test (n=54) to post-test (n=43) after the education presentation (P<0.0001, CI 2.48 to 3.52) 

among all health care participants. The resident, fellow, and nursing scores increased from 57% to 88%, 

62% to 90%, and 70% to 86%, respectively. 

Conclusions 

Educational interventions for physicians and nurses caring for post-cardiac arrest and neurocritical care 

patients improved knowledge gaps and helped improve compliance with TTM protocol. Additional 

education and process improvement activities are warranted to further improve protocol compliance, 

which may improve patient outcome. 
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Triage Factors Associated with ICU Level of Care Following Intracerebral Hemorrhage 
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Traynor; Michael Armahizer; Melissa Motta; Gunjan Y. Parikh; Neeraj Badjatia; Wan-Tsu W. Chang; 

Nicholas A. Morris 

Program in Trauma, Departments of Neurology, Emergency Medicine, University of Maryland School of 

Medicine, Baltimore, MD, United States 

 

Introduction 

Identifying the appropriate level of care needed for a patient presenting with acute intracerebral 

hemorrhage (ICH) is often imprecise. The utility of prior work in triaging patients is limited by exclusion 

of non-primary ICH patients, which is often difficult to determine prior to admission. This study aims to 

identify which admission factors are associated with ICU level of care on presentation. 

Methods 

This is a single-center retrospective review of patients admitted to our institution with ICH in 2018, 

regardless of etiology. All patients were admitted to the neurocritical care unit (NCCU). ICU level of care 

was defined as the need for mechanical ventilation, administration of vasoactive or insulin infusions, 

continuous renal replacement therapy, ventriculostomy, treatment of cerebral edema, temperature 

management, management of status epilepticus, or neurosurgical intervention. Logistic regression was 

used to identify characteristics associated with ICU level of care. 

Results 

183 patients (median age 62, 49% female, median admission GCS 10, median ICH volume 22 mL, 55% 

with IVH, 48% lobar, 19% infratentorial) were admitted with ICH. 141 (77.1%) required intensive care. 

The most common interventions required were mechanical ventilation (100 patients, 69.9%), anti-

hypertensi

with need for intensive care included age (62 vs. 60), admission GCS (9 vs. 15), deep location of ICH 

(36.4% vs. 15.6%), ICH volume (28 mL vs. 8 mL), and presence of IVH (61.0% vs. 33.3%). On multivariate 

analysis, age (p = 0.01), admission GCS (p < 0.001), and deep location (p = 0.05) were independently 

associated with the need for intensive care. 

Conclusions 

Among all patients presenting with ICH, age, admission GCS, and location of hemorrhage may help 

identify ICH patients who need ICU level of care. 
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Impact of the Emergency Neurological Life Support Course on Provider Knowledge and Self-Reported 

Comfort in the Management of the Neurocritically Ill in Cambodia 

Ariana Simone Barkley; Jonathan Medina-Beckwith; Seang Sothea; Sopheak Pak; Abhijit V. Lele 

University of Washington, Department of Neurological Surgery, Seattle, WA, United States 

 

Introduction 

The impact of Emergency Neurological Life Support (ENLS) course on provider knowledge and self-

reported comfort in management of neurocritically ill patients in a low-middle income country such as 

Cambodia is unknown and explored in this study. 

Methods 

In-person ENLS courses with English to Khmer translated slides were conducted in 2 hospitals in Phnom 

Penh, Cambodia in May, 2019. Wilcoxon Signed Rank test and matched paired t-test were used to 

examine pre and post- course scores on translated knowledge-based multiple choice tests. A descriptive 

analysis was performed to evaluate provider comfort in management of neurocritically ill patients pre 

and post-course and amongst individual ENLS modules. 

Results 

Overall, 52/57 healthcare providers participated; 27 (52.9%) physicians and 25 (47.1%) nurses. Thirty-

three (73.3%) had acquired base specialty training in Cambodia, 23 (51.1%) had completed subspecialty 

training in critical care medicine and 31 (68.9%) previously cared for neurocritically ill patients. Pre-test 

sores were 50% [IQR21]; post-test scores were 53.8% [IQR 15]. Though not statistically significant, post-

test scores were higher for providers who had base specialty training in Cambodia (54.8 % vs. 49.9%, p = 

0.06), subspecialty training in critical care medicine (55.7% vs. 50.7%, p = 0.06) and previous experience 

caring for neurocritically ill patients (54.9 % vs. 50%, p = 0.06). Most (82%, n = 37) reported that ENLS 

training had prepared them for management of neurocritically ill patients. 

Conclusions 

ENLS courses may enhance the knowledge and comfort of healthcare providers in managing 

neurocritically ill patients in low-middle income countries, however this may depend on prior experience 

and minimizing language barriers. The impact of ENLS courses on outcomes in neurocritically ill patients 

in low-middle income countries warrants further study. 
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Nursing Knowledge in Managing Neuro-emergencies: A Survey Based Study 

Karan Amlani; Sonia Nelson; Elka Riley; Zachary Hickman; Christopher P. Kellner; Fawaz Almufti; Nirit 

Weiss; Golda Bohaene; Joshua Bederson; James Mocco; Neha S. Dangayach 

Icahn School of Medicine at Mount Sinai, Department of Neurosurgery, New York, NY, United States  

 

Introduction 

Neurocritical care has become increasingly subspecialized.Yet, due to limited availability of dedicated 

Neurocritical Care units (NCCUs), often patients may need to be admitted to ICUs other than NCCUs. 

This survey based study was conducted to explore self-reported knowledge in  recognizing and 

managing some common neurological emergencies such as stroke, status epilepticus, raised intracranial 

pressure etc  among critical care nurses at a Comprehensive Stroke Center. 

Methods 

In January 2019, we engaged 240 nurses from 8 ICU units in this QI project-which included medical, 

surgical, neurocritical care, cardiac and cardiothoracic units as well as post-anesthesia care unit (PACU) 

and interventional radiology units. Using institutional RedCap anonymized surveys were sent to the 

nurses.Information on demographic and critical care work experience was recorded. All participants 

answered questions with a likert type scale on their knowledge of several common neurological 

emergencies. 

Results 

240 Nurses (199 females, 41 males) participated in the survey. 112 (58%) had been working in an ICU for 

3 years or longer. Their self-reported level of knowledge in managing neurological emergencies revealed 

that more than half the participants did not feel comfortable managing patients with EVDs, ICH, SAH, 

raised intracranial pressure, TBI and traumatic spine injury patients. More than 70% of Nurses were not 

satisfied with their current level of training to deal with neuroemergency and supported the need for 

dedicated training/ study time. 

Conclusions 

ICU nurses report gaps in fundamental knowledge in recognizing and managing common 

neuroemergencies. This highlights the need for providing ongoing training and education about 

neuroemergencies to critical care nurses to help maintain competencies. 
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Effectiveness of Standardized Patient versus Manikin in Simulation-Based Education of Neurocritical 

Care Concepts: A Pilot Study 

Catherine SW Albin; Emil Petrusa; James Gordon; Deepa Malaiyandi; Sahar Zafar 

Massachusetts General Hospital, Neurology, Boston, MA, United States 

 

Introduction 

Simulation training has been increasingly adopted in critical care specialties to promote active learning 

and create a reproducible platform for feedback. The role of advanced simulation as a core component 

of training in neurocritical care remains unclear, which may be due to uncertainty about the degree of 

fidelity needed. Our objective was to determine if trainee knowledge and/or confidence differs when 

using standardized patients as compared to a multi-media simulation platform in a Neurocritical Care 

Concepts training course. 

Methods 

20 junior neurology residents engaged in 3 simulated neurologic emergencies: a right MCA stroke case, 

status epilepticus case, and a pontine hemorrhage/coma case. The MCA stroke and status epilepticus 

cases were portrayed by trained standardized patients for half of the residents (Group SP), while the 

other half interacted with the manikin supplemented with video clips of pertinent neurologic exam 

findings (Group MV). Both groups interacted with the manikin for the pontine hemorrhage/coma case.  

Before and after the course, residents completed a 40-question multiple-choice test on management of 

neurologic emergencies and a survey about their confidence in managing 15 neurologic emergencies. A 

detailed task checklist was used to assess decision making during the simulations. 

Results 

Both resident groups had statistically significant higher knowledge and confidence scores after their 

training sessions (Knowledge: pre: 49% vs post: 72%, p<0.001; Confidence: average pre: 0.98 to post: 

2.01, p<0.001). However, there was no statistically significant difference between the two groups in 

either knowledge or confidence. The task checklist demonstrated significant variations in treatment 

practices and provided individualized areas for teaching. 

Conclusions 

This pilot study suggests that trainees’ knowledge and confidence in the management of neurocritical 

care concepts increases following simulated encounters, regardless of whether an actor-patient or 

multi-media simulation platforms is used. Use of a task checklist uncovered important variations in 

protocol adherence among novice physicians. 
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Improving Knowledge and Comfort in Clinical Brain Death Testing in Neurology Residents and 

Attendings Utilizing Both Didactic and Simulation Exercises: A Quality Improvement Study 

Justin Donaghy; Connie Ge; Marcey Osgood; Wiley Hall; Rafaella Umeton; Susanne Muehlschlegel 

University of Massachusetts Department of Neurology, Worcester, MA, United States 

 

Introduction 

The accurate evaluation and determination of brain death has broad consequences on life-saving organ 

donation, closure for families, and length-of-hospital-stay. We have observed a concerning variability of 

brain death testing knowledge and comfort amongst neurology attendings and trainees at our 

institution. We aimed to create and apply a combined didactic and simulation training program to 

increase the knowledge and comfort in brain death evaluation, using our approved institutional brain 

death policy as reference. We hypothesized that participants who attended the training would show a 

measurable increase in their knowledge and comfort in the clinical evaluation of brain death. 

Methods 

An experienced neurointensivist (>15 years of clinical practice) presented a 1-hour didactic session on 

brain death criteria, evaluation, and pitfalls to neurology residents and attendings. A high-fidelity 

simulation was implemented to allow practicing the brain death examination. Knowledge and comfort 

levels were measured before and after learners had attended both sessions using electronic 

-Exact-tests were applied to examine changes in 

knowledge and comfort in brain death testing pre- and post-exposure to the educational sessions. 

Results 

27 participants (9 residents, 18 attendings) completed pre-exposure, and 12 (3 residents, 9 attendings) 

have completed post-exposure questionnaires thus far. Knowledge significantly improved from pre- to 

post-exposure (59% correct, range 18-91% improved to 76% correct, range 64-91%; p=0.0002). Comfort 

levels in performing the brain death examination pre-exposure also increased from pre- to post-

exposure (pre: “Very Comfortable-30%”,“Somewhat Comfortable-37%”,”Neutral-7%”,”Somewhat or 

Very Uncomfortable-26%” to post: “Very Comfortable-50%”, “Somewhat Comfortable-33%”,”Very 

Uncomfortable-17%” [p=0.005]). 

Conclusions 

Exposure to a single combined didactic and simulation session improved the knowledge and comfort 

levels immediately post- -exposure questionnaire 

response rates, as well as measurements of knowledge retention over a 3- and 12-month period and 

accurate application in practice. 
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Guideline for Early Mobility in the Neuro ICU: An Interdisciplinary Approach 

Marie Newkirk; Ariane Lewis 

NYU Langone Health, New York, NY, United States 

 

Introduction 

The safety and benefit of early mobilization in general intensive care units (ICU) has been found to 

improve outcome and decrease length of stay.  However, there is a lack of literature on early 

mobilization in the Neuro ICU (NICU) specifically, due to the complexity of the patients in the NICU and 

their disease processes. Traditionally, patients were kept on bedrest after subarachnoid hemorrhage, 

intracerebral hemorrhage, ischemic stroke, and neurotrama, due to neurologic limitations such as 

fluctuation in mental status, requirement for sedation and paresis. Additional challenges associated with 

mobility in this population include the potential for positional changes to impact intracranial pressure 

Physician comfort level and concern for adverse neurological outcomes such as vasospasm or increased 

bleeding also decrease mobilization. While it is imperative to be cautious with NICU patients, prolonged 

bedrest and restricted mobility come with its own set of complications including muscle atrophy, 

decreased activity tolerance, delirium, pressure sores, nosocomial infections and deep vein thromboses.  

We sought to develop an early mobilization guideline that would help multidisciplinary staff identify 

which patients in the NICU should be mobilized early.  

Methods 

A NICU physical therapist and the director of the NICU identified criteria for patients who were 

appropriate/inappropriate for early mobilization. 

Results 

All patients in the NICU should be mobilized early with the exception of the following exclusion criteria: 

unstable respiratory status, status epilepticus, contraindication to holding sedation, Rass -4, 

changing/worsening neuro exam, ICP > 20mm Hg, mean arterial pressure <65 or >110mm Hg, oxygen 

saturation < 88%, acute myocardial infarction, >2 vasopressors, clinical vasospasm, perfusional state, 

 

Conclusions 

Guidelines on early mobilization in the NICU can optimize patient mobility while minimizing 

complications associated with mobilization. 
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Implementating Nurse-Facilitated Rounds in the Neurocritical Care Unit 

Angel Echols; Tamara Strohm; Susan Yeager; Dorina Harper; Kelsi Bryan 

The Ohio State University Wexner Medical Center, Columbus, OH, United States 

 

Introduction 

delivery, nurses must develop leadership skills and serve as full, collaborative partners with physicians 

and health professionals (2011). Registered nurse (RN) inclusion into rounds has been shown to: 

improve interdisciplinary collaboration, incorporate learning in the workplace, increase leadership skills 

and improve team members' perception of unit flow and culture. 

Methods 

Attending physicians, RNs, Neurocritical Care fellows, nurse practitioners, pharmacists and respiratory 

therapists were surveyed via SurveyMonkey to examine opinions regarding current rounding processes 

and potential opportunities in the Neurocritical Care Unit (NCCU). Responses were aggregated to create 

scores for each topic, with the priority areas being the lowest relative scores based on a 5-point Likert 

scale. 

Results 

Survey responses were collected from 43 NCCU staff members (62% response rate). Based on survey 

results, priority areas to enhance rounding satisfaction included: increasing collaborative decision 

making, creating entire team efficiency, completing rounds in a timely manner, increasing engagement 

and minimizing extraneous conversations and activities. Other targeted areas for improvement included 

reserving time for prolonged family meetings for post-rounds, as well as focusing educational time and 

consistently utilizing the rounding checklist. Based on areas of opportunity, a multidisciplinary 

committee was developed. One item created to enhance processes was the development and 

implementation of an RN facilitated presentation tool. To support this, a standardized presentation 

script and handoff tool were created and executed. Six-month follow up survey results are pending at 

the time of submission. 

Conclusions 

Strategies to improve communication in multidisciplinary rounds are key to decreasing errors and 

improving care delivery. It is likely that a systematic data presentation by bedside RNs will improve: staff 

perceptions of rounds, collaboration among all multidisciplinary staff members and rounding efficiency. 
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Fake News: Falsely Elevated Readmission Rates 

Nicole Zeoli; Olga Klauberg; Donato Pacione 

, New York, NY, United States 

 

Introduction 

The Department of Neurosurgery has a readmission rate goal of less than 9.7 for the fiscal year 2018 and 

less than 9.2 for the fiscal year of 2019. Over the past four fiscal quarters there has been an increase in 

the department’s readmission rate, always exceeding the institutional goal. 

Methods 

All readmissions in the institution’s dashboard for Q3 and Q4 for 2018 and Q1 and Q2 of 2019 were 

reviewed by way of chart review. These were divided into spine vs cranial, planned vs unplanned 

readmission, reason for readmission and consistency vs inconsistency with the institution’s dashboard. 

Results 

In Q3 2018 the dashboard reported a readmission rate of 10.86. The final calculated actual readmission 

rate was 9.32. In Q4 2018 the dashboard reported a readmission rate of 11.04. The final calculated 

actual readmission rate was 9.27. In Q1 2019 the dashboard reported a readmission rate of 10.76. The 

final calculated actual readmission rate was 8.02. In Q2 2019 the dashboard reported a readmission rate 

of 10.73. The final calculated actual readmission rate was 7.30. The most common reason for unplanned 

n reason for planned readmissions were shunt 

placements after lumbar drain trials. The dashboard was correct in predicting planned vs unplanned 

readmissions 45.5% of the time. 

Conclusions 

The coding on the backend of the institution’s dashboard is missing many staged and planned 

readmissions and is only accurate in coding planned vs unplanned readmissions half of the time. This is 

resulting in falsely elevated readmission rates. Despite the initial uptrend in readmissions, the actual 

readmission rates of the department are down trending and always below the institutional goal. This 

likely translates to other departments within the hospital. There needs to be a more efficient way to 

improve the coding and accuracy of the institution dashboards. 
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The Impact of Neurointensivist Co-management on the Mortality of Patients Admitted to the 

Neurocritical Care Unit 

Jin-Heon Jeong; Dong Hyun Lee; Jun Young Chang; Jeong-Ho Hong; Kyu Sun Yum; Moon-Ku Han 

Department of Intensive Care Medicine & Neurology, Dong-A University Hospital, Busan, South Korea 

 

Introduction 

The critically-ill neurological patients managed by specialized neurocritical care team is associated with 

improved outcome. In Korea, limited data are available on improved outcomes after initiation of 

neurointensivist co-management in neurocritical care units (NCU). We evaluated the impact of a newly 

appointed neurointensivist on the mortality of patients admitted to the NCU. 

Methods 

The study was conducted in 18 intensive care unit (ICU) beds of a large academic tertiary care hospital. 

Neurointensivist co-management was initiated in March 2016. The retrospective observational study 

compared the outcomes of patients before and after neurointensivist co-management. 

Results 

A total of 1211 patients were included, 647 prior to and 564 after the initiation of neurointensivist co-

management. Patients admitted after neurointensivist co-management were older and had higher 

APACHE II scores. ICU mortality was significantly decreased in patients managed by neurointensivist 

(14.4% vs 10.5%, p=0.04). The length of ICU stay and duration of ventilator days were shorted in patients 

without co-management. 

Conclusions 

Neurocritically ill patients managed by specialized neurointensivist showed better clinical outcomes 

despite increased severity. 

71/341



S72 Neurocrit Care (2019) 31:S1–S341

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 60 

Pharmacy-based Nursing Education Utilizing a Social Media Platform 

Casey Combs May; Jessica Mahle; Dorina Harper; Keaton S. Smetana 

The Ohio State University Wexner Medical Center, Columbus, OH, United States 

 

Introduction 

Social media has changed the way individuals communicate with each other and has altered the way 

society obtains information. In the past ten years, multiple articles have been published highlighting the 

ability to utilize social media for education of medical, nursing and pharmacy students. To our 

knowledge, cross discipline education utilizing these platforms has yet to be evaluated. With over 2.23 

to implement a pharmacist led, social media based nursing education program and evaluate the 

perceived value of this education. 

Methods 

A curriculum consisting of basic pharmacy related issues was developed and topics were posted to the 

- ok users weekly. A pre- and post-education survey was 

sent out evaluating the program’s effectiveness. 

Results 

email. Of those nurses who received the pre- and post-education survey, a total of 29% and 19% 

completed the survey respectively. Of those who completed the survey 60% received education via 

-education survey, there were no statistically significant differences in 

nursing performance on fact based questions after receiving education (p-value > 0.05 on all 17 

assessment questions). Overall, 100% of the respondents reported a positive learning experience and 

wanted to continue this method of education delivery. 

Conclusions 

The 

educational content. This project demonstrates the potential of utilizing social media as a means of 

cross discipline education; however, the solitary utilization of this platform should be used cautiously as 

this did not improve performance on assessment questions. 
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Differential Impact of Fever and Hypothermia on Cerebrovascular Pressure Reactivity 

Xin Zhou; Izad Yar-Rasheed; Karla Bergonzi; Lian He; Wesley Baker; Benjamin Abella; W. Andrew Kofke; 

Ramani Balu 

University of Pennsylvania, Department of Neurology, Philadelphia, PA, United States 

 

Introduction 

ability. 

Consequently, targeted temperature management (TTM), either to maintain normothermia or induce 

hypothermia, is often advocated as a therapy to improve outcomes in brain injured patients.  The 

physiological pathways that promote fever associated brain injury, and how these pathways might be 

modulated by TTM, remain unclear. This study examined the effect of fever and hypothermia on 

cerebrovascular pressure reactivity, a validated proxy of cerebral autoregulation. 

Methods 

We included 72 patients treated for brain injury from a single academic center.  All patients had 

intracranial pressure (ICP), invasive brain temperature, and arterial blood pressure (ABP) recorded 

patient, mean PRx 

over all periods of fever (>38°C), normothermia (35-38°C), and hypothermia (<35°C) were calculated. 

Differences in mean PRx during normothermia, fever, and hypothermia epochs were then analyzed 

using paired Student’s t-test.  The relationship between PRx differences and total time spent 

normothermic was analyzed using linear regression. 

Results 

spent at a normal brain temperature (p = 0.0008, R2 = 0.202). In contrast, hypothermia was not 

associated with impaired cerebral autoregulation (p = 0.9968). 

Conclusions 

This study supports the hypothesis that impaired cerebral autoregulation may be one mechanism 

through which fever worsens outcome in brain-injured patients.  The effect of fever on cerebral 

autoregulation appears to be more pronounced in patients that spend a longer amount of time in a 

normothermic state. Interestingly, hypothermia was not associated with reduced PRx, suggesting that 

the possible benefits of therapeutic hypothermia do not occur by improving the autoregulatory state. 
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Transcranial Doppler is a Useful Tool for Assessing Cerebral Perfusion in VA–ECMO Patients 

Jonathan Rafael Gomez; Collin Herman; Dana Foster; Sheryl Hendrix; Benjamin Morris; Charles Tegeler; 

Aarti Sarwal 

, Winston-Salem, NC, United States 

 

Introduction 

Veno-arterial extra corporeal membrane oxygenation (VA-ECMO) provides hemodynamic support in 

patients with refractory cardiogenic shock. These patients have a 15% incidence risk of cerebrovascular 

complications according to the Extracorporeal Life Support Organization Database. Reliable 

neuroassessments and neuroimaging are often limited by heavy sedation and risks of transporting these 

patients. Transcranial Doppler (TCD) can be a useful tool for cerebral hemodynamic assessment in these 

patients. We present four VA-ECMO patients where TCD spectral waveforms provided key information 

on cerebral blood flow despite non-pulsatile flow. 

Methods 

Retrospective chart review. 

Results 

Interpretable spectral waveforms were obtained in three of four patients. Extensive embolization 

obscured flow patterns in one patient but clear cerebral perfusion with non-pulsatile waveforms was 

seen in the rest. Two of the three remaining patients had high intensity transient signals (HITS), 

suggesting cerebral microembolization. One patient showed pulsatility in cerebral waveforms despite no 

gross change in cardiac output on echo that helped guide decision to initiate ECMO wean. ECMO 

settings included flow at 4-6 L/min, MAP 60-80 mmHg, and PaCO2 between 30-50 mmHg. MCA mean 

flow velocities were comparable to the systemic BP, and ranged from 60-80 cm/s in three patients and 

30-50 cm/s in one patient. One patient suffered cerebral edema and two expired from withdrawal of 

care on sedation after multisystem organ failure without a chance neurological or neuroimaging 

assessment.  The fourth patient retained consciousness and the ability to follow commands, but died 

from a massive GI bleed. 

Conclusions 

TCD spectral waveforms can be useful bedside tools for patients on VA-ECMO to assess for cerebral 

perfusion patterns. Presence of HITS reflecting microembolization can guide perfusionists to check for 

-

pulsatile flow, their relationship with systemic hemodynamics and VA-ECMO settings is needed. 
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CRUSH: Cranial Ultrasonography via Hemicraniectomy: A Novel Technique and Atlas of Neuroanatomy 

Vasisht Srinivasan; Holly Hilliard; Jordan Bonomo 

University of Cincinnati, Department of Neurology and Rehabilitation Medicine, Cincinnati, OH, United 

States 

 

Introduction 

Cranial ultrasonography has a long history of use in neonates, but inadequate windows have limited its 

use in adults.  A hemicraniectomy provides an obvious window for point-of-care intracranial imaging, 

providing similar views traditionally seen on CT and MRI.  We describe a standard approach and settings, 

presenting sample imaging demonstrating key anatomic landmarks. 

Methods 

The hemicraniectomy ultrasonography preset was created and optimized using a phased array 

transducer with a 4-2 Mhz frequency range.  Imaging parameters were tested and saved for 2D 

grayscale mode, with an emphasis on tissue harmonic imaging, adaptive image processing, and dynamic 

range.  Axial views are obtained from the ipsilateral temporal window, approximating the pterion, 

adjusting the probe to display a well-aligned view using the lateral ventricles as a landmark.  By 

convention, the probe marker is placed anteriorly. The depth and focus are set to visualize the brain 

he probe craniocaudally permits visualization of the entire 

cranial vault.  Parasagittal and coronal views are obtained by placing the probe at the vertex, off midline, 

ipsilateral to the hemicraniectomy. 

Results 

Several structures are clearly visualized and are available as landmarks for orientation. The ventricular 

system can be easily identified as hypoechoic spaces similar in appearance to CT or MR imaging. The 

brainstem and cerebellum, with its associated folia and peduncles are also easily seen. The thalami are 

identified as strongly hypoechoic paramedian structures. Pathologic findings that can be easily seen 

include hydrocephalus, hemorrhage, and edema.  Aneurysm clips are hyperechoic with streak artifact, 

and ventriculostomy catheters can be seen as subtle hypoechoic areas within the cortex. 

Conclusions 

Hemicraniectomy POCUS can be used to visualize the intracranial vault to facilitate evaluation of 

structural lesions and pathology at the bedside. The authors advocate adding hemicraniectomy POCUS 

to the neurocritical care imaging arsenal in patients where this view is available. 
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Evaluation of Noxious Stimulation of Unconscious Critically Ill Patients 

Sara Fratino; Eugenio Di Bernardini; Marco Menozzi; Lorenzo Peluso; Jacques Creteur; Fabio Silvio 

Taccone  

Department of Intensive Care, Clinique Universitaire de Bruxelles Hopital Erasme, Brussels, Belgium 

 

Introduction 

Pain assessment is a challenge in critically ill patients with impaired consciousness, either because of 

sedation or concomitant severe brain injury. Automated pupillometry has been used to assess the 

response to noxious stimulation in such patients. Skin conductance, which has been used in the 

operative setting, has not been tested in this setting yet. The purpose of the study was to compare the 

pupillary response and skin conductance to pain stimulation in critically ill unconscious patients. 

Methods 

Prospective ongoing study including adult (>18 years) patients admitted to the Intensive Care Unit of a 

University Hospital and who were unconscious (Glasgow Coma Scale < 8 with a motor response < 5) for 

several reasons. Automated pupillometry (Algiscan, ID-

pupillary reflex dilation during tetanic stimulation. The tetanic stimulation (100 Hz) was applied to the 

skin area innervated by the ulnar nerve and was stepwise increased from 10 to 60 mA until pupil size 

had increased by 13% compared to baseline. The maximum intensity value allowed the determination of 

a pupillary pain index score ranging from 1 (no nociception) to 9 (high nociception): a pupillary pain 

peak per second (

concomitantly to tetanic stimulation. 

Results 

Twelve patients (median age 66 [ranges=18-77] years; male gender 9/12) were included so far; eight 

patients had a primary brain injury (5/8 anoxic injury) and 4 others were sedated because of shock with 

concomitant respiratory failure. All patients were under continuous intravenous sedation and analgesia; 

9/12 were on vasopressors and 6/12 on continuous neuromuscular blockade. Median GCS at the 

moment of pain assessment was 3 [3-7] and median PPI was 6 [1-9]; 4 patients (33%) had adequate pain 

control. No changes of skin conductance variables were reported during pain stimulation. 

Conclusions 

Skin conductance was unable to detect insufficient nociception in critically ill unconscious patients. 
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Evaluating the Cerebral Arterial Time Constant in Vasospasm and Delayed Cerebral Ischemia after 

Aneurysmal Subarachnoid Hemorrhage 

Soojin Park; Kalijah Terilli; Murad Megjhani; Clio Rubinos; Hannah Kirsch; Jenna Ford; Ayham 

Alkhachroum; Angela Velazquez; David J. Roh; Sachin Agarwal; Jan Claassen 

Columbia University Department of Neurology, New York, NY, United States 

 

Introduction 

The cerebral arterial time constant (Tau) reflects the time it takes to fill the cerebral arterial bed with 

blood during one cardiac cycle, and is derived from arterial blood pressure (ABP) and middle cerebral 

artery flow- s 

with/without vasospasm (VSP) and delayed cerebral ischemia (DCI) after aneurysmal subarachnoid 

hemorrhage (aSAH). 

Methods 

patients (2017-2018). Angiographic VSP and DCI were adjudicated by neurointensivists. Artifact-free 

cerebral arterial compliance and resistance. Statistical comparisons were made using a two-tailed Mann-

Whitney U-test. 

Results 

Of 20 aSAH patients, 13(65%) developed VSP and 8(62% of VSP) developed DCI. 4 patients had unilateral 

and 9 bilateral VSP (31 & 69% of VSP). One patient with unilateral VSP was available for monitoring prior 

to diagnosis. This patient had increased asymmetry in Tau over time prior to diagnosis (slope: 0.08 

s/day, R¬2: 0.94). TCD measures in 3 patients were available prior to angiographic diagnosis of bilateral 

VSP, showing initial marginal asymmetry similar to the unilateral VSP case, then slightly decreasing 

asymmetry over time (mean slope: -

22cm/s higher in DCI (p<0.001). Tau was 0.07s greater for DCI patients, however this did not reach 

significance (p=0.46). 

Conclusions 

explore the relationship of Tau asymmetries with VSP and DCI after aSAH. These may provide further 

insights into the pathomechanisms of VSP and DCI while also having potential as a tool for earlier 

diagnosis of these important complications. 
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Virtual Reality-based Bilateral Graded-intensity Pupillometry to Detect Neurologic Decline in Large 

Hemispheric Infarction 

Mohammad I. Hirzallah; Alex Kiderman; Eric M. Nturibi; Carey Balaban; Bradley J. Molyneux; Carlos 

Villamizar-Rosales 

Department of Critical Care Medicine, University of Pittsburgh, Pittsburgh, PA, United States 

 

Introduction 

Pupillometry is more accurate and has higher inter-rater agreement than subjective pupil size and 

reactivity estimation. Limitations include using a single high-intensity flash to evaluate the direct 

pupillary response only. We present preliminary data on using virtual reality-based pupillometry (VRP) 

with graded-intensity flashes and bilateral pupillary recording to monitor patients with large 

hemispheric infarction (LHI). 

Methods 

We utilized a virtual reality headset-based system, I-PAS (Neurokinetics, Pittsburgh, USA) to perform 

pupillometry.  A total of 13 homogeneous illumination flashes (0.395 to 65.4 cd/m², 0.300 sec on, 2.00-

4.00 sec off) were presented to each eye while infrared cameras recorded pupillary area (mm2) 

continuously at 100 samples/sec.  This permits measurement of latency, magnitude and velocity of 

direct and consensual pupil constriction and dilation at each light intensity. 

Results 

: We performed pupillometry as described above in 4 patients admitted with LHI from middle cerebral 

artery strokes. 2 patients required decompressive craniectomy (DC) during the hospital course while the 

other 2 patients did not require DC. Bilateral graded-intensity pupillometry detected subtle changes in 

pupillary reactivity (peak constriction velocity  in mm2/s) prior to clinical deterioration, which were very 

pronounced when compared to normal control performance. Single-

neuropupillary index (NPI) did not detect a change in pupillary reactivity in all but the most severe 

deterioration. 

Conclusions 

Virtual reality-based, graded intensity pupillometry is feasible in the intensive care unit and appears 

ed to set cutoff values that may aid in clinical 

decision making.  
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The Clinical and Financial Impact of the Ceribell Rapid Response EEG System In a Community Hospital 

Prashanth Krishnamohan 

Stanford University, Department of Neurology & Neurological Sciences, Palo Alto, CA, United States 

 

Introduction 

Limited access to conventional EEG results in significant delays to important diagnostic information, 

especially in patients with suspected non-convulsive seizures (NCS). Recently, the Rapid Response EEG 

technology has proven to be clinically valuable. However, the economic aspect of this new technology 

has not been studied in detail. 

Methods 

We retrospectively reviewed the use of the Rapid Response EEG device in our small community hospital 

over 6 months since its launch in December 2018. We performed limited chart review and collected 

information regarding EEG diagnosis, length of stay, and transfer to mothership hospital. We evaluated 

the clinical and economic impact of the device by considering the patients’ clinical outcome and the 

estimated cost of hospitalization (~$3000-6000/day) and transfer ($4000-20,000). Metrics are not 

precise and are only estimates. 

Results 

The device was used in a total of 20 patients. The treating physician or the nurse applied the device with 

and one with post-anoxic burst suppression. In patients with status epilepticus, seizures were aborted 

successfully, and median length of stay was 8.5 (national average of 15 days). All 20 patients were 

treated locally without requiring transfer to the main University hospital. Considering the cost of Rapid 

Response EEG infrastructure and disposables (<$30,000) compared to conventional EEG systems 

(~$100,000-140,000) and EEG technologists (estimated to cost ~$420,000-562,000), and estimated 

range of $50,000 to $266,000 in annual savings because of shorter LOS and lesser transfers, this new 

technology seems economically advantageous. 

Conclusions 

Rapid Response EEG System enabled significantly faster and easier access to EEG and helped detect a 

relatively high number of patients with gross EEG abnormalities. Adopting the Rapid Response EEG 

improved emergent NCS detection and treatment in a cost-effective manner. 
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Severity and Duration of Neurologic Deterioration Influence Neurologic Status at Discharge: An 

Informatics Approach in over 5,000 Consecutive Neurocritical Care Admissions 

Sai Santosh Nooney; Shravan Sivakumar; Daniel Rubin; India A. Lissak; Sahar F. Zafar; M. Brandon 

Westover; Eric S. Rosenthal 

Massachusetts General Hospital, Department of Neurology, Boston, MA,  United States  

 

Introduction 

Patients requiring neurocritical care frequently have neurologic fluctuations of uncertain significance. 

We hypothesized that severe and prolonged events of neurologic deterioration (ND) have the greatest 

impact on discharge neurologic status and serve as intermediate indicators of poor outcome. 

Methods 

We extracted nurse-documented GCS scores from electronic health record (EHR) data of consecutive 

patients admitted to a Neurosciences Intensive Care Unit (ICU) or undergoing intracranial pressure 

monitoring (April 2016 - 

1) best initial 24-hour GCS (bestGCS-24h), 2) maximum magnitude of GCS decline (maxGCSdecline), 3) 

duration of the episode of maximum GCS decline (dur-max), and 4) the maximum duration of any GCS 

decline >= 3 points (max3pt-dur). We fit a 10-fold cross-validated logistic regression model predicting 

the final GCS 3-10 (vs. 11-15) and tested it in a 30% hold-out sample. We then evaluated the rates of 

poor outcome for combinations of these parameters. 

Results 

5,077 consecutive admissions (4,522 unique patients) met inclusion criteria (10% with severe bestGCS-

24h (3-8), 11% with moderate bestGCS-24h (9-12), and 79% with mild bestGCS-24h (13-15)). BestGCS-

24h, maxGCSdecline, dur-max, and max3pt-dur, respectively, were independently associated with poor 

discharge GCS (OR per standard deviation were 0.44[95%CI 0.08-0.98], 2.02[1.01-4.08], 1.35[1.01-2.32], 

and 1.27[1.01-  with a 4-point maxGCSdecline, the rate of poor 

outcome was 57% for patients with a severe bestGCS-24h and >=24-hour max-dur; 35% for patients with 

a severe bestGCS-24h and <24-hour max-dur; 9.3% for patients with a mild bestGCS-24h and >=24-hour 

max-dur; and 2.5% for patients with a mild bestGCS-24h and <24-hour max-dur. 

Conclusions 

Both the magnitude and duration of ND events are independently associated with neurological status at 

discharge. These empiric, informatics-derived thresholds may serve as useful intermediate outcomes 

facilitating the testing of biological associations and therapeutic interventions aimed at promoting 

neurologic recovery. 
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Non-invasive Monitoring of Cerebral Blood Flow in the Acute Brain Injury 

Soo-Hyun Park; Tae Jung Kim; Sang-Bae Ko 

Department of Critical care Neurology, Seoul National University Hospital, Seoul, Korea 

 

Introduction 

unit. Deteriorati

worsening. We hypothesized that non-

earlier than clinical deterioration. 

Methods 

We prospectively collected data from patients with acute brain injury who are at a high risk of perfusion 

disturbance (SAH, MMD, and severe anterior circulation ischemic stroke) between May 2017 and May 

2018. Non- - ry 3 seconds 

neurological worsening were assessed using perfusion imaging and were categorized as hypoperfusion 

group and hyperperfusion group. Baseline 

compared. 

Results 

A total of 45 patients (mean age, 53.4 years; male, 48.9 %) (SAH [n=14], MMD [n=17], and severe 

anterior circulation ischemic stroke [n=12]) were included for the analysis. Mean duration of monitoring 

was 72 (72.4 ± 63.1) hours. Among them, 9 patients (20.9 %) had neurological worsening while on 

(36.4 vs. 41.2, P=0.11). Hypoperfu

e patients, 

perfusion imaging showed a hypoperfusion in the parietal lobe which was far from the prefrontal cortex. 

Conclusions 

Non- -

monitoring should be highlighted in patients with high risk of deterioration. 
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A Multimodal Non-invasive Approach for Intracranial Hypertension Detection: A Single-center 

Prospective Study 

Spyridoula Tsetsou; Maria Ronquillo; Alexandra Reynolds; Neha Dangayach 

Icahn School of Medicine at Mount Sinai, New York, NY, United States 

 

Introduction 

Intracranial cerebral pressure (ICP) monitoring is an integral part of acute brain injury management. 

While invasive ICP monitor is the gold standard, there are several medical conditions that preclude its 

placement. Non-invasive ICP assessment tests (e.g. optic nerve sheath diameter, optic nerve disk 

elevation, pulsatility index, pupillary reactivity etc) have moderate accuracy when used individually. The 

aim of the present study is to validate a multimodal approach for intracranial hypertension detection. 

Methods 

In this prospective study, patients with acute brain injury who had an EVD placement for both ICP 

measurement and treatment were included since March 2019. We measured bilateral optic nerve 

sheath diameter (ONSD) by ultrasound, bilateral optic nerve disk elevation (ONDE) by ultrasound, 

bilateral middle cerebral artery (MCA) pulsatility index (PI)  by using transcranial Doppler and assessed 

pupillary reactivity with or without pupillometer as part of multimodal assessment for measuring 

intracranial pressure. We assessed the correlation and agreement of these values with ICP measured by 

the EVD. 

Results 

We included 11 measurements in 7 patients with acute brain injury. The presence of two or more values 

of mean ONSD greater than 5 mm, unilateral or bilateral presence of ONDE and mean MCA PI greater 

than 1.0  has 100% sensitivity (95% CI 0.29 – 1.00) and 87.5% specificity ( 95%CI 0.47- 0.99) for 

predicting ICP greater than 15 mmHg. 

Conclusions 

Non-invasive multimodal assessment can be easily done by bedside, requires minimal training and 

seems to correlate well with increased ICP. 
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Noninvasive Neuromonitoring with Rheoencephalography: A Pilot Human Study 

Louis August Cannizzaro; Ifeanyi Iwuchukwu; Michael Bodo 

Ochsner Medical Center Department of Neurocritical Care, New Orleans, LA, United States  

 

Introduction 

Raised ICP following acute brain injury is associated with poor outcome. Monitoring with early detection 

is important in reducing sustained ICP crisis. Previous studies demonstrated Rheoencephalography (REG) 

reflects cerebrovascular reactivity and may substitute invasive monitoring techniques. We hypothesized 

using a correlation coefficient between slow spontaneous changes in REG and Systolic Arterial Pressure 

to calculate REGx. 

Methods 

REG measurements were obtained from ten patients with acute brain injury. Analog waveforms of REG 

and arm bioimpedance pulse waves were recorded with a bioimpedance amplifier. We used the ICM+ 

program (PRx) calcu

bioimpedance pulse waves (REGx) instead of ICP and invasive arterial pressure. 

Results 

 

visualized by previously established waveform changes on REG. A change in mean REGx greater than the 

previous recording’s mean REGx value was clinically significant as opposed to absolute mean REGx . One 

patient with a right ICA infarction clinically deteriorated from moving all extremities to extensor 

posturing on the right and flaccid paralysis on the left with significant delta mean REGx. Another with 

bilateral ACA distribution ischemic infarctions worsened from flexor to extensor posturing with 

significant delta mean REGx. Lastly, a patient with ventriculoperitoneal shunt malfunction repair 

improved from GCS 7 to 14 with multiple significant delta mean REGx values between recordings. 

Conclusions 

Our series demonstrated clinical significance of patient specific delta mean REGx suggesting importance 

of presenting mean REGx for detection of changes in intracranial compliance.  Like presenting blood 

pressure and relative changes in blood pressure rather than absolute changes in blood pressure or 

specific values, REGx was shown significant in a similar manner.  REGx is a realistic means of future non-

invasive neuromonitoring. 
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The Impact on Dialysis Modality on Cerebral Hemodynamics: A Transcranial Doppler Study 

Shivani Ghoshal; Aarti Sarwal; Charles Tegeler; Barry I. Freedman 

, Winston-Salem, NC, United States 

 

Introduction 

Dialysis is characterized by markedly increased rates of stroke and cerebral micro-vascular disease, 

though the mechanisms by which dialysis modalities impact cerebral hemodynamics have not been well 

studied. This case series compares intra-dialytic cerebral hemodynamics measured by transcranial 

Doppler (TCD) in patients receiving intermittent hemodialysis (IHD) versus peritoneal dialysis (PD). 

Methods 

Ten outpatient end-stage renal disease (ESRD) without stroke were identified. TCD mean flow velocity 

averaged. Six patients administered hemodialysis were followed over 240 minutes, with mean arterial 

d every 30 minutes. 

Results 

there was no statistically significant difference between dialyses group and no significant change over 

time. To quantify volatility in patient measurements over time, we calculated the coefficient of variation 

-Sum test. To test if there 

was a difference in volatility between dialyses groups, we used a Wilcoxon Rank-

group (p <0.05). 

Conclusions 

In this small case series, though cerebral hemodynamics are not significantly different among stable 

measures are more stable over time for patients on the peritoneal dialyses group. 
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Transcranial Doppler Monitoring of Intra-dialytic Cerebral Hemodynamics in an ESRD Patient with 

Traumatic Brain Injury 

Shivani Ghoshal; Jonathan Gomez; Aarti Sarwal 

Department of Neurology, est School of Medicine, Winston-Salem, NC, United States 

 

Introduction 

End-stage renal disease (ESRD) patients with acute neurologic injury are at risk of altered cerebral 

hemodynamics during dialysis. Here, we present transcranial Doppler (TCD) images revealing marked 

intra-dialytic increased distal vascular resistance and compromised flow velocity in an ESRD patient with 

acute traumatic brain injury. 

Methods 

The patient underwent continuous TCD monitoring during hemodialysis to monitor intra-dialytic 

cerebral hemodynamics. 

Results 

A 73 year-old man with ESRD on chronic presented with headaches after a fall. CT head revealed 6 mm 

right convexity acute subdural hematoma with 2-3 mm leftward midline shift and right parietal 

parenchymal contusion. On arrival to the neuro-ICU, the patient was afebrile, hemodynamically stable, 

and fully oriented with no focal deficits. Repeat CT head six hours from initial was stable. The patient 

was started on his outpatient prescription of dialysis (dialysate Na 140 mEq/L, blood flow rate 350 

ml/min), run without heparin. Within first 3 hours of hemodialysis patient developed progressive right-

sided headache, which evolved to vomiting, decreased in level of consciousness, and left-sided 

weakness. He intermittently opened eyes to stimulation but required persistent painful stimulation to 

answer orientation questions. He had no changes in mean arterial pressure during hemodialysis. His 

serum BUN had decreased from 80 to 43 mg/dL, and his serum sodium remained unchanged. Emergent 

CT head was stable from prior. Intra-dialytic TCD waveforms revealed progressively increased distal 

resistance to flow, measured by pulsatility index (PI) at his bilateral middle cerebral arteries (MCA), and 

compromised MCA velocities. This change was dramatic on the right, the same side as his subdural 

hemorrhage and cerebral contusion. 

Conclusions 

ESRD patients with critical neurologic injury are at risk for altered cerebral hemodynamics during 

dialysis. TCD ultrasonography may be a practical bedside tool to screen for patients at particular risk, 

and guide medical decision-making regarding dialysis prescription for ESRD patients in the neuro-ICU.
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Point-of-Care Applications of Neuroultrasound  in Critical Care: A Systematic Review and Expert 

Consensus 

Lina Marenco-Hillembrand; Gabriel Prada; Jonathan Gomez; Jose Diaz-Gomez; Casey Glass; Charles 

Tegeler; Aarti Sarwal 

Mayo Clinic, Critical Care Medicine and Anesthesiology, Jacksonville, United States 

 

Introduction 

Point of care ultrasound (POCUS) differs from diagnostic ultrasound in being often performed by 

clinicians and focused to acquire only relevant images to answer a specific clinical question. Most 

ultrasound modalities have differentiated clinical indications where POCUS is appropriate: the use of 

echocardiography to rule out tamponade in shock is considered POCUS while the assessment of diastolic 

dysfunction in heart failure deserves a diagnostic exam. Neuroultrasound has been used in various 

clinical indications like vasospasm, intracranial stenosis, collateralization, and emboli monitoring. These 

studies are mostly performed by sonographers as diagnostic studies. With emerging interest in assessing 

POCUS indications, we performed a systematic literature review to identify all clinical indications of 

neuroultrasound and used a Delphi based review by three experts to differentiate clinical indications 

where neuroultrasound could have point-of-care uses. 

Methods 

Two authors (LMH, GB) performed a systematic review to identify all reported modalities and clinical 

indications of neuroultrasound (TCD, Duplex, B-mode, Carotid, Ocular and Temporal) in MEDLINE, 

EMBASE, Cochrane, and Scopus databases. Three experts (JGD, CT, AS) were surveyed using the Delphi 

method to review each clinical indication and modality on whether it was focused on diagnosis or 

management and whether the clinical indication was a valid POCUS. Differences in opinion were settled 

with a final face-to-face discussion to reach a consensus. 

Results 

The systematic review determined 78 total clinical indications of point of care use of neuroultrasound 

individualized by disease and modality. In 35 indications it was considered a diagnostic adjunct, in 5 

instances it was considered an aide in management, and in 38 instances it was determined to aid in both 

diagnosis and management decisions. 

Conclusions 

There are many point of care indications of neuroultrasound in neurocritical care. This consensus 

opinion can guide clinicians to clinical indications where point of care use can aide in bedside diagnosis 

and management. 
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Neuromonitoring in Patients with Left Ventricular Assist Device: A Systematic Review of the 

Literatures 

Tracey Fan; Catherine Hassett; Casey Price; Sung-Min Cho 

Cerebrovascular , Cleveland, OH, United 

States 

 

Introduction 

In a systematic review, we reported current literatures on neuromonitoring methods in Left Ventricular 

Assist Device(LVAD) population. 

Methods 

We searched five databases (PubMed, EMBASE, Cochrane Library, Web of Science, Scopus, 

clinicaltrials.gov) related to LVAD and neurological monitoring methods from inception through January 

2018. 

Results 

Of 3597 unique citations, 32 studies (2055 participants) met the inclusion criteria. The median age was 

48.5(interquartile range 40.3- 52.8, 67.7% male). Study designs were retrospective observational studies 

(n=19) and prospective observational studies (n=13). Neuromonitoring methods studies included 

transcranial dopplers(TCD) for emboli monitoring(n=13) or  cerebral autoregulation monitoring (n=2), 

traditional neuroimaging (CT/MRI) (n=7), cerebral oximetry(n=2), carotid ultrasound (n=3) and plasma 

VAD, 4 articles studied pulsatile-

TCD (93 [25.3%] vs. 26 [78.8%], p<0.00001), and less neurologic injuries compared to PP LVAD(102 

[21.8%] vs.62 [62.1%],  p<0.00001). In TCD-emboli monitoring studies, 119 patients (29.6%) had positive 

microembolic signal (MES) detected during TCD monitoring and 92 patients (21.8%) had 

thromboembolic events. Patients with MES detected on TCD-emboli were more likely to have 

thromboembolic events (78 with MES [65.5%] vs. 16 without MES [5.7%], p<0.00001). 

Antithrombotic(AT) use was not directly associated with reduction of MES, MES were detected in 112 

patients with AT (62.9%) vs. 5 patients without AT (41.7%) (p=0.22). Due to the heterogeneity of the 

studies included, aggregate analysis of all studies was not feasible. 

Conclusions 

Current evidence on neuromonitoring in LVAD is limited and there is no consensus on the indication and 

effectiveness on use of any neuromonitoring methods. The publications have significant heterogeneity 

adequate power are warranted to develop an optimal neurological monitoring protocol and prevention 

strategy. 
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Quantitative Pupillometry and Radiographic Midbrain Compression 

Charlene Ong; M. Hutch; F. Balogun; E. Benjamin; D. Greer 

Boston University School of Medicine, Neurology Department, Boston, MA, United States 

 

Introduction 

Midbrain compression secondary to cerebral edema or hemorrhage results in high mortality and 

morbidity. Quantitative pupillometry holds promise as a bedside indicator of worsening anatomic tissue 

shifts. Because pupil reactivity relies on an intact neural network through the diencephalon and 

brainstem, compression can lead to changes in pupil size and reactivity. We studied markers of 

compression and pupillometry within 2 hours of head CT in 35 patients with anterior ischemic stroke 

(AIS) or supratentorial intraparenchymal hemorrhage (IPH) causing mass effect. 

Methods 

We reviewed 62 scans from 35 patients with unilateral injury from AIS (>1/3 of MCA territory) or IPH 

(>30 mL). We assessed midline (MLS) and pineal gland shift (PGS), as well as novel measurements of 

midbrain compression including interpeduncular shift (IPS) and the ipsilateral and contralateral cerebral 

peduncle hemi-distances to the interpeduncular cistern (ICPHD, CCPHD). Multilevel modeling was used 

to analyze radiographic measurements with quantitative pupil metrics including pupil reactivity (DNPi) 

and size (DSize) differences between eyes. 

Results 

-0.2, 0.2]; 

median DSize was 0.44 [0.26, 0.78]. MLS wa

nded toward 

 

Conclusions 

Pupil reactivity and size differences were significantly associated with radiographic markers of midbrain 

noninvasive indicators of brainstem compression. 
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Correlation of Serial ONSD via CT Imaging with Invasive ICP Values among Neurocritical Care Patients 

Diane McLaughlin; Lisa Anderson; Molly McNett 

Department of Neurocritical Care and Neurosurgery, Cleveland, OH, United States 

 

Introduction 

Evaluation of optic nerve sheath diameter (ONSD) has been widely examined as both a correlate of 

intracranial pressure (ICP), and a potential predictor of outcome after neurological injury. Recent studies 

have evaluated sonographic measurement of ONSD, yet clinical limitations to this approach persist.  

Evaluation of ONSD measurements via routine brain computed tomography (CT) imaging has been less 

studied, but offers potential for detection of increased ICP in the absence of invasive monitoring. 

Previous studies have employed a cross-sectional approach to ONSD measurements via CT scan, 

primarily among patients with traumatic brain injury (TBI).  However, no studies have evaluated serial 

correlations between CT ONSD measurements and ICP to evaluate strength of correlations during 

hospitalization, and across diagnosis types. The purpose of this study was to investigate correlations 

between ONSD via serial CT imaging and ICP among adult patients with neurological injury. 

Methods 

Retrospective cohort study of all adult patients admitted with acute neurological injury requiring ICP 

monitoring and critical care admission. 

Results 

N=48.  Diagnosis type included TBI (33%), aneurysmal subarachnoid hemorrhage (29%), intracranial 

hemorrhage (18%), cranial mass (6%), and other (12%). There was a strong, positive correlation between 

right/left ONSD across all time points (r=0.7-9, p<0.001), suggesting a consistent bilateral response. 

Correlations were strongest between initial inpatient CT scan ONSD readings and ICP (r=0.5, p<0.05), but 

decreased over time. Patients with increased ICP across all diagnosis types experienced higher ONSD 

values upon presentation to the emergency department (ED) and on serial CT scans throughout 

hospitalization (range 5.7mm-6.4mm, p<0.05). 

Conclusions 

urements as a potential indicator of increased ICP in 

the absence of invasive monitoring. Serial CT brain imaging is often performed to evaluate for 

intracranial changes during hospitalization, and measurement of ONSD during this imaging can 

contribute to decisions regarding more invasive monitoring. 
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Automatic Detection of Burst-Suppression-Pattern in Neurocritical Care Patients 
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University Hospital Zurich, Department of Neurology, Zurich, Switzerland 

 

Introduction 

Monitoring of burst-suppression-pattern (BSP) in electroencephalography (EEG) is relevant to control 

barbiturate-induced coma. Currently, the assessment of BSP is based on continuous observation of the 

EEG with manual counting of bursts per minute (BPM) by experts, which is prone to inter-rater 

variability. 

Methods 

We evaluated the reliability of a new algorithm for automatic BSP-detection compared to manual 

assessment in two Thiopental-induced burst-suppressed patients. A bipolar 8-channel EEG-montage was 

recorded. The montage was bandpass filtered into typical EEG rhythms and segmented into 2 secs 

-Moonen metric, a distance matrix between all epochs in the first hour of data from patient 1 

us to cluster this matrix into 3 clusters: Burst, Suppression and Artifact. We labelled the rest of the (test) 

data from patient 1 and patient 2 by training Support Vector Machine classifier from the labels produced 

by clustering. The EEG was scored by a neurologist to get ground truth BPM ranges (min, max for 

intervals of 10 minutes to 1 hour) for both patients. The algorithm provided estimated ranges of BPM 

for these intervals. 

Results 

The pilot data shows a high correlation of automatic burst counts compared to the manual counting. We 

found a significant Pearson correlation (patient 1: 0.84, p<0.001, patient 2: 0.83, p<0.001) and linear 

regression coefficient (patient 1: 0.85, p<0.001, patient 2: 0.7, p<0.001) between estimated and ground 

truth BPM ranges. 

Conclusions 

The automatic detection of the bursts provides an objective and fast assessment of BSP. The algorithm 

showed a slightly lower sensitivity due to the missing detection of very short or low bursts. We are 

ation. 
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Prevalence and Tolerance to 21% Oxygen in Mechanically Ventilated Neurocritically Ill Patients 

Abhijit Lele; Amanda Severson; Ellen Robinson; Andrew Walters 

Anesthesiology and Pain Medicine, Harborview Medical Center, University of Washington, Seattle, WA, 

United States 

 

Introduction 

ventilated neurocritically ill patients is unknown and explored in this study. 

Methods 

A retrospective cohort study was performed on patients admitted to the neurocritical care service 

between 1/2/2018 and 2/26/2019, Hospital-wide O2 shut down for maintenance and a switch to 

olerated with lowest being 21% 

owest SpO2 of > 92% and SpO2 < 92% amongst the patients in the pre and post-O2 

shutdown groups. 

Results 

Out of 644 neurocritically ill patients; 61 [IQR 23] years of age, and on mechanical ventilation for 1.5[IQR 

iO2. Compared to the pre-O2 shutdown group, there was 

-O2 shutdown group (31.1% 

vs. 57%, p < 0.001). Compared to the pre-O2 shutdown group, SpO2 of > 92% was maintained in the 

post-shutdown group (79.8% vs. post-O2 shutdown 79.4%, p = 0.8). The proportion of ventilator days 

-O2 shutdown group (78.9% over 5.4[0.80] ventilator days vs. 

88.4% over 7.5[0.9] ventilator days, p < 0.001). The proportion of ventilator days with SpO2 < 92% was 

similar in both groups (57% vs. 62%, p = 0.07).  

Conclusions 

-tolerated. With 

the risk of hyperoxia and its potential negative effects on neuronal injury, a subset of neurocritically 
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Comparison of Brain Temperature Measures Obtained Using a Novel Non-Invasive Sensor and an 

Invasive Intracranial Pressure Catheter During Selective Brain Cooling in Patients with Traumatic Brain 

Injury 

Raphael Einsfeld Simões Ferreira; Bernardo Lembo Conde de Paiva; Rafael Leite Pacheco; Conrado 

Feisthauer Silveira; Ricardo Silva Centeno 

, , Brazil 

 

Introduction 

Whole body hypothermia has been used as a treatment for patients with severe traumatic brain injury 

(TBI) since many years. Invasive brain temperature monitoring is the most commonly practiced for 

target temperature management in these patients; however, complications are common due to the 

invasive nature of the procedure. The objective of the current investigation was to evaluate the 

association between brain temperatures obtained using a non-invasive sensor (AccuCor) and an 

intracranial pressure/temperature (ICP) catheter during selective brain cooling in patients with TBI. 

Methods 

aluated during a selective brain cooling 

over 24 hours using both a parenchymal ICP catheter (Raumedic - PT) and the AccuCor sensor, with a 

catheter positioned in the nasopharynx. Mean temperature values for each participant were obtained 

along the cooling intervention. Outlier values derived from the AccuCor sensor were detected and 

removed prior to comparison. The variation in brain temperatures was calculated by mean temperature 

differences obtained using both measuring devices for each participant. 

Results 

Mean brain temperature values were very similar between devices: 36.04°C (35.14°C–38.36°C) for the 

ICP catheter and 36.10°C (34.55°C–38.77°C) for the AccuCor sensor (p-value: 0.05, 95% CI: -1.72 to 1.84). 

The median temperature difference between the devices was 0.41ºC (minimum: -1.21°C, maximum: 

1.18°C, p-value: 0.89). 

Conclusions 

Our results suggest that there were no differences between brain temperature measurements 

conducted using the ICP catheter and the non-invasive AccuCor sensor. This conclusion highlights the 

precision of non-invasive temperature monitoring, a safe alternative to the current invasive practice. 

monitoring procedures. 
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Coherence Analysis of Cerebral Oxygenation Using Multichannel Functional Near Infrared 

Spectroscopy Prognosticates Outcome in Patients with Sepsis Associated Encephalopathy 

Tae Jung Kim; Jaemyoung Kim; Soo-Hyun Park; Hyeon-Min Bae; Sang-Bae Ko 

Department of Neurology, Seoul National University Hospital, Seoul, Republic of Korea 

 

Introduction 

Sepsis-associated encephalopathy (SAE) is a multifactorial syndrome, characterized as diffuse brain 

dysfunction that occurs secondary to infection in the body without overt central nervous system 

infection. The prognosis for SAE is associated with the degree of cerebral damage. We investigated the 

relationship between the wavelet coherence of cerebral oxyhemoglobin (OxyHb) among different 

channels and outcomes in patients with SAE. 

Methods 

14 consecutive patients with SAE were included. Moreover, we included normal controls (n=26) for 

comparison. The cerebral OxyHb data were collected using functional near-infrared spectroscopy 

(NIRSIT, OBELAB Inc.). The coherence between sections of prefrontal OxyHb oscillations in five 

frequency intervals (I, 0.6–2 Hz; II, 0.15–0.6 Hz; III, 0.05–0.15 Hz; IV, 0.02–0.05 Hz; and V, 0.0095–0.02 

Hz) were analyzed using wavelet coherence. In addition, we analyzed the coherence of 

electroencephalography (EEG) signal in three frequency intervals (delta, 2–4Hz; theta, 4–7Hz; and alpha, 

8–13Hz). We evaluated the outcomes using Glasgow Coma Scale (GCS) cores at discharge. The patients 

were categorized into three groups of normal control, good outcome (GCS 13-15), and poor outcome 

 

Results 

Among the included SAE patients (mean age, 63.1 years; and male, 57.4%), 5 patients (35.7%) had a 

good outcome. In the poor outcome group, phase coherence was significantly lower compared to good 

outcome and the normal groups, especially for the myogenic frequency interval III (0.63±0.16 vs. 

0.68±0.19 vs. 0.28±0.06, P <0.001, respectively). However, the phase coherence of EEG signal was 

similar in two groups. 

Conclusions 

Our results demonstrated that the lower phase coherence of OxyHb in the myogenic signal, which 

originated from the vascular smooth muscle cells in the brain, was related to the poor outcome in SAE 

patients. This suggests that evaluating cerebral dysfunction using wavelet coherence of OxyHb could be 

a useful outcome predictor following SAE. 
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Factors Associated with the Development of External Ventricular Drain-related Intracranial 

Hemorrhage 

Jimmy Suh; Suhas Pai  

Medical University of South Carolina. Department of Neurosurgery, Medical University of South 

Carolina, Charleston, SC, United States 

 

Introduction 

External ventricular drain (EVD) placement is a common procedure in the neurointensive care unit and 

intracranial hemorrhage (ICH) is a recognized complication. In this study we sought to determine the 

factors associated with ICH development after EVD placement. 

Methods 

Retrospective study performed at a tertiary hospital. We identified all patients in whom an EVD was 

placed over a 13 month period. Electronic chart review was done to obtain basic demographics, past 

medical history, use of antiplatelets/anticoagulants, type of catheter placed and presence of intracranial 

hypertension (IH).  Computed tomographies were reviewed to identify EVD-associated ICH. ICHs were 

classified into symptomatic (GCS decline > 2 points, intubation, outcome of death, or new focal 

continuous variables were analyzed with a proportion of the means test. 

Results 

The sample was comprised of 106 subjects, 36 had EVD-associated ICH. The median age was 59 years. 

There was no significant difference in race or gender between patients with ICH and those without ICH. 

Age, catheter type, history or inpatient use of anti-thrombotics, recent surgery, tPA use, heparin use, 

history of hypertension, hospital outcome, prior stroke, symptomatic hemorrhages, and ICP spikes were 

analyzed,  but only age (61.1 hemorrhage and 53.6 non-hemorrhage, p = 0.023), history of anti-

thrombotic use (19/36 hemorrhage and 16/70 non-hemorrhage, p = 0.004) and ICP spikes (26/36 

hemorrhage and 35/70 non-hemorrhage, p = 0.038) were significantly associated with ICH occurrence. 

Conclusions 

Three significant factors were associated with tract hemorrhages; age, history of anti-thrombotic use, 

and ICP spikes. Two of these factors have been previously supported by prior studies however, no prior 

study has correlated ICP spikes to EVD hemorrhages. Additional studies may further validate the 

association between ICP spikes and EVD-related tract hemorrhages. 
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The Initiation, Induction and Maintenance of TTM in Patients with Large Hemispheric Infarction 

Sukyoon Lee; Han-Gil Jeong; SeongHwa Jang; Seung Bin Kim; SangWon Han; Young Joo Song; Moon Ku 

Han 

Department of Critical Care Medicine, Seoul National University Bundang Hospital, Seongnam-si, 

Gyeonggi-do, Republic of Korea 

 

Introduction 

Targeted temperature management(TTM) aimed at helping to improve neurological outcomes 

associated with ischemic stroke have been studied continuously. However, it is not well known whether 

the parameters in TTM initiation, induction, maintenance will affect neurologic prognosis. 

Methods 

We restrospectively reviewed medical records of the patients with large hemispheric infarction(LHI) who 

underwent TTM at SNUBH neurological intensive care unit from 2011.02.13. to 2015.12.31. Onset to 

TTM initiation, induction period, TTM maintenance duration were investigated and dichotomized. 

Neurologic prognosis was determined by the 3 month death and modified Rankin Scale(mRS). 

Results 

A total of 49 patients were included in the study. Longer onset to TTM initiation(>24 hours) was 

associated with less 3 month death. Shorter TTM induction period(<=2 hours) was associated with less 

death rate, more fair outcome(mRS 0-4). TTM maintenance duration(within 5 days or more) was not 

statistically correlated with neurologic prognosis. 

Conclusions 

Shorter TTM induction period may reduce death in LHI through maximizing ICP control effect. The high 

mortality rate in patients with shorter onset to TTM initiation is likely to be related to the severity of 

initial symptom(mean NIHSS 20 vs 16). 
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Posterior Reversible Encephalopathy Syndrome in Venoarterial Extracorporeal Membrane 

Oxygenation 

Catherine Hassett; Sung-Min Cho; Andrew Russman 

Cleveland Clinic, Cleveland, OH, United States 

 

Introduction 

Non-pulsatile continuous blood flow can cause endothelial dysfunction and small vasculature injury. The 

impact of non-physiologic blood flow on cerebral autoregulatory function and brain injury has not been 

extensively studied. We report a case of posterior reversible encephalopathy syndrome (PRES) in a 

patient supported by a continuous flow pump, venoarterial extracorporeal membrane oxygenation 

(ECMO) for acute cardiogenic shock secondary to iatrogenic ventricular septal defect (VSD). 

Methods 

Case presentation 

Results 

A 74 year-old male with hypertrophic cardiomyopathy was admitted for elective septal myectomy with 

an ascending aorta and hemi-arch replacement. The surgery was complicated by an iatrogenic VSD 

requiring urgent VA-ECMO cannulation for cardiogenic shock. On day 6, CT brain achieved for poor 

neurological examination revealed extensive bilateral parietal, occipital and cerebellar hypodense 

lesions consistent with the typical imaging features of PRES. A repeat CT brain on day 7 depicted further 

extension of brain injury to the bilateral frontal lobes. Due to worsening neurologic status, the decision 

was made to place an intracranial pressure monitor and lower the ECMO flow to return to a pulsatile 

flow state. The patient was closely monitored for improvement with PaCO2 levels, serial CT scans, and 

neurologic examinations. Repeat CT scans on POD 10 and 13 depicted improvement in the bilateral 

cytotoxic edema with PaCo2 levels improving to 34 – 38mmHg at a reduced ECMO flow rate of 2.2 – 

3.3L/min. His neurologic examination also improved with spontaneous movements noted in all four 

extremities. Although neurologically cleared for heparin loading, he remained too hemodynamically 

unstable for open surgical repair and his surrogate decision makers decided to withdraw life-sustaining 

therapy. 

Conclusions 

Our case report illustrates the limited knowledge on the consequences of ECMO’s impact on cerebral 

dynamic cerebrovascular autoregulatory changes in real-time that occur with patients with continuous 

flow pumps. 
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Clinical Usefulness of Quantitative Assessment of Pupillary Light Reflex in Hospital-onset 

Unresponsiveness 

Soh Hyun Choi; Hyunjo Lee; Bobin Park; Hanbin Lee; Jun Young Chang; Yoon-Hee Hong; Sang-Beom Jeon 

Asan Medical Center, Seoul, Republic of Korea 

 

Introduction 

Hospital-onset unresponsiveness (HOU) may occur in patients hospitalized for non-neurological 

conditions; while HOU tends to be a transient systemic event, it may also indicate underlying 

neurological problems. Quantitative pupillometry provides NPi (neurological pupillary index), a 

quantitative measurement of pupillary light reflexes that have been traditionally assessed via subjective 

visual impression. We determined the clinical usefulness of NPi in predicting the outcomes of patients 

who have experienced HOU. 

Methods 

HOU was defined as a newly developed altered mental status and cases coded as “unresponsive” in the 

ACDU (alert, confused, drowsy, and unresponsive) scale. We analyzed the demographics, radiological 

findings, etiology of HOU, NPi, in-hospital mortality, and 3-month modified Rankin Scale (mRS) scores. 

Results 

A total of 345 cases in 331 patients were analyzed, out of which 214 cases (62%) had been assessed with 

quantitative pupillometry. Cerebral herniation syndrome (CHS) was found in 52 (15%) cases; higher NPi 

was associated with decreased risk for CHS (odds ratio, 0.61; 95% confidence interval [CI], 0.26–0.77; 

p=0.003), and no other factors were associated with the risk of CHS. A total of 102 (30%) cases showed 

in-hospital mortality. After controlling for clinical covariates and the presence of CHS, lower NPi was 

independently associated with increased risk for in-hospital mortality (odds ratio, 0.52; 95% CI, 0.29–

0.94; p=0.02). At a cutoff value of 1.8, the specificity and sensitivity of NPi for predicting in-hospital 

mortality were 92% and 50%, respectively. Multivariate analysis showed an independent association 

between lower NPi and unfavorable clinical outcomes (common odds ratio, 0.64; 95% CI, 0.51–0.80; 

p=0.02). 

Conclusions 

NPi, a quantitative index of pupillary light reflex, was significantly associated with the risk of cerebral 

herniation and in-hospital mortality in non-neurological patients with HOU. Measuring pupillary light 

reflexes through quantitative pupillometry may be useful when responding to HOU cases. 
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Association Between Time to Return Of Spontaneous Circulation And Shivering In Cardiac Arrest 

Patients Receiving Targeted Temperature Management 

Farid Sadaka; David Uhls; Nikhil Organti; Jacklyn O’Brien 

Mercy Hospital St. Louis/St. Louis University; Critical Care/Neurocritical Care, St. Louis, MO, United 

States 

 

Introduction 

Target Temperature Management (TTM) improves survival and neurologic outcome and is 

recommended for cardiac arrest (CA) survivors by international guidelines. Shivering is both an 

anticipated consequence and a major adverse effect of TTM. The Bedside Shivering Assessment Scale 

(BSAS) is a simple, validated four-point scale that enables repeated quantification of shivering at the 

bedside. In this study, we examine the association between time to return of spontaneous circulation 

(TTROSC) and shivering (defined as BSAS > 0). 

Methods 

Data on 30 post-cardiac arrest patients treated with TTM were collected from APACHE Outcome 

database and medical records. Baseline characteristics included age, APACHE III scores, TTROSC 

(minutes), time to target temperature (TTT, minutes), and BSAS > 0 (percentage of hours BSAS > 0/total 

number of hours BSAS was done). Outcome was survival to hospital discharge with good neurologic 

outcome. Group 1 and Group 2 included patients with TTROSC below or above the median respectively. 

All patients received continuous infusions of fentanyl and sedatives (propofol, midazolam, and/or 

dexmedetomidine) as per our institution’s protocol. 

Results 

Compared to Group 1 (n = 15), Group 2 (n = 15) had similar age (57 ± 21 vs 59 ± 17, p = 0.8), similar 

APACHE III scores (104 ± 28 vs 104  ±  33, p = 1.0), longer TTROSC (27 ± 12 vs 5 ± 2, p = 0.0001), similar 

TTT (485 ± 181 vs 439 ± 353, p = 0.7), more shivering (5.8 % vs 3.2 %, p = 0.03), and similar survival with 

good neurologic outcome (20 % vs 27 %, p = 0.7) respectively. TTROSC was strongly positively correlated 

with shivering (Pearson correlation coefficient, r = 0.78). 

Conclusions 

In comatose survivors of cardiac arrest who received TTM, longer TTROSC (indirect measure of brain 

injury) was associated with more shivering. These findings should be further investigated in prospective 

studies. 
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The Impact of Increased Intracranial Pressure on Pupillometry: A Replication Study 

Sameer Al-Obaidi; Folefac Atem; Sonja Stutzman; DaiWai M. Olson 

University of Texas Southwestern Medical Center, Department of Neurology and Neurotherapeutics, 

Dallas, TX, United States 

 

Introduction 

Pupillometry assessment of the pupillary light reflex (PLR) is gradually replacing manual PLR assessment. 

This new technology has led to a recent increase in clinical research and subsequent need to validate 

those results. McNett et al. recently investigated the association between intracranial pressure (ICP) and 

serial pupillometer values and found that pupillometry readings are different significantly in the setting 

of increased ICP.  This is a replication of the  McNett study in a larger multicenter cohort to explore 

these findings. 

Methods 

Data from the Establishing Normative Data for Pupillometer Assessments in Neuroscience Intensive Care 

(END-PANIC) Registry include over 3,000 patients with a neurological condition. 273 subjects with 

documented ICP readings provided 16,221 observations (daily mean ICP values) which were included in 

this analysis. Statistical analysis (SAS v9.4) included descriptive statistics and to examine the differences 

. 

Results 

Subject mean age was 53 years,  52% were female and 76.6% were Caucasian. Student t-test analysis 

was used to explore for differences. Excepting latency and right eye NPi, lower PLR values were 

associated with higher ICP (compared to low or normal ICP) for all mean pupillometer/PLR variables for 

both left and right eyes (t range [-9.78 to 33.67]; p-value range [<0.0001 to 0.03]). 

Conclusions 

The findings confirm and extend those of McNett. Patients with increased ICP tend to have lower 

pupillometer readings. Automated pupillometer is a non-invasive method that provides prediction of 

the ICP trends which can help neurocritical care professionals in assessing patients with neurological 

conditions. 
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Pupillary Abnormalities in Cirrhotic Critically Ill Patients 

Marco Menozzi; Lorenzo Peluso; Eugenio Di Bernardini; Jacques Creteur; Fabio Silvio Taccone 

Department of Intensive Care, Erasme Hospital Université Libre de Bruxelles, Brussels, Belgium 

 

Introduction 

Encephalopathy is a common complication in cirrhotic patients. Clinical manifestations are diverse, but 

few data are available on pupillary abnormalities in such patients. The aim of this study was to evaluate 

whether automated pupillometry could detect pupillary dysfunction in this patients’ population. 

Methods 

Prospective ongoing study including the assessment of the pupillary changes to light stimulation using 

automated pupillometry (NeuroOptics, Irvine, USA) in adult cirrhotic patients after ICU admission. The 

degree of encephalopathy was scored by the Glasgow Coma Score (GCS). Severity of cirrhosis was 

assessed by the Child-Pugh and MELD scores. Severity of liver encephalopathy was assessed according 

to standard criteria. Different biological variables, including ammonium (NH4), was measured to 

pupillary assessment. The median values of pupillometry-derived variables were collected for both eyes. 

Results 

Twenty-three patients (median age 65 [57-70] years; male gender 12/23) have been included so far. 

Most frequent reasons of admission were upper gastro-intestinal bleeding and infection (12/23). GCS, 

Child-Pugh and MELD on admission were 15[3-15], 9[8-12] and 19[10-28], respectively; median NH4 

levels were 108 [78- -Pugh and NH4 levels were 

found with any of the pupillometry-derived variables. No differences in pupillometry-derived variables 

were observed across different degree of liver encephalopathy. 

Conclusions 

Automated pupillometry did not show correlations between pupillary abnormalities and the severity of  

critically ill patients with liver cirrhosis. 
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Quantitative EEG Analysis Improves Early Prediction of Command-following After Cardiac Arrest 

Andrew Bauerschmidt; Andrey Eliseyev; Kevin W. Doyle; Angela Velasquez; Anna Calderon; Jennifer 

Egbebike; Soojin Park; David Roh; Sachin Agarwal; Wendy Chiu; Vedika Kumar; Ayham Alkhachroum; 

Caroline Der Nigoghossian; Clio Rubinos; Jan Claassen 

Columbia University Medical Center, Department of Neurology, New York, NY, United States 

 

Introduction 

Prognostication in comatose survivors of cardiac arrest (CA) remains challenging.  The purpose of this 

study was to determine if early quantitative analysis of resting EEG can improve prediction of command-

following by post-CA day 10. 

Methods 

We prospectively enrolled patients admitted after CA. Clinical care was performed according to our 

institutional protocol, which includes continuous EEG monitoring.  20-minute resting EEG epochs were 

clipped daily; clips were excluded if seizures or other confounders were present. Epochs from post-CA 

days 1-6 were preprocessed for artifact reduction, then analyzed for three quantitative metrics: power 

spectral density, permutation entropy, and coherence.  We created a predictive model using partial 

least squares regression analysis to distinguish EEG data as from patients who would or would not 

recover command-following by post-CA day 10. Cross-validation of results was accomplished with a 

1000-times random assignment of 50% of data as training set and 50% as testing set. 

Results 

368 EEG clips were analyzed from 98 patients (59.1% female, age 57.8+/-1.8 years, pre-morbid mRS 

1.7+/-0.2 and CPC 1.4+/-0.1). Cardiac arrests occurred out-of-hospital in 52%, witnessed in 80.4%, and 

had bystander CPR in 74.5%.  Mean time to ROSC was 19+/-2 minutes, 31.4% had a shockable initial EKG 

rhythm, and 74.5% of patients received therapeutic hypothermia. Prior to day 10, 39.2% regained 

consciousness and 19.4% had withdrawal of care. Using EEG data alone, predictive ability (expressed as 

average area under the receiver operating characteristics curve) yielded AUC 0.773+/-

comparison, the same model was constructed using clinical features (absence of pupil and corneal 

reflexes by day 5) or laboratory testing (peak NSE level).  The model combining clinical, laboratory, plus 

EEG data yielded AUC 0.835+/-0.029, an improvement vs clinical features (AUC 0.720+/-0.002, p<0.001) 

or NSE levels (AUC 0.750+/-0.03, p<0.001) alone. 

Conclusions 

Quantitative EEG analysis may provide adjunctive prognostic information regarding short-term recovery 

of consciousness. 
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Multimodal Approach for Prognostication after Cardiac Arrest: Post Hoc Analysis of a Multicentric 

Cohort 

Eugenio Di Bernardini; Mauro Oddo; Claudio Sandroni; Giuseppe Citerio; Jean-Francois Payen; Janneke 

Horn; Malin Rundgren; Alain Cariou; Cristian Storm; Pascal Stammet; Jacques Creteur; Fabio Silvio 

Taccone 

Department of Intensive Care, Clinique Universitaire de Bruxelles Hopital Erasme, Brussels, Belgium 

 

Introduction 

International Guideline recommended pupillary light reflex (PLR) and/or cortical response (N20) to 

short-latency somatosensory evoked potentials (SSEPs) at 72 hours after return to spontaneous 

circulation as the only strong predictors of unfavorable outcome in comatose patients after cardiac 

arrest. The aim of this study was to compare this algorithm with a multimodal approach including other 

prognostic tools. 

Methods 

Post hoc analysis of an international multicenter (n=10; n=456 patients)  prognostic study on automated 

pupillometry in comatose post-CA patients. The primary study endpoint was the accuracy of NPI in 

predicting 3-month unfavorable neurological outcome (UO), defined as Cerebral Performance Category 

(CPC) of 3-5 (severe disability, unresponsive wakefulness or death). Patients with findings on PLR, SSEPs, 

NPI and EEG were included; the highest NSE was also recorded, whenever available. An NPI <2 on day 1, 

a discontinuous EEG background or clinical myoclonus over the first 3 days, bilaterally absence of N20 

calculated as: false positive / favorable outcome. 

Results 

We included 186 patients; 131 (70%) of those had UO. Using the approach of Guidelines, unfavorable 

outcome at day 3 was observed in 41/44 patients with absent PLR and 63/63 with absent N20; 80/131 

(61%) patients with UO were identified. Using the multimodal approach, UO was identified in 15/15 

patients with NPI <2, in 67/81 patients with discontinuous EEG, in 50/52 patients with myoclonus and 

 

Conclusions 

This study suggests that a multimodal approach, including NPI, EEG, SSEPs and NSE, could identify a 
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Legal Criteria for Brain Death around the World 

Ariane Lewis; Sarah Quayyum; Sylvia Torrance; David Greer; Gene Sung; Sam D. Shemie; Rosanne 

Dawson 

NYU Langone Medical Center, New York, NY, United States 

 

Introduction 

After physicians introduced the idea to declare death based on loss of brain functionality, many 

countries incorporated brain death into their legal criteria for death. We sought to learn about the 

global legal perspective on brain death declaration (BDD). 

Methods 

We collected legal documents about declaration of death around the world by searching national 

legislative databases and Google. We utilized Google Translate to convert all documents into English 

then searched for references to criteria for BDD. In cases where there was conflicting information, we 

consulted local experts. 

Results 

We located legal documents on death declaration for 49 countries, 45 of which included a reference to 

brain death. Legally stipulated criteria for BDD were identified for 32/49 countries. With respect to 

prerequisites for BDD legal stipulations existed in: 28/32 countries on confounders to exclude, 16/32 

countries on an observation period before BDD, 19/32 countries on the minimum temperature for BDD 

and 8/32 countries on the minimum blood pressure for BDD.  An assessment for coma was legally 

required in 30/32 countries. The fact that spinal reflexes do not preclude BDD was included in the legal 

criteria for BDD in 12/32 countries. A broad reference to an assessment for brainstem areflexia was 

legally mandated in 27/32 countries. The legal criteria included specific reflexes to test in 25/32 

countries (pupillary 23/32, corneal 23/32, oculocephalic 18/32, oculovestibular 24/32, gag 20/32, cough 

22/32, and other 4/32). Every country legally required an assessment for the inability to breathe 

spontaneously, but only 17/32 described apnea testing in detail. The number of clinical exams required 

for legal BDD ranged from 1-5. Ancillary testing was legally required in 9/32 countries. 

Conclusions 

The legally stipulated criteria for BDD differ around the world. Standardizing the global legal perspective 

on BDD would help prevent 1) variability in practice and 2) false BDDs. 
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Midbrain Injury is Common in Patients with Abnormal Pupillary Light Reflex after Cardiac Arrest 

Richard Riker; Max Sale; Mary Sawyer; Tyler Nussinow; Teresa May; Michael DiGianvittorio; David Seder 

Maine Medical Center, Portland, OR, United States 

 

Introduction 

Up to 65% of patients monitored with pupillometry during therapeutic temperature management (TTM) 

after cardiac arrest will have sluggish (SL) or non-reactive (NR) pupils. The neuroimaging findings and 

injury patterns of these patients have not been reported. 

Methods 

115 adult patients treated with TTM after cardiac arrest with available pupillometry data from the 

NeurOptics NPi-200 were studied. Discharge outcome was classified as poor (PO) if the Cerebral 

Performance Category score was 3-5, and as good if 1-2. Pupil size, percent constriction, and 

constriction velocity were determined throughout TTM using data from the worst eye at each 

assessment. The Neurological Pupil index (NPi) was scored from 0 (NR) to 5 (brisk),  with values <3 

considered SL. Computed tomography (CT) and magnetic resonance (MR) neuroimaging was reviewed 

by a neuroradiologist blinded to pupillometry and outcome data. 

Results 

Poor outcomes occurred in 34/35 (97%) patients with NR pupils during TTM, 22/34 (65%) patients with 

SL pupils, and 25/46 (54%) with normal (NL) pupil reactivity. Pupil size did not predict outcome, but 

pupillometry data during TTM predicted poor outcome with AUC 0.73-0.78. When nonreactive pupils 

were first detected, 24/35 (68%) were <5 mm.  44% of patients had CT imaging, and 30% had MR 

imaging a median of 102 (IQR 78-123) hours after recovery of spontaneous circulation. Cerebral edema 

or herniation were identified in 7/19 (37%) NR vs 1/22 (5%) SL and 0/21 NL patients (p<0.001). Midbrain 

injury identified by T2 sequences was identified in 15/41 (36%) NR/SL patients versus 3/21 (14%) NL 

patients (p=0.06). Midbrain abnormalities were identified more often in patients with NR/SL pupils than 

edema/herniation (36% vs 20%, p=0.003). 

Conclusions 

A minority of patients with sluggish or non-reactive pupils after cardiac arrest have evidence of cerebral 

edema or herniation.  Midbrain injury is a more common mechanism to explain this common neurologic 

deficit. 
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MRI Factors Associated with Arousal Recovery in Comatose Survivors of Cardiac Arrest 

Matthew N. Jaffa; Stephanie Chen; Jiacheng Zhou; Prashant Raghavan; Wan-Tsu W. Chang; Neeraj 

Badjatia; Melissa Motta; Nicholas A. Morris; Gunjan Y. Parikh 

University of Maryland School of Medicine, Program in Trauma, Department of Neurology, Baltimore, 

MD, United States 

 

Introduction 

Cardiac arrest (CA) survivors are often comatose and their arousal recovery is dependent on the extent 

of hypoxic-ischemic injury (HII). Long-term neurologic outcomes are variable, difficult to predict, and 

biased by withdrawal of life-sustaining therapy. Somatosensory evoked potentials (SSEP) remain the 

gold standard for predicting arousal potential, but is not broadly available. We hypothesized that early 

hi-resolution MRI may help assess arousal recovery potential as predicted by electrophysiologic 

outcome. 

Methods 

Comatose survivors of cardiac arrest admitted to an ICU between June 2015 and January 2018 who 

underwent SSEP and MRI were retrospectively identified. 3D-

HII burden in 16 predefined regions. Semi-automated region-of-interest (ROI) tools in MIPAV were used 

to draw borders on DWI around the upper brainstem including the ascending reticular activating system 

(ARAS) to assess voxel intensity and derive HII volumes. Our outcome of interest was SSEP findings 

classified in two prognostic categories: indeterminate (bilaterally present N20s or unilateral presence of 

N20s) and poor prognosis (bilaterally absent N20s). We used paired t-tests to compare presence of 

signal abnormality and ROIs between patients with SSEPs predicting poor outcome or indeterminate 

prognosis. 

Results 

42 consecutive CA survivors (mean age of 51.3, 31% female) were included. No significant differences 

were noted in baseline characteristics between groups though time to ROSC was noted to be 9 vs 20 

mins for indeterminate and poor outcomes (p = 0.

extent did not predict SSEP status. No significant difference was noted in the voxel intensities on ADC in 

the midbrain or pontine tegmentum. 

Conclusions 

Quantitative MRI measures of HII extent may be superior in predicting arousal potential in comatose 

survivors of CA compared with manual rating. A quantitative image analysis pipeline is being developed 

for measuring ARAS lesion burden and predicting electrophysiologic based outcomes in CA. 
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Impact of Therapeutic Hypothermia During Cardiopulmonary Resuscitation: A Systematic Review and 

Meta-analysis 
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Silvio Taccone 

Department of Intensive Care, Clinique Universitaire de Bruxelles Hopital Erasme, Brussels, Belgium 

 

Introduction 

Despite promising preclinical results, the application of intra arrest therapeutic hypothermia (IATH) 

during cardiopulmonary resuscitation have produced controversial results in clinical trials. The aim of 

this review was to analyze the effects of such therapy on relevant outcomes in patients suffering from 

out-of-hospital cardiac arrest (CA). 

Methods 

The following databases have been searched up to 26th May 2019 for human trials: PubMed (from 

1966), EMBASE (from 1974), CINAHL (from 1982), the Cochrane Library (from 1974) and Ovid/MEDLINE 

(from 1966). The search strategy will use the following terms: “arrest” OR “cardiac arrest” OR “heart 

arrest” AND "intra arrest" OR "during CPR" OR "intra CPR" AND “hypothermia” OR “therapeutic 

hypothermia” OR “cooling”. References from identified studies and relevant review articles have also 

been searched for additional eligible citations. The search has been limited to English publications and 

has been conducted in accordance with the International Liaison Committee on Resuscitation (ILCOR) 

process of evidence evaluation. 

Results 

A total of six human studies (n=2869; 1386 treated with IATH) including four randomized controlled trial 

(LOE 1), one retrospective and one prospective controlled study (LOE 3) were identified. Two studies 

used trans-nasal evaporative cooling and 4 others intravenous cold fluids. Overall rate of return of 

spontaneous circulation was similar between IATH patients and controls (542/1386 vs. 551/1483; OR 

1.06 [0.91-1.23]). IATH did not improved survival (167/1386 vs. 176/1483; OR 1.02 [0.81-1.28]) and 

favorable neurological outcomes (CPC 1-2: 126/1386 vs 108/1483; OR 1.16 [0.88-1.52]) when compared 

to control group. No differences were found in the subgroup of shockable vs non-shockable rhythms. 

Different effects on outcomes were observed according to the method used to induce IATH when 

compared to controls.  

Conclusions 

IATH was not associated with improved outcomes when compared to standard of care. However, the 

method used to induce IATH may potentially influence the beneficial effects of such intervention. 
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EEG Signature of Recovery of Consciousness in Patients Treated with Amantadine after Acute Brain 

Injury 

Ayham Alkhachroum; Andrey Eliseyev; Caroline A. Der-Nigoghossian; Clio Rubinos; Julie Kromm; 

Elizabeth Mathews; Andrew Bauerschmidt; Kevin Doyle; David Roh; Soojin Park; Sachin Agarwal; Sander 

Connolly; Jan Claassen 

Columbia University- Neurocritical Care, New York, NY, United States 

 

Introduction 

Amantadine may improve functional recovery in the subacute state following brain injury. We aimed to 

characterize EEG signatures in patients with acute brain injury (ABI) receiving amantadine that did and 

those that did not recover consciousness. 

Methods 

We studied a consecutive series of 44 patients with acute brain injury patients who were treated with 

amantadine as a neurostimulant between September 2013 and December 2017. All patients were 

initially comatose and underwent EEG prior to and after the initiation of amantadine. The ability to 

follow commands was assessed daily based on prior published methodology (Claassen et al, AnnNeurol 

2016). EEG features that were assessed included sleep stages, posterior dominant rhythm (PDR), and 

power spectral density plots. We applied a multivariate regression model using generalized estimating 

equations (GEE) to identify EEG features correlated with recovery of command following. EEGs were 

analyzed by a board certified neurophysiologists. 

Results 

-free EEG clips), 30 patients (68%) recovered consciousness 

during hospitalization. ICH was the most common etiology in 22 (50%) patients, followed by SAH in 7 

(16%) patients. On average amantadine was given for 11 +/- 8 days. 14 patients (32%) had seizures, only 

2 patients (14%) after starting amantadine. In our GEE model, age (p=0.01), sleep structures (p=0.02), 

PDR (p=0.03), and cumulative dose of amantadine (p=0.03) were all associated with recovery of 

command following. Spectral features corresponding to higher levels of anterior forebrain 

corticothalamic integrity correlated with higher levels of consciousness in 100% of recorded patients 

after 7 days of amantadine use. The best spectral pattern per patient was seen 1.5 days on average prior 

to recovery of consciousness. 

Conclusions 

EEG may provide a biomarker that indicates subsequent recovery of consciousness in unconscious 

patients with an acute brain injury that are treated with amantadine. 
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Cerebral Glucopenia is Associated with Cerebral Physiologic Distress After Hypoxic-ischemic Brain 

Injury 

Margaret Huynh; Izad Rasheed; Jovany Cruz-Navarro; Swarna Rajagopalan; Benjamin Abella; W. 

Andrew Kofke; Ramani Balu 

Department of Neurology, University of Pennsylvania, Philadelphia, PA, United States 

 

Introduction 

Depletion of cerebral glucose (i.e., cerebral glucopenia) occurs commonly and is associated with poor 

outcome in traumatic brain injury and subarachnoid hemorrhage. However, the incidence of cerebral 

glucopenia after diffuse hypoxic-ischemic brain injury (HIBI) is unknown. We characterized the burden of 

cerebral glucopenia after HIBI and its association with markers of physiological distress and outcome. 

Methods 

We retrospectively analyzed cerebral microdialysis data from a cohort of 22 patients with HIBI. 21 

patients survived sudden cardiac arrest and 1 patient had severe hypoxia after polysubstance overdose. 

Hourly values of cerebral glucose, lactate, pyruvate, and glycerol as well as continuous intracranial 

pressure (ICP), arterial blood pressure (ABP) and interstitial brain oxygen (PbtO2) were recorded. 

Associations between average glucose/patient-day versus average lactate:pyruvate ratio, glycerol, ICP, 

PbtO2, and ABP were analyzed using linear regression. Burden of glucopenia (defined % time with 

glucose < 0.7 mmol/L) was analyzed by patient-day. The relationship between glucopenia burden and 

discharge outcome was analyzed using the Wilcoxon rank sum test. 

Results 

Lower cerebral glucose was associated with higher cerebral glycerol (p=0.005), higher LPR (p=0.0002), 

higher ICP (p<0.0001), and lower PbtO2 (p=0.012) levels. There was no association between ABP and 

cerebral glucose (p = 0.12). Glucopenia burden increased progressively over time and peaked by post-

injury day 8. 5/22 patients had good outcome (defined as return of consciousness prior to discharge). 

There was no association between outcome and cerebral glucopenia burden (p = 0.4351). 

Conclusions 

Cerebral glucopenia is common after HIBI and associates with markers of cellular distress. The burden of 

cerebral glucopenia progressively increases over several days and appears to peak more than 1 week 

after injury. Although there was no association between outcome and glucopenia burden, the number 

of patients in this study with good outcome was low. The utility of cerebral glucose monitoring after HIBI 

merits further study. 
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A Multimodal Approach for Prognostication of Post-Anoxic Brain Injury 

Lorenzo Peluso; Lorenzo Peluso; Thomas Boidsenghien; Lili Mateus Sanabria; Bedrana Moro Salihovic; 

Jacques Creteur; Jean-Louis Vincent; Nicolas Gaspard; Fabio Silvio Taccone 

Department of Intensive Care, Erasme Hospital Université libre de Bruxelles, Brussels, Belgium 

 

Introduction 

International Guideline recommends using bilaterally absence of pupillary light reflex (PLR) and/or 

bilaterally absence of the cortical response (N20) to short-latency somatosensory evoked potentials 

(SSEPs) at 72 hours after return to spontaneous circulation to predict unfavorable outcome in comatose 

patients after cardiac arrest. The aim of this study was to compare this algorithm with a multimodal 

approach including other prognostic tools. 

Methods 

Retrospective study of adult (>18 years) cardiac arrest patients admitted from January 2016 to March 

2019 and who underwent multimodal monitoring. We collected demographic characteristics and cardiac 

arrest data, together with SSEPs, the presence of burst-suppression on early EEG, a neurological 

pupillary index on the automated pupillometry <2 at 24 after arrest and a neuron-specific enolase (NSE) 

 3-month unfavorable neurological outcome (UO) with Cerebral 

 

Results 

We included 143 patients; 104 (73%) of those had UO. Using the approach of Guidelines, unfavorable 

outcome at day 3 was observed in 7/14 patients with absent PLR, in 16/16 with absent N20 and 14/14 

with combined absent pupillary light reflex and N20; 51/104 (49%) patients with UO were identified. 

Using the multimodal approach, UO was identified in 30/30 patients with NPI <2 and 36/37 patients 

with BS on EEG. Among the others, UO was associated with absent N20 in 4/4 patients and with high 

NSE values in 14/18 patients. This approach identified 84/104 (81%) patients with unfavorable outcome. 

The Area Under Curve to predict UO for the approach of Guidelines was 0.66, which increased to 0.80 

with the multimodal approach. 

Conclusions 

This study suggests the a multimodal approach, including NPI and BS on EEG, SSEPs and NSE, has a 

higher predictive value for UO than recommended predictive tools. 
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EEG characteristics and seizure prevalence among Cardiac Arrest Survivors with Good Neurological 

Outcomes 

Ayham Alkhachroum; Evie Sobczak; Alex Presciutti; David Roh; Soojin Park; Jan Claassen; Sachin 

Agarwal  

Columbia University- Neurocritical Care, New York, NY, United States 

 

Introduction 

There is a high prevalence of seizures following cardiac arrest (CA), but not well studied among survivors 

with good neurological recovery. We describe the prevalence of clinical and electrographic seizures, 

anti-epileptic use, and EEG characteristics of CA survivors with good neurological outcomes. 

Methods 

Adults with return of spontaneous circulation (ROSC) after in-hospital or out-of-hospital CA between 

9/2015-2/2019 were eligible. A consecutive sample of survivors with 

included. Prevalence of seizures and antiepileptic drugs (AED) use within 12-months after discharge 

were collected using a questionnaire administered via in-person or phone. A board-certified clinical 

neurophysiologist reviewed the EEG. 

Results 

Of 148 patients surviving to discharge, 93 (63%) with 12-months follow-up were analyzed. Average age 

was 56±16 years, 32 (34%) were women, 81 (87%) patients had witnessed arrest, 44 (47%) received 

defibrillation, with an average ROSC duration of 12±12 minutes, and a median CPC of 2 at discharge. 

There were no clinical seizures reported during hospitalization. Of available 63 (68%) patients with raw 

EEG (median duration of 4 days), only 2 (3%) patients had electrographic seizures, 47 (74.6%) had 

continuous background as their best EEG pattern, 6 (10%) with discontinuous background, 5 (8%) with 

epileptiform discharges, and 2 (3%) patients had burst suppression pattern that recovered later to a 

normal EEG pattern. None of the patients had any malignant EEG patterns, 58 (92%) exhibited reactivity 

to a verbal or tactile stimulation and 38 (60%) had the presence of sleep structures and posterior 

dominant rhythms. Surprisingly, 20 (13%) patients were discharged on an AED. Clinical seizures and AED 

use were reported in 2/93 (2%) at 12-months follow up. 

Conclusions 

Both short and long-term seizure burden are very low among the cardiac arrest survivors with good 

neurological recovery. Underlying factors related to high utilization of AED before discharge warrants 

further investigation. 
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Resting State fMRI for Disorders of Consciousness and Prognostication in the Pediatric ICU Population 

Varina L. Boerwinkle; Iris Marku; Tara Mangum; Brian Appavu 

Barrow Neurological Institute at Phoenix Children's Hospital, Phoenix, AZ, United States 

 

Introduction 

Objective: Early neuro-prognostication in the intensive care unit pediatric patients is essential to enable 

effective care planning, triaging level of care, and family support. In coma, the reliability of biomarkers 

such as electroencephalogram (EEG), anatomical neuroimaging to determine potential for consciousness 

and future functional capacity are less established in children. Herein we present two case studies 

highlighting resting state functional MRI (rs-fMRI) as a clinically new means defining real-time brain 

function in the pediatric critically ill population. 

Methods 

rs-fMRI measures spontaneous low-frequency fluctuations in the blood oxygen dependent (BOLD) signal 

to investigate the networks of the brain. A standardized acquisition of data on a 3 Tesla MRI under light 

tool MELODIC. Whole brain networks determined by independent component analysis with false 

discovery rate at p<0.05 to detect major brain networks. 

Results 

Cases describe two critically ill children. One, with severe brain injury related to acute necrotic 

encephalopathy, and the other with diabetic ketoacidosis induced cerebral edema and uncal herniation. 

Both had slow EEG background with sleep features approximately a week after presentation and were 

comatose by exam on the day of rs-fMRI. Rs-fMRI detected normal brain function in the long-range 

fronto-parietal network, intact language-area networks, and default mode network. Atypical networks 

were detected in brainstem and deep grey in both children. By hospital discharge, both children were 

awake and communicative with spontaneous movements. Case one remain with tracheostomy with 

intermittent ventilation, case two had residual left hemiparesis, vision and language intact, mild 

cognitive deficits. 

Conclusions 

In the cases reviewed, rs-MRI may offer an objective measure of functional brain capacity and potential 

for meaningful recovery with preservation of language and long range connectivity networks in critically 

ill pediatric patients. 
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Feasibility Of Apnea Testing On Conventional Mechanical Ventilation During Brain Death Evaluation 

Venkatakrishna Rajajee; Shahid, Ahmad,; Craig Williamson; Teresa Jacobs; KyleSheehan; 

Venkatakrishna Rajajee 

Departments of Neurosurgery & Neurology, University of Michigan, Ann Arbor, MI, United States 

 

Introduction 

Provision of positive end-expiratory pressure (PEEP) through a conventional ventilator during apnea 

testing for brain death determination removes the need for additional equipment such as a PEEP valve, 

allows for use of high PEEP during apnea in patients with severe hypoxic respiratory failure and 

facilitates detection of respiratory effort on flow scalars. The advent of ventilators that permit 

deactivation of the apnea backup setting has made such testing possible. Our goal was to examine the 

feasibility of PEEP use with conventional mechanical ventilation during apnea testing, with a focus on 

premature termination and inadvertent external triggering. 

Methods 

performed without disconnection from the ventilator (Dräger Evita® Infinity® V500), with deactivation of 

the apnea backup. This was a convenience sample based on availability of appropriately trained 

-Support and 

PEEP 5-15cmH2O. Apnea was confirmed by absence of chest rise and respiratory effort on the flow 

scalar. Adequacy of respiratory stimulus was established by a CO2>60mmHg and 20-point CO2 rise from 

baseline.  Endpoints included early termination of the apnea test prior to 10 minutes because of patient 

instability, any oxygen desaturation below 90% and inadvertent external triggering. Inadvertent external 

triggering required repeat of apnea testing. 

Results 

Ten patients underwent apnea testing while connected to the ventilator. Apnea testing for at least 10 

minutes was successful in all patients. Apnea was confirmed in all cases. No patient suffered oxygen 

desaturation below 90% or other instability. There was one instance of inadvertent external triggering 

caused by jostling of tubing, necessitating repeat testing. 

Conclusions 

Apnea testing with provision of PEEP through a conventional ventilator to improve tolerance is feasible. 

Inadvertent external triggering is uncommon but may occur. 
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Simulation Based Training Improves Critical Care Fellow Knowledge and Comfort in Brain Death 

Declaration and Surrogate Counseling 

Patrick Chen; Cynthia, Gonzalez; Jamie Labuzetta 

University of California, San Diego, Department of Neurosciences, Section of Neurocritical Care, San 

Diego, CA, United States 

 

Introduction 

Despite well-defined AAN guidelines on brain death declaration, there is marked variability in its practice 

nationally. This highlights the need for targeted brain death education initiatives. Communication with 

surrogates or families about a brain death diagnosis and its implications is integral to brain death 

declaration, yet this has not been studied in a simulation setting. We developed a brain death simulation 

curriculum at our institution addressing knowledge and surrogate communication skill development.  

Methods 

As part of this curriculum, multi-disciplinary critical care fellows completed a pre-curriculum multiple 

choice (MC) knowledge test and survey (Likert 1-10 scale) evaluating comfort and confidence. A 

mandatory one-hour neurocritical care attending-led didactic regarding guidelines and technical aspects 

of brain death examination was conducted.  Subsequently, each fellow performed an observed brain 

death examination (SimMan3G mannequin) with feedback followed by a standardized family scenario 

with delivery of a brain death -simulation 

survey, MC questions, and provided feedback. Statistical analyses used 2-tail Wilcoxon signed rank test 

(p<.05). 

Results 

Thirteen critical care fellows participated (neurology[1], anesthesia[5], trauma[4], pulmonary[3]). Only 

one fellow had previous formal brain death training with the majority [80%, (N=12)] only participating in 

0-5 brain death declarations. There was significant improvement across all measures: self-rated 

knowledge (5.6 to 7.9, pre-simulation to post-simulation, p= 0.004), knowledge relative to peers (48% to 

81%, p=0.002), confidence (4.5 to 8.1, p=0.001) and comfort (4.3 to 8, p=0.001) with performing a brain 

death exam, and comfort with family discussion (6.5 to 8.6, p=0.01). Test scores improved from 56% to 

73% after simulation (p=0.004).  All fellows found the curriculum beneficial (with all aspects well-

received).  

Conclusions 

Critical care fellows may lack experience with brain death declaration. Didactics coupled with 

simulation-based education can improve objective knowledge and comfort with brain death declaration 

and surrogate communication. 
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Feasibility of Examination via Telepresence for Determination of Brain Death 
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Neurocritical Care, Department of Neurology, Thomas Jefferson University Hospital, Philadelphia, PA, 

United States 

 

Introduction 

There is a growing disparity between availability and demand for neurologic expertise, particularly in 

smaller community hospitals. Telemedicine has helped to bridge this disparity with respect to 

cerebrovascular disease and is used increasingly to deliver other types of neurologic expertise to 

patients. While the NIHSS is widely used in telestroke, other formalized neurologic exams have not been 

well studied. We seek to determine whether the components of a brain death exam can be reliably 

performed via telepresence. 

Methods 

Patients suspected of meeting brain death criteria were enrolled from July 2017 to May 2019. Standard 

bedside neurologic exam (BNE) performed by the attending neurointensivist in accordance with our 

institutional protocol was compared with the telepresence neurologic exam (TNE) performed by a study 

neurointensivist blinded to the findings of the BNE and a trained bedside assistant. We analyzed the 

agreement between examiners regarding findings of coma, corneal reflex, pupillary light reflex, oculo-

vestibular reflex, oculocephalic reflex, cough, gag, motor response, and apnea. 

Results 

We enrolled 7 patients over 22 months. Proximate causes were intracerebral hemorrhage (5/7), anoxic 

brain injury, (1/7), and cerebral infarction (1/7). All examination components performed in the BNE 

could be completed by TNE. In 3 cases, neither examiner could assess all exam components. In 2 cases 

spinal cord injury precluded oculocephalic testing. In 1 case refractory hypoxia precluded apnea testing. 

BNE and TNE agreed in 100% of testable components. In 2 cases testing pupillary light reflex was 

reported as difficult in the TNE but not the BNE. All telepresence examiners reported high confidence 

that the exam findings were consistent with brain death. 

Conclusions 

Preliminary findings from our pilot study suggest that the use telepresence for brain death examination 
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Thalamic Control of Functional Connectivity Supports Consciousness After Traumatic Brain Injury 

Sima Mofakham; Patricia L. Stefancin; Joseph Adachi; Nathan Winans; Matthew Morris; Jordan Saadon; 

Susan Fiore; Charles B. Mikell 

Stony Brook University Hospital, Department of Neurosurgery, Stony Brook, NY, United States 

 

Introduction 

Traumatic brain injury (TBI) is often followed by the loss of con

increases each day following the injury, but the contents of consciousness, also known as qualia, do not 

uniformly return. While there is some information about brain regions supporting arousal, less is known 

about circuits encoding contents of consciousness. Some evidence supports a role for the thalamus in 

consciousness, but it is controversial whether it supports arousal, or has a more nuanced role in 

consciousness. To address this question, we combined intracranial recordings in patients recovering 

consciousness with neuroimaging of thalamocortical circuits. 

Methods 

Electrophysiology We recorded electrocorticography (ECoG) from prefrontal cortex and anterior 

cingulate cortex, as well as scalp electroencephalography (EEG) from a standard 10-20 montage, during 

single-

and parietal cortex based on coherence between the evoked responses in these regions when ACC was 

stimulated. Radiology. Regions of structural damage were extracted from the post-TBI MRI and diffusion 

tensor imaging (DTI) radiographs. Tractography using DSI Studio™ was performed with seed regions 

placed in the bilateral mediodorsal nucleus of the thalamus. 

Results 

We found that in patients with injury isolated to the cortex and/or white matter, the cortico-cortical 

functional connectivity across frontoparietal networks was preserved, and these patients recovered 

consciousness.  However, a patient with thalamic injury failed to recover consciousness, despite an 

increased level of arousal following injury. The functional connectivity across cortical regions was 

drastically lower following thalamic injury, even when the cortical damage was minimal.  

Conclusions 

We propose that integration and communication of information across frontoparietal networks, which is 

required for contents of consciousness, is dependent on thalamic input. Thus future efforts have to be 

focused on restoring this input. 
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Time to Hyperosmolar Administration During Brain Codes: A Single Center Prospective Observational 

Study 

Jing Wang; Christien Byun; Andrew Keens; Yun Fang; Tricia Brannan; Laith Altaweel; Pouya Tahsili 

Fahadan 

Inova Health System, , VA, United States 

 

Introduction 

Brain herniation is a deadly event that requires rapid administration of hyperosmotic agents (HOAs) 

such as 23.4% NaCl. A recent retrospective study showed that Intraosseous (IO) cannulation provides a 

safe route for rapid administration of HOAs compared to central venous catheters (CVC) and peripheral 

intravenous catheters (PIV). Prospective study to measure the time-to-treatment for 23.4% NaCl or 

mannitol via IO, CVC, or PIV. 

Methods 

A data collection form (“brain code narrator”) was created by nurses and providers to prospectively 

collect clinical data, hemodynamic measures, and time-to-treatment and administration route for HOAs 

during brain codes. In addition, demographics, diagnosis, serum sodium (Na+) and complete blood cell 

count, as well as immediate and delayed complications, and outcomes were collected. 

Results 

Brain code narrator was used to collect data for 35 patients: 19 males with median (IQR) age 55(44-67) 

years. Diagnosis included intracerebral hemorrhage (n=16), subarachnoid hemorrhage (n=9), and other 

(n=10).  All patients were intubated. Most patients were co-treated with induced hyperventilation.  

23.4%NaCl (30cc) via CVC and IO route and mannitol (50 gm) via PIV were administered during 41, 18 , 

and 21 events with median time-to-treatments of 4(2,5), 3(1,3) and 15(14,18) minutes, respectively (p 

value <0.001 for all comparisons). No adverse events, such as hypotension or tissue injury were noted. 

Conclusions 

Preliminary data suggest that during brain herniation, administration of 23.4% NaCl via IO or CVC is 

more rapid than IV mannitol. IO cannulation for 23.4% NaCl may be an alternate route of administration 

of HOAs during brian code. Additional data will be provided regarding herniation reversal and long-term 

hematologic abnormalities. 
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Retrospective Analysis 

Stephanie Liang; Jonathan Duskin; Katie Dam; Kushak Suchdev; William Spears; Emily Gilmore; Rachel 

Beekman; Sonya Zhou; Cora Ormseth; Carolina Maciel; David Greer 

Boston University School of Medicine; Department of Neurology, Boston, MA, United States 

 

Introduction 

Stress hyperglycemia is common in the critically ill and is associated with poor neurological outcomes in 

cardiac arrest patients. It is unknown whether glycemic dysregulation have different prevalence 

according to cardiac arrest etiology. We hypothesized that overdose-related cardiac arrest (ODCA) 

patients are more vulnerable to hypoglycemic events given the circumstances of arrest. 

Methods 

We retrospectively studied 243 cardiac arrest patients treated at two urban hospitals from the 

Multimodal Outcome CHAracterization in Comatose Cardiac Arrest (MOCHA) registry from 2011-2018. 

We examined glucose dysregulation (hypoglycemia blood glucose [BG]<80 mg/dL, hyperglycemia 

BG>180 mg/dL) within first 72h from arrest in ODCA and non-ODCA cohorts. Statistical analyses included 

paired/unpaired t-tests, Chi- al dysfunction was defined 

by scores of GOS-  

Results 

Of the 243 patients, 76 (31.3%) were ODCA. There were no differences in BMI, gender, ethnicity, or 

therapeutic hypothermia (TH) treatment across cohorts, but ODCA patients were younger (43±15 vs 

59±17 year-old; p<0.0001), had lower prevalence of diabetes (21.7 vs 40.5%; p=0.007) and lower 

hemoglobin A1c (5.8 vs 6.5%; p=0.02). Mean BG reduction from 0-24h to 48-72h in ODCA patients was 

significantly smaller (86.2±99.4 vs 148.2±106.5 mg/dL; p=0.006) despite no difference in mean peak BG. 

BG nadirs were lower in ODCA patients (77.8±28.8 vs 95.3±43.4 mg/dL; p=0.001). 113 patients 

developed glycemic dysregulation: 52(46%) ODCA vs 61(54%) non-ODCA; ODCA patients were nearly 

two times more likely to develop hypoglycemia (RR 1.9[1.2-3.1]; p=0.012) but had no increased risk of 

hyperglycemia (RR 1.0[0.8-1.2]). Among patients with glycemic dysregulation, ODCA was associated with 

higher risk of in-hospital death or neurological dysfunction (OR 2.9[1.0-8.4]; p=0.044). 

Conclusions 

Despite exhibiting blunted BG reductions to hyperglycemic treatment, ODCA patients were more 

susceptible to hypoglycemia in the first 72h post-

management strategies should account for cardiac arrest etiology. 

117/341



S118 Neurocrit Care (2019) 31:S1–S341

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 107 

Neuromuscular Blockade And Outcome In Cardiac Arrest Patients Receiving Targeted Temperature 

Management 

Farid Sadaka; David Uhls; Nikhil Organti; Jacklyn O’Brien 

Mercy Hospital St. Louis/St. Louis University, Critical Care/Neurocritical Care, St. Louis, MO, United 

States 

 

Introduction 

Sedation and neuromuscular blockade (NMB) in patients undergoing targeted temperature 

management (TTM) after cardiac arrest (CA) are recommended for patient discomfort and management 

of shivering. This study assessed the association between NMB use and neurological outcome in 

comatose survivors of CA who received TTM. 

Methods 

Data on 77 post-cardiac arrest patients treated with TTM were collected from APACHE Outcome 

database and medical records. TTM of 33°C or 36°C is chosen based on critical care physician’s 

discretion. Baseline characteristics included age, APACHE III scores, time to return of spontaneous 

circulation (TTROSC, minutes), time to target temperature (TTT, minutes), and shockable rhythm (SR, %). 

Outcome was survival with good neurologic outcome. 

Results 

Compared to the no NMB group (n = 22), the PRN NMB group (n = 41) and continuous NMB group (n = 

14) had similar age (63 ± 15 and 59  ±  22  vs 56 ± 21, p = 0.1, 0.7),similar APACHE III scores (108 ± 33 and 

106  ±  51 vs 111 ± 32, p = 0.7, 0.7), comparable TTROSC (16 ± 12 and 27  ±  24 vs 25 ± 22, p = 0.04, 0.8), 

longer TTT (526 ± 250 and 578  ±  300 vs 385 ± 158, p = 0.02, 0.02), comparable percentage of SR (17 % 

and 21 % vs 22 %, p = 0.4, 0.7), and similar proportion of patients with TT of 33 vs 36 (81 % and 87 vs 68 

%, p = 0.3, 0.2) respectively. Survival with good neurologic outcome was achieved in 41 % in no NMB 

group vs 32 % in PRN NMB group (p = 0.5) and 36 % in continuous NMB group (p = 0.8) 

Conclusions 

In the present study, in comatose survivors of cardiac arrest who received TTM, use of NMB had no 

effect on neurologic outcome. 
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Proposed Safe Apnea Test Using Positive End-expiratory Pressure Valve and Short-term Blood Gas 

Analysis 

Jin Park; Young-Joo Lee; Kyung Sook Hong 

Ewha Womans University Seoul Hospital, Department of Neurology and Critical Care Medicine, Seoul, 

South Korea 

 

Introduction 

The apnea test is an essential examination for the determination of brain death. However, hypotension, 

hypoxemia, and other complications during the apnea test can affect the stability of brain-dead patients, 

as well as organ function for recipients. Therefore, it is necessary to establish standard guidelines for 

apnea testing. 

Methods 

The modified apnea test (MAT) comprises delivery of 100% oxygen through the endotracheal tube 

connected to manual resuscitator (Ambu® bag) with the positive end-expiratory pressure (PEEP) valve 

after disconnection of -nine instances of the 

conventional apnea test (CAT) were performed in 25 brain-dead patients; 77 instances of the MAT were 

performed in 39 brain-dead patients. 

Results 

The mean duration of the apnea test was 3.5 ± 1.4 minutes in the CAT group and 3.0 ± 1.2 minutes in the 

MAT group. There were no significant changes in PaCO2, PaO2, or pH between the CAT and MAT groups 

(p = 0.341, 0.593, and 0.503, respectively). In overweight patients (body mass index 

prevented dramatic reductions in PaO2 and SaO2 (p < 0.05 for both). In the patients who had hypoxic 

brain injury due to hanging, differences in PaO2 and SaO2 in the MAT group were significantly smaller 

than in the CAT group (p < 0.05). 

Conclusions 

Although MAT, which was invented to maintain PEEP, was not efficient for all brain-dead patients, it 

could be helpful in selected patient groups, such as overweight patients or those who had hypoxic injury 

due to hanging. Clinicians should consider this reliable short-term apnea test. 
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Pilot Study of Orexin as an Indicator of Coma Recovery 

Joseph Adachi; Bradley Ashcroft; Aileen Cangiano-Heath; Susan M. Fiore; Charles Mikell; Yuehjien Gu; 

Brian Wright; Sima Mofakham; Elizabeth Wirkowski 

Stony Brook University/Department of Neurosurgery, Stony Brook, NY, United States 

 

Introduction 

Coma is a serious complication that currently has no good biological markers. The hypothalamus plays 

an important function in consciousness circuity. Orexin A/B, a neuropeptide produced in the 

hypothalamus has an excitatory effect on multiple target areas in the brain. Previous orexin studies 

ry 

(TBI), stroke and comatose states. The goals of our study: (1) the utility of orexin as a marker of coma 

recovery, (2) the correlation between orexin and recovery at 7 and 14 days, (3) correlation of orexin and 

Glasgow Coma Score/Score (GCS) over time,  

Methods 

A prospective, IRB approved study with a target n= 20 with a diagnosis of coma due to stroke, including 

hemorrhagic, and TBI, treated in the Neuro Critical Care Unit at Stony Brook University Ho

collected from an external ventricular drain (EVD) and corresponding blood serum samples on Days 0, 7, 

and 14. There was no modification to the clinical treatment of individual patients. 

Results 

dictive of whether patients recovered consciousness vs 

deteriorated. Logistic regression showed the relative risk of recovery vs. deterioration:  , (95%CI -

299.8±44.4, 72.3±10.2, respective p-values=0.4954e-39, 0.001e-

predictive of initial coma severity (GCS), with a correlation coefficient, R =0.338. Correlation between 

-0.964, -0.2881). 

Conclusions 

dictive of poor overall 

not appear as significant as the baseline level in predicting recovery. 
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No Racial Differences in In-hospital Mortality after Cardiac Arrest Across Two Urban Hospitals: 

Retrospective Data from the MOCHA Study 

Jonathan Duskin; Katie Dam; Stephanie Liang; Kushak Suchdev; William Spears; Emily Gilmore; Rachel 

Beekman; Sonya Zhou; Cora Ormseth; Carolina Maciel; David Greer 

Boston University School of Medicine, Department of Neurology, Boston, MA, United States  

 

Introduction 

There has been limited research over the past decade on how race impacts survival from cardiac arrest. 

It has been suggested that black patients are more likely to have unsuccessful resuscitation and lower 

rates of survival to discharge, however, it is unclear if this difference is secondary to hospital factors or 

patient specific factors. More research is needed on racial disparities in post-arrest outcomes at urban 

medical centers. 

Methods 

Multimodal outcome characterization in comatose cardiac arrest (MOCHA) is an IRB-approved multi-

center observational study. This study sample consists of 191 consecutive cardiac arrest patients treated 

at two urban hospitals from 2011-2018. The sample includes both patients who experienced in-hospital 

and out-of-hospital cardiac arrest. The outcome of interest was in-hospital mortality. Associations 

between race and mortality were evaluated by chi-square and relative risk (RR) with 95% confidence 

interval. 

Results 

We included 123 white (64%) and 68 black patients (36%). There was no difference in in-hospital 

mor

(RR=1.04 [0.82-1.33]), black males (RR=0.84 [0.63-1.12]), white males (RR=1.13 [0.93-1.37]), and white 

females (RR=1.06 [0.86-1.31]) were all found to be at no increased risk for in-hospital mortality relative 

to other gender and race combinations. There was no difference in location of cardiac arrest (i.e., in-

hospital vs. out-of-  

Conclusions 

The lack of racial differences in mortality could possibly be explained by the similar rate of out-of-

hospital arrests, similar initial non-perfusing rhythms, lower socioeconomic status of all patients, and 

strong focus of the participating hospitals on addressing racial disparities in the healthcare system. 
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High Glucose Within First Twenty-Four Hours Post-Cardiac Arrest is Associated with Poor Functional 

Outcome: A Single-Center Retrospective Analysis 

Katie Dam; Stephanie Liang; Jonathan Duskin; Kushak Suchdev; William Spears; David Greer 

Boston Medical Center Department of Neurology, Boston, MA, United States 

 

Introduction 

Hyperglycemia is associated with poor clinical outcomes in critically ill patients, such as post-cardiac 

arrest (CA) patients. Post-CA prognostication studies have studied clinical examinations, 

electrophysiology, biochemical changes, and/or neuroimaging, but studies regarding patient blood 

glucose levels are mostly limited to mortality outcomes. New analysis of glucose trends is needed to 

guide CA prognostication in order to determine favorable outcomes regarding neurologic functioning. 

Methods 

This study was conducted using the IRB-approved Multimodal Outcome CHAracterization in Comatose 

Cardiac Arrest (MOCHA) registry. The sample included 113 CA patients admitted to a university-affiliated 

urban hospital from 2014-2018. Case selection was determined by availability of serial glucose 

measurements over the first 24 hours post-CA and outcome scores at hospital discharge. Poor functional 

outcome was defined as Modified Rankin Scale (mRS) 3-6 or Glasgow Outcome Scale Extended (GOSE) 1-

4. Statistical analysis included chi-square tests, and prognostic value was calculated by sensitivity. 

Results 

There was no significant difference in outcome regarding age, sex, race, or ethnicity. The study sample 

consisted of 31% diabetic patients, with no significant difference in outcome. Patients with glucose 

levels >175 mg/dl at least once during the first 24 hours post-CA were associated with poor functional 

outc

 

Conclusions 

There appears to be a correlation between glucose >175 mg/dl within the first 24 hours and poor 

functional outcome. However, it is still difficult to reliably predict poor vs. good functional outcome due 

glucose management are needed to better understand this relationship. 
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Epidemiology of cardiac arrest care and outcome:  A single center study over 14 years 

Mariangela Gozza; Eugenio Di Bernardini; Filippo Annoni; Lorenzo Peluso; Jacques Creteur; Fabio Silvio 

Taccone 

Department of Intensive Care, Erasme Hospital Université libre de Bruxelles, Brussels, Belgium, Brussels, 

Belgium 

 

Introduction 

Post-cardiac arrest organ injury is associated with high mortality rate after ICU admission. Despite 

improvement in the post-cardiac arrest care, temporal changes in patients’ severity, intensity of care 

and neurological outcome remain poorly defined. The aim of this study is to describe how epidemiology 

of cardiac arrest characteristics, therapies and outcome have changes over years. 

Methods 

Retrospective study including adult (>18 years) cardiac arrest patients admitted from January 2004 to 

March 2019 after CA to a University Hospital. We collected demographic characteristics and cardiac 

arrest data, together with main therapies and monitoring during ICU and hospital mortality. Data were 

analyzed into 4 different time period: I (2004-2006); II (2007-2010, after the improvement of post-

cardiac arrest care); III (2011-2014, with the introduction of systematic research for cardiac arrest origin) 

and IV (2015-2019, with the application of multimodal monitoring for prognostication). Unfavorable 

-month for a Cerebral Performance Category 1-2. 

Results 

A total of 878 patients (median age 64 [52-75] years; male gender 68%) were included over the study 

period. Time to ROSC was significantly longer in period I and IV when compared to others (p<0.001). ICU 

length of stay and lactate levels on admission were also significantly higher in the period IV than others. 

There was a progressive and significant increase of out-of-hospital CA, non-cardiac origin of arrest and 

non-shockable initial rhythm from period I to period IV. Also, there was a significant increase in the 

number of patients developing acute kidney injury and hypoxic hepatitis over time, from period I to 

period IV. Despite a more frequent use of coronary angiography and multimodal neurological 

monitoring, hospital mortality increased (from period I, 50% to period IV, 70% - p<

decreased (period I, 43% to period IV, 28% - p=0.01) over time. 

Conclusions 

In this study, severity of anoxic injury and the incidence of post-cardiac arrest organ dysfunction 

increased over time. This was associated with a higher proportion of patients with poor outcome. 
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Pressure Reactivity and Cerebral Perfusion Pressure in Cardiac Arrest Patients 

Hannah L. Kirsch; Kalijah Terilli; Murad Megjhani; Angela Velazquez; Jan Claassen; David Roh; Sachin 

Agarwal; Soojin Park 

Columbia University, Division of Neurocritical Care, Department of Neurology, New York, NY, United 

States 

 

Introduction 

Pressure reactivity index (PRx) based optimal cerebral perfusion pressure(CPPopt) is associated with 

outcome after traumatic brain injury, but is not explored after cardiac arrest. We examined post-arrest 

patients who underwent invasive intracranial monitoring to explore characteristics of PRx and CPP, and 

whether these were useful predictors of survival. 

Methods 

We included all comatose cardiac arrest patients without primary neurological pathology that 

underwent invasive intracranial monitoring between 2008-2018 at our institution. CPP, mean arterial 

pressure(MAP), PRx, CPPopt, and deltaCPP (CPP–CPPopt) were calculated. Systemic and brain 

physiologic measures were compared across the primary outcome of survival. 

Results 

Median CPP was 84.9mmHg (IQR:78.1–89.3), median PRx was 0.36 (IQR:0.21-0.57), median CPPopt was 

81.5mmHg (IQR:79.3-91.5) and deltaCPP ranged from -16.0 to 18.4. There was no association between 

these measures and survival to discharge (CPP–OR:1.998, CI(0.985-1.010), NS; CPPopt–OR:0.996, 

CI(0.983-1.009), NS; DeltaCPP-OR:1.182, CI(0.980-1.425), p=0. 08). The single patient with a positive 

outcome had a MAP 99mmHg, CPP 90mmHg, and CPPopt 80mmHg; deltaCPP was +9.2mmHg. 

Conclusions 

In this pilot study we demonstrated the feasibility of acquiring CPP, PRx, and CPPopt for post-cardiac 

arrest patients. In this sample, none of the systemic and brain physiologic measures were associated 

with survival but the approach is limited by the bias towards poor outcomes in patients receiving 

monitors. Interestingly, CPPopt obtained from invasive intracranial monitoring generally ranged within 

physiologic norms. DeltaCPP for the single patient with good outcome was positive and small, consistent 

optimizing cerebral perfusion after cardiac arrest improves outcome are warranted. 
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Deep Convolutional Neural Network-based Cerebral Performance Category (CPC) Score Estimation-

based Prognosis Using Emergency-medicine-based CT Only and CT with Other Multimodal MR Images 

in out of Hospital Cardiac Arrest Patients 

Jung Hwa Lee; Young Hwan Kim; Yee Eun Choi; Soo Jong Kim;, Hyang Woon Lee; Jungsu S. Oh. 

Department of Critical Care Medicine, Mockdong Hospital, Ewha Womans University School of 

Medicine, Seoul, South Korea 

 

Introduction 

Prognostication after cardiac arrest is challenge because of many confounding factors during 

hypothermia, Severity of the brain injury is a key determinant of whether maximal resources, such as 

the use of extracorporeal membrane oxygenation (ECMO), mechanical circulatory support, or even 

coronary artery bypass grafting, are advisable or appropriate. Therefore, early and accurate 

prognostication is essential for decision of therapeutic plan including maxima intensive modalities. In 

this study, we focused not only the prognosis estimation using MRI but also initial CT-based prognosis 

estimation where features captured by modern deep learning (DL) technique were commonly used. 

Methods 

We selected total 193 cardiac arrest patients having initial CT at ER, and brain MRI after 72 hours from 

cardiac arrest. Diffusion weighted image (DWI, b = 1000), and apparent diffusion coefficient (ADC) 

images calculated. Cerebral performance category (CPC) scores were used as the main outcomes of 

survivors after cardiac arrest. Both experienced neurologist and emergency medicine tried to predict the 

devised two cascaded deep convolutional neural networks (deep CNNs). 

Results 

Even fully experienced neurologist and emergency physician could not predict the CPC score exactly 

with the initial CT scan only and even additional Diffusion MRI (Accuracy :16%-30% with initial CT only 

60-70% with additional Diffusion MRI). By using DL technique, among 96 subjects of train set, 94 

subjects had the correct prognosis score (97.9% accuracy) and among 97 subjects of test set, 96 subjects 

had the correct prognosis score (98.9% accuracy) with initial CT scans only. With additional diffusion 

MRI, 99.0% accuracy and 100% accuracy. 

Conclusions 

In visually equivocal initial CT scans, DL was more related to quantification than visual assessment. DL is 

superior and very useful for accurate prognostication especially with visually equivocal initial CT scan. 
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APACHE III Score is a Poor Predictor of Neurological Outcome in Cardiac Arrest Patients Receiving 

Targeted Temperature Management 

Farid Sadaka; Nikhil Organti; David Uhls; Jacklyn O’Brien 

Mercy Hospital St. Louis/St. Louis University, Critical Care, St. Louis, MO, United States 

 

Introduction 

Cardiac arrest (CA) is associated with a high risk of dying and of neurologic impairment in survivors. 

Target Temperature Management (TTM) improves survival and neurologic outcome and is 

recommended by international guidelines. This study assessed the association between the initial Acute 

Physiology and Chronic Health Evaluation (APACHE) III score and neurological outcome in comatose 

survivors of cardiac arrest who received targeted temperature management (TTM). 

Methods 

Data on 77 post-cardiac arrest patients treated with TTM were collected from APACHE Outcome 

database and medical records. TTM of 33°C or 36°C is chosen based on critical care physician’s 

discretion. Baseline characteristics included age, gender, APACHE III scores, time to return of 

spontaneous circulation (TTROSC, minutes), time to target temperature (TTT, minutes), and shockable 

rhythm (SR, %). Outcome included hospital mortality, and good neurologic outcome (defined as 

discharge to home or rehab). 

Results 

Compared to the bad outcome group (n = 50), the good outcome group (n = 27) had similar age (58 ± 19 

vs 62 ± 18, p = 0.4), similar gender (male, 67 % vs 64 %, p = 04), less APACHE III scores (97 ± 30 vs 115 ± 

37, p = 0.03), shorter TTROSC (15 ± 7 vs 21 ± 8, p < 0.01), similar TTT (529 ± 240 vs 473 ± 200, p = 0.3), 

comparable percentage of SR (11 % vs 22 %, p = 0.2), and similar proportion of patients with TT of 33 vs 

36 ( 74 % vs 82 %, p = 0.4). The predictive ability of the APACHE III score for neurological outcome, 

assessed using the area under the receiver operating characteristic (ROC) curve, was 0.53. 

Conclusions 

In comatose survivors of cardiac arrest who received targeted temperature management, the APACHE III 

score calculated in the immediate post-cardiac arrest period was a poor predictor of neurological 

outcome. 
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Predictors at the Time of Admission Contributing to Brain Death 
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Care, Chandigarh, India 

 

Introduction 

Brain dead patients are victims of trauma, entering the health care system through emergency 

department (ED).In the ED, these patients are received with injuries and de-arranged physiological 

conditions that depends on time sensitive treatment and have the potential for improvement with 

proper management. Our study tries to find out the predictors at admission that contributes to brain 

death (BD) so that their timely intervention can prevent BD 

Methods 

A retrospective analysis of the data related to severity of injuries, physiological parameters and 

laboratory investigation including CT scan of the head at the time of ED admission of each patients  were 

assessed once they were diagnosed brain death. Logistic regression analysis was employed to determine 

the independent factor. p value of <0.05 was considered significant. 

Results 

28 brain dead  patients records at the time of admission were analysed. On univariate analysis we found  

Glasgow Coma Scale (GCS) < 8, Blunt trauma chest (BTC),Skeletal injury, Intraventricular hemorrhage 

(IVH),Skull fracture,Subarachnoid hemorrhage (SAH),Midline shift (MLS),Mean blood pressure (MBP)< 

60mmHg,Use of Ionotropes, Hemoglobin (Hb)< 8mg/dl,International normalization ratio(INR)> 

1.5,Albumin< 3mg/dl,Sodium level (Na)> 150meq/dl,Urea > 50mg/dl significantly related to BD.On 

further multivariate analysis ,we found   GCS< 8 (OR-4.2), BTC (OR-2.1), IVH (OR-3.4), MLS (OR-3.1), MBP 

<60 mmHg (OR-3.9), INR> 1.5(OR-3.1), albumin <3 mg/dl (OR-2.7) and Na level > 150meq/dl(OR-4.3) at 

the time of admission are strongly associated with BD. 

Conclusions 

Our study tried to find the predictors at the time of admission which may contribute to BD. Addressing 

them may prevent patient from becoming brain dead. 
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A Usability Study of the Implementation of an Automated Pupillometer in a Neurocritical Care Setting 

 Sai Thavendran; Kitty Cheung; Rebecca Sinyi; Victoria McCredie; Jeffery Singh 

Toronto Western Hospital MSNICU, University Health Network, Toronto, Canada 

 

Introduction 

Biomedical technology in critical care is advancing at a rapid rate, offering the potential to substantially 

improve performance through improved efficiency and productivity. Recent evidence suggests that 

visual assessment of pupillary size and reactivity has limited interrater reliability and accuracy, hence, 

we examined the introduction and implementation of an automated pupillometer in an academic 

neurological ICU. We evaluated clinicians’ perceptions about the added utility of the pupillometer to the 

standard visual pupillary exam. 

Methods 

-minute bedside education and demonstration of the pupillometer by a ‘superuser', we 

conducted usability testing at the bedside. Participants completed the end-user testing methodology, 

where they completed specified tasks designed to test the pupillometer's features and later completed 

a questionnaire regarding their ease of use and interpretation of results, comfort and confidence using 

the pupillometer, and their behavioral intention to use the pupillometer if adopted into the clinical 

environment 

Results 

To date, 46 participants have completed 50 questionnaires. Participants were allowed repeat enrollment 

in the study. The participant’s professional designations include 41 registered nurses, 3 residents and 2 

fellows and the majority have practised in the ICU for 1 to 5 years. Most of the participants are 

somewhat comfortable (24/46) performing the traditional visual pupillary exam and somewhat 

confident (29/46) with the results obtained from this exam. Twenty-one, out of 50 responses, were very 

comfortable in using the pupillometer, 22/50 were somewhat comfortable, and 7/50 were neutral. If 

this technology is introduced into ICU, the majority (31/46) will use this device to conduct pupillary 

exams, and 30/46 would consider changing management based on the pupillometer results. 

Conclusions 

This study outlines a strategy to evaluate usability and implementation of a newly adopted technology 

into the critical care environment. Improved implementation methods and evaluation of 

implementation processes are necessary for successful adoption of new technology in acute care 

settings. 
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Delayed Onset of Propofol Infusion Syndrome in the Treatment of Status Epilepticus 

Jessica Johns; Bensson Samuel; Kushak Suchdev; Mohammad Ibrahim 

Wayne State University, Department of Neurology, Detroit, MI, United States 

 

Introduction 

Propofol infusion syndrome (PRIS) is a rare complication of propofol infusion.  It is characterized by 

metabolic acidosis, rhabdomyolysis, acute renal failure, hyperlipidemia, and rapid cardiac failure. Risk 

factors for developing PRIS are: propofol infusion >48 hours, dosing >4mg/kg/hr, critical illness, 

malnutrition, and use of vasopressors. We present a case of PRIS that developed after propofol infusion 

was turned off. 

Methods 

A 43 year old woman with medically intractable epilepsy and developmental delay, presented with 

generalized tonic clonic status epilepticus. She was refractory to benzodiazepines, so she was intubated 

and started on a propofol infusion.  At 50mcg/kg/min of propofol, she was still having generalized clonic 

tonic seizures.  She was transferred to our neurological ICU for continuous EEG monitoring. Propofol 

infusion was increased to 180mcg/kg/min (10 mg/kg/hr) to control her seizures.  She remained seizure 

free for 24 hours. Propofol was weaned over 12 hours because she became hypotensive and required 

norepinephrine. When the propofol was turned off, CPK was 800, lactate was 1.3, and creatinine was 

0.4. She received propofol for 36 hours. Twelve hours after propofol was stopped, she developed a 

metabolic acidosis, lactate increased to 3.6, creatinine increased to 1.5, urine output decreased, and 

CPK increased to >20,000. She then developed bradycardia with wide complex QRS, which progressed to 

asystole. She could not be resuscitated and died. 

Results 

Our patient developed PRIS after propofol infusion was off for 12 hours. She had many risk factors for 

developing PRIS, including high dose of propofol, critical illness, malnutrition, and use of vasopressors.  

Conclusions 

PRIS can occur after propofol infusion has been stopped, and should be monitored for after the infusion 

has been discontinued in patients that are at increased risk. 
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The Impact of Antithrombotic Agents on Nontraumatic Subdural Hemorrhage 
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Introduction 

Subdural hemorrhage (SDH) is a common cause of morbidity. We sought to study the impact of 

antithrombotic drugs on nontraumatic SDH. 

Methods 

We retrospectively reviewed medical records of 1,211 patients admitted at Massachusetts General 

Hospital for SDH during 2017 to 2018 based on a research patient data registry. There were 78 patients 

without history of head trauma included in the analysis. Baseline demographic and clinical characteristic 

data were collected. The outcomes including GCS, modified Rankin Scale (mRS), SDH size, SDH 

expansion, surgical evacuation, mortality rates, length of stay (LOS), bleeding and thromboembolic 

complications were compared between two groups. Multivariate logistic regression was performed to 

analyze association between poor outcome (mRS 3-6) and all potential predictors (age, diabetes, 

conditional variable regression method was used because of relatively small sample size to avoid 

overfitting the model. 

Results 

Among 78 patients included, 47 (60.3%) were on antithrombotic agents, either antiplatelets or 

anticoagulants, at presentation and 31 (39.7%) were not. Anticoagulant and antiplatelet agents 

constitute 25.6% and 19.2% of nontraumatic SDH, respectively. All antithrombotic agents were 

discontinued on admission. Nontraumatic SDH patients who were on antithrombotic agents had longer 

LOS (6.82 ± 2.94, p=0.023), higher rate of SDH expansion (OR 3.85; 95%CI 1.26-11.78; p=0.025), higher 

rate of disability at discharge (mRS 3-6) compared to no antithrombotic group (OR 12.38; 95%CI 2.5-

61.05; p<0.001). On multivariate logistic regression analysis, antithombotic group had higher rate of 

poor outcome than no antithrombotic group (OR 12.38; 95%CI 2.5-61.05%; p=0.002). 

Conclusions 

Use of antithrombotic agents prior to admission in nontraumatic SDH patients correlates with longer 

LOS, higher SDH expansion and increased disability at discharge. 
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Continuous Enteral Hypertonic Saline Administration to Maintain Goal Sodium Levels in the 

Neurocritical Care Population 
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Regions Hospital Pharmacy Department, St. Paul, MN, United States 

 

Introduction 

Maintaining goal sodium levels in the neurocritical care population can be challenging. Historically, at 

our institution, the supplementation of enteral sodium occurred by addition of table salt to tube feeding 

formulas by our dietary team. To make this therapy easier to standardize, monitor, and titrate, a new 

process was developed. Continuous 5% hypertonic sodium chloride solutions are now administered 

enterally via feeding tubes. This also allows for the charting of the medication and immediate dose 

titrations. 

Methods 

This pre-post analysis includes patients admitted six months prior to the implementation of the new 

enteral sodium process compared to patients admitted within one year after the new process change. 

Demographic variables, as well as the indication for sodium goals, initial sodium levels, sodium level for 

96-hours post-addition of enteral sodium supplementations, concomitant use of intravenous hypertonic 

saline, and achievability of goal sodium levels were collected. Descriptive analytics were performed to 

compare groups. 

Results 

A total of 92 patients were included in the analysis: 51 in the pre-implementation group and 41 in the 

post-implementation group. The most common indication for goal sodium levels in both groups was 

traumatic brain injury with head bleed; 43 patients (84%) in the pre-implementation group and 27 (66%) 

in the post-implementation group. Ability to maintain serum sodium concentrations (defined as the 

ability to maintain goal sodium without the need for intravenous hypertonic saline for >24h) within goal 

in the pre-implementation group was successful in 67% of patients (n=34) compared with 76% (n=31) in 

the post-implementation group. 

Conclusions 

The use of continuous enteral 5% hypertonic sodium chloride solutions to target and maintain goal 

sodium levels provided similar efficacy compared to the addition of table salt to tube feeding formulas 

and is safer and easier to monitor and titrate. 
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(Recombinant), Inactivated-zhzo vs. Prothrombin Complex Concentrate 

Paige Garber; Carly Adams; Vasisht Srinivasan; Brandon Foreman; Shaun Keegan 
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States 

 

Introduction 

Coagulation factor Xa (recombinant), inactivated-

Xa inhibitor associated life- -factor prothrombin 

complex concentrate (PCC) was utilized off-

 

Methods 

Retrospective, single center, cohort study including adult intracranial hemorrhage patients who received 

discharge between 

efficacy (defined by International Society on Thrombosis and Haemostasis criteria), thrombotic events, 

ICU and hospital length of stay, and mortality. 

Results 

were 74.3+/- 9.3 and 73.6+/- 

-15] vs PCC 10 [8-14]; p=0.221) 

of PCC was 24.9 units/kg [21.0- –n(%): home 0(0), 

rehab 5(33.3), skilled nur

 PCC 8.6%; p=0.629).  

17(48.6); p=0.115) 

Conclusions 

s 

PCC. Hemostatic efficacy, thrombosis and mortality were not significantly different. Larger comparative 

studies are in progress to answer this question. 
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Single Center Use of Andexxa in Life Saving Neurosurgical Procedures 

Galen V. Henderson; Michael J. Schontz; Sarah E. Culbreth  

Brigham and Women's Hospital/Harvard Medical School, Boston, MA, United States 

 

Introduction 

Andexxa, coagulation factor Xa (recombinant), inactivated-zhzo is indicated for patients treated with 

rivaroxaban and apixaban, when reversal of anticoagulation is needed due to life-threatening or 

indication. There is no available literature supporting the use of this drug in acute neurosurgical 

emergencies. We present our experience of patients treated with Andexxa who required acute 

neurosurgical interventions as a life saving measure. 

Methods 

Patients were identified from May 2, 2018 to May 30, 2019 using an electronic database report 

identifying those who received Andexxa and subsequent chart review at a single center quaternary care 

academic medical facility. 

Results 

for commercial 

factor Xa inhibitor and time of dosing. Patient 1 and 3 both had an external ventricular drain placed 

while in the emergency room. Patient 1 suffered from a cerebral hemorrhage with hydrocephalus while 

patient 3 was found to have a primary ventricular hemorrhage with hydrocephalus. Both were treated 

with four factor prothrombin complex concentrate (PCC) at an outside hospital. There were no bleeding 

complications during the procedures. Two patients had a craniotomy performed. Patient 2 was 

diagnosed with an acute subdural hemorrhage with worsening midline shift despite receiving PCC at the 

outside hospital. Patient four had an acute-chronic subdural hemorrhage with midline shift but did not 

receive PCC. In both craniotomy cases, there were no bleeding complications. 

Conclusions 

Andexxa was used in four patients taking apixaban or rivaroxaban undergoing lifesaving neurosurgical 

procedures despite no
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A Single Center Retrospective Review of Dose Titration of Ticagrelor Utilizing Platelet Function Testing 

in Neuroendovascular Patients Requiring Acute Intracranial or Carotid Stents 

Devin Holden; Shawn Warner; Pouya Entezami ; Emad Nourollah-Zadeh; John C. Dalfino; Alexandra R. 

Paul; Alan S. BouloS 

Albany Medical Center, Albany, NY, United States 

 

Introduction 

The utilization of acute extracranial and intracranial stents for the treatment of cerebrovascular 

pathology is increasing. The optimal antiplatelet agent and dose in this population and the utility of 

platelet function testing is unclear. 

Methods 

All patients from January 2015 to April 2019 who were hospitalized and received ticagrelor to maintain 

intracranial or carotid stent patency in which platelet function testing (VerifyNow) was utilized to guide 

dosing were collected. Relevant demographic, clinical, platelet reactivity unit (PRU), and ticagrelor 

administration data was collected and qualitative assessment of PRU results was performed. 

Results 

Data was collected on 104 patients and the maintenance doses utilized were 30, 45, 60 (most frequent) 

or 90 mg BID and loading doses of 120 mg or 180 mg.  A total of 18 patients’ doses were titrated in order 

to achieve the goal PRU range (50-150). Among patients given a dose of 120 mg 44% had a PRU in the 

optimal range (50-150) as compared to 11% among patients given a dose of 180 mg. Twice as many 

patients given a dose of 180 mg as compared to 120 mg (66% vs 31%) had a PRU between 10-50. Among 

the patients whose dose was titrated the average PRU prior to dose escalation was 154, the average 

PRU subsequent to dose escalation was 103, and the average PRU prior to dose decrease was 21 and the 

range in 55% of cases and was between 10-150 in 77% of cases. 

Conclusions 

The utilization of platelet function testing to guide dose titration of ticagrelor to a desired PRU range is 

feasible. A major limitation of this study is the lack of patient outcomes related to thrombosis or 

bleeding. 
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Thrombosis After the Combination of Prothrombin Complex Concentrate and Andexanet Alfa 

David Hensler; Venkatakrishna Rajajee; Danielle Rebecca Burghardt 

Michigan Medicine - University of Michigan Department of Pharmacy, Ann Arbor, MI, United States 

 

Introduction 

rivaroxaban. The efficacy and safety of andexanet alfa have been evaluated in the ANNEXA-4 study, 

which excluded patients receiving prothrombin complex concentrate (PCC) within the 7 days preceding 

enrollment. However, there have been limited reports of patients receiving both PCC and andexanet alfa 

for oral factor Xa inhibitor-associated major bleeding, without adverse effect. While thrombotic events 

were observed in 10% of ANNEXA-4 patients, potential for additive risk when combining andexanet alfa 

and PCC is undefined.  We describe a patient who received PCC followed by andexanet alfa for an 

apixaban-associated intracerebral hemorrhage, who subsequently suffered devastating embolic strokes. 

Methods 

De-identified patient data were retrospectively collected from the electronic medical record 

Results 

A 74-year-old male presented with acute left-sided hemiplegia caused by a large right-sided temporal 

lobe intracerebral hemorrhage. The patient had a history of atrial fibrillation, for which he was 

anticoagulated on apixaban. The patient initially received intravenous (IV) PCC 50 units/kg for 

prevention of hematoma expansion. The following day, minimally expanded hemorrhage was observed 

on repeat imaging concurrent with a measured apixaban level of 138 ng/mL (reference range 41-321 

ng/mL). As a result, high dose andexanet alfa was administered as an 800 mg IV bolus, followed by an IV 

infusion of 8 mg/minute for 120 minutes. Over the next several days, the patient’s neurologic exam 

supratentorial strokes, likely embolic in origin. Unfortunately, the patient did not survive hospitalization. 

Conclusions 

The combination of PCC and andexanet alfa may carry with it substantial thrombotic risk, and cannot be 

routinely recommended. 
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Efficacy and Safety of Cisatracurium versus Vecuronium during Targeted Temperature Management in 

the Neurocritical Care Patients 

Sohee Kim; Young Joo Song; Sukyoon Lee; Young Mi Jeong; Kyung Suk Choi; Eunsook Lee; Euni Lee; 

Moon-Ku Han 

Department of Pharmacy, Seoul National University Bundang Hospital, Seoungnam-si, Republic of Korea 

 

Introduction 

Targeted temperature management (TTM) is used for neurological protection in patients with 

neurological injury but shivering during TTM can reduce therapeutic effect by increasing oxygen 

consumption and metabolic rate. Cisatracurium used to prevent shivering has a shorter half-life than 

vecuronium and is not affected by liver and renal function. The objective of this study was to compare 

the efficacy and safety between two neuromuscular blockers in order to determine the benefit of 

cisatracurium. 

Methods 

We reviewed medical records of adult neurological intensive care unit (NCU) patients who received 

1st, 2011 to May 31st, 2018. The efficacy between the two groups was confirmed by the presence of 

shivering and the recovery time of motor function. Safety was determined by the incidence of 

bradycardia and hypotension, the duration of antibiotic use and the mortality rate after discontinuation 

of the neuromuscular blocker in NCU. Recovery time of motor function was assessed using 'Motor 

Power' and 'Glasgow Coma Scale (GCS)'. 

Results 

A total of 103 patients were included in the study: 53 patients in cisatracurium group and 50 patients in 

vecuronium group. The incidence of shivering was 18.0% and 18.9% (p = 0.910) in vecuronium and 

cisatracurium, respectively. The median recovery time of motor function was 7.0 [3.7-20.3], 1.7 [1.0-3.3] 

hours (p <0.001) based on the Motor Power score, 6.5 [3.7-23.5] hours and 1.7 [1.0-3.3] hours (p 

<0.001) based on the motor response score of GCS, respectively. The safety was not significantly 

different between the two groups. 

Conclusions 

Recovery time of motor function was significantly shorter in the cisatracurium group than in the 

vecuronium group and There was no significant difference in the others. this study identified the 

benefits of cisatracurium in NCU under TTM. 
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Amantadine and Modafinil as Neurostimulants During Post-Stroke Care: A Systematic Review 

David J. Gagnon; Richard R. Riker; Angela Leclerc; Teresa MaY; Caitlin Brown; Kristina Nocella; Jennifer 

Cote; David B. Seder 

Maine Medical Center Department of Pharmacy, Portland, ME, United States 

 

Introduction 

Amantadine and modafinil are neurostimulants that may improve or accelerate cognitive and functional 

recovery after a stroke. This systematic review describes amantadine and modafinil administration 

patterns post-stroke, evaluates their impact on cognitive and functional outcomes, and identifies the 

incidence of adverse drug effects. 

Methods 

An investigator-initiated MEDLINE search identified all full-text English-language publications describing 

the administration of amantadine or modafinil post-stroke from inception through October 5, 2018. 

-stroke); 

Intervention (amantadine or modafinil treatment); Comparison (not required); Outcomes (cognitive or 

functional recovery). Amantadine and modafinil administration practices, cognitive and functional 

outcomes, and incidence of adverse drug effects were collected according to the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P) approach. Quantitative analysis 

was not performed due to heterogeneity in the measures of clinical effectiveness. 

Results 

Initially, 4,109 publications were identified. Eight amantadine (73 patients) and 11 modafinil (114 

patients) publications were included. Only 6 (8%) amantadine patients and 20 (18%) modafinil patients 

received treatment during an acute hospitalization. Time from stroke to amantadine initiation was 25 

(11, 103.5) days and the initial dose was 150 (100-200) mg/day. Time from stroke to modafinil initiation 

was 170 (17, 496) days and the initial dose was 150 (100-375) mg/day. Under-responsiveness was the 

most common indication for neurostimulants (n=6/19 publications; 32%). Thirty-eight unique measures 

of clinical effectiveness were reported. A positive response in at least one measure of clinical 

effectiveness was reported in 75% and 82% of amantadine and modafinil publications, respectively. 

Visual hallucinations (amantadine) and excitability/agitation (modafinil) were the most common adverse 

effects. 

Conclusions 

Amantadine and modafinil may improve or accelerate cognitive and functional recovery post-stroke, but 

higher quality data are needed to confirm this conclusion, especially in the acute care setting. 
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Incidence of Levetiracetam-associated Adverse Events in the Critically Ill 

Micheal Strein; John P. Holton-Burke; Carley Sadler; Spiro Stilianoudakis; Perry Taylor; Gretchen Brophy 

Virginia Commonwealth University, Department of Pharmacotherapy and Outcomes Science, Richmond, 

VA, United States 

 

Introduction 

Levetiracetam is an antiseizure medication that is used in neurocritical care (NCC) patients to prevent or 

treat seizures. Behavioral adverse events (ADE) are reported to occur in approximately 10% of patients 

taking levetiracetam; however, the incidence of these ADEs in NCC patients are unknown and may be 

exacerbated due to their unique CNS pathology. The purpose of this study is to identify the incidence of 

levetiracetam-associated behavioral (LAB) ADEs in NCC patients. 

Methods 

Adult NCC patients receiving levetiracetam, admitted between November 1, 2014 and October 31, 2018, 

and diagnosed with TBI, SAH or ICH, or cerebral infarction were included in this study. Criteria for 

determination of LAB ADEs included the following:  1) diagnosis codes for delirium, agitation, irritability, 

hostility, violent behavior, insomnia, anxiety, or depression during this hospital admit; 2) administration 

of an antipsychotic; 3) positive CAM-ICU; and/or 4) physical restraints. Day of LAB ADE onset was 

determined by the start date of the antipsychotic or a positive CAM-ICU. 

Results 

There were 965 patients included in this study; 52% males, median admit GCS was 13. The most 

common neurological injuries were ICH (31%) and TBI (29%). LAB ADEs were identified in 456 (47%) 

patients. These were identified by diagnosis codes in 35% of patients, with delirium, depression, and 

agitation being most common; 20% received an antipsychotic, 12% had a positive CAM-ICU, 6% had 

restraints ordered, and 22% had more than one determining factor. lAB ADEs were reported a median of 

2 (range 0 - 29) days after levetiracetam initiation. Patients with TBI had the highest reported incidence 

of LAB ADEs (51%). 

Conclusions 

Almost half (47%) of NCC patients that received levetiracetam experienced a behavioral ADE, which was 

of levetiracetam use in NCC patients. 
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Fixed-dose Activated Prothrombin Complex Concentrate for Oral Factor Xa Inhibitor Reversal 

Kara Birrer; Brandon Hobbs; Tyler Spink; Xi Liu-DeRyke; Amanda Giancarelli 

Orlando Regional Medical Center, Neurocritical Care, Orlando, United States 

 

Introduction 

The 

recommend the use of 50 units/kg of four- -PCC) or 

- rting lower dosing strategies of 

aPCC. In 2014, a fixed, low-

implemented at our institution. The objective of this study was to evaluate the efficacy and safety of 

fixed, low-dose aPCC  

Methods 

This single-center, retrospective chart review included adult ICH patients who received aPCC for oral 

tcome was achievement of 

ICH hemostasis. Hemostasis was defined as no progression of hematoma on head CT within 48 hours 

post-aPCC. Safety outcomes included in-hospital mortality and incidence of thromboembolic event (VTE) 

within 30 days post-aPCC administration or up to the time of discharge, whichever came first. 

Results 

-four patients receiving aPCC for reversal of factor Xa inhibitor associated ICH (26 traumatic and 28 

spontaneous) were included for analysis. Median age was 77 years; 63% of patients had a past medical 

history of atrial fibrillation and 50% were anticoagulated with apixaban. Median aPCC dose was 1941 

units (1808– 2028 units), with a median weight-based dose of 24 units/kg (21 – 29 units/kg). Hemostasis 

was achieved in 69% of all patients with ICH (73% in patients with traumatic ICH, and 64% of patients 

with spontaneous ICH). Mortality rate was 20% and VTE incidence was 7%. 

Conclusions 

- of 

hemostasis in the majority of patients and a low incidence of VTE. 
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Correlation Between Anti-Xa Level and Activated Partial Thromboplastin Time (aPTT) with 

Subcutaneous Unfractionated Heparin (SQ-UFH) Prophylaxis in Neurocritically Ill Patients 

Grace Shinn; Karen Berger; David Roh; Caroline Der-Nigoghossian 

NewYork-Presbyterian Hospital/Columbia University Irving Medical Center, New York, NY, United States 

 

Introduction 

SQ- ally ill patients, yet the optimal 

monitoring method is unknown. The purpose of this study was to describe the correlation between aPTT 

and anti-Xa levels in patients receiving prophylactic SQ-  

Methods 

A retrospective chart review of patients admitted 

18 years were included if they received SQ- -Xa level drawn within 24 

hours of each other. aPTT and anti-Xa levels were then compared to determine correlation and 

descriptive analyses were performed. Correlation was defined as normal aPTT levels (23.9-34.7 seconds) 

paired with undetectable anti-Xa levels (< 0.1 IU/mL), sub-therapeutic aPTT (34.8-75.9 seconds) with 

sub-therapeutic anti-Xa (0.1-0.29 seconds), therapeutic aPTT (76-112 seconds) with therapeutic anti-Xa 

(0.3-0.7 IU/mL), and supra-therapeutic aPTT (>112 seconds) with supra-therapeutic anti-Xa (>0.7 IU/mL) 

levels. 

Results 

A total of 43 patients and 52 paired levels were analyzed.  The median time between paired aPTT and 

anti-Xa levels drawn was 4.8 hours, and 40.4% (21/52) of levels were drawn within 1 hour of each other. 

Anti-Xa levels were drawn at a median of 6.2 hours after the SQ-

paired levels correlated, while 42.8% (9/21) of levels drawn within 1 hour of each other correlated. A 

Spearman’s correlation coefficient of 0.32 (p=0.154) was found between aPTT and anti-Xa levels drawn 

within 1 hour of each other. A sub-therapeutic aPTT with undetectable anti-Xa was demonstrated in 

42.9% of levels drawn within 1 hour of each other. The SQ-

anti-Xa levels. 

Conclusions 

There was no significant correlation between aPTT and anti-Xa levels in patients who received SQ-

-SQH 

monitoring method in the neurocritically ill population. 
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Bridging Antiplatelet Therapy with Cangrelor in Patients Requiring Acute Intracranial and Carotid 

Artery Stent Placement: A Retrospective Case Series 

Devin N. Holden; Pouya Entezami; Emad Nourollah-Zadeh; John C. Dalfino; Alexandra R. Paul; Alan S. 

Boulos  

Albany Medical Center Pharmacy Department, Albany, NY, United States 

 

Introduction 

The utilization of acute extracranial and intracranial stents for the treatment of cerebrovascular 

pathology is increasing. The optimal intravenous antiplatelet agent for short-term bridging of patients 

who are unable to tolerate or do not respond adequately to oral antiplatelet agents is unclear. Cangrelor 

offers potential advantages over glycoprotein IIb/IIIa inhibitors because response can be readily 

measured using platelet function testing (VerifyNow) and it has superior pharmacokinetics including a 

rapid on-set of effect and rapid clearance. 

Methods 

Patients with intracranial or carotid artery stents who were administered cangrelor for bridging 

purposes when oral antiplatelet agents were not feasible were assessed. Relevant demographic, clinical 

and procedural data as well as cangrelor dosing and platelet function testing data were collected. 

Results 

patients had carotid artery stents. The indications for bridging were acute GI bleeding, inability to 

tolerate oral medications due to severe nausea/vomiting and two patients had an inadequate response 

to initial oral ticagrelor dosing based on platelet function testing. The dose of cangrelor utilized for all 

patients was 0.75 mcg/kg/min and all patients were on a cangrelor infusion for less than 48 hours. 

Platelet function testing (VerifyNow) was utilized to ensure adequate platelet inhibition and all patients 

demonstrated adequate inhibition on the prescribed dose. No stent thrombosis or bleeding was 

observed. 

Conclusions 

Cangrelor is a reasonable option when patients with intracranial or carotid stents necessitate an 

intravenous antiplatelet for bridging when oral antiplatelet medications are not feasible. 
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Multidisciplinary Approach to Sedation and Early Rehabilitation of Intubated Patients Admitted to the 

Neuroscience Intensive Care Unit 

Megan E. Barra; Mary Amatangelo; Karen Li; Christine Iracheta; Joseph Tolland; Jonathan Jehle; Ljubica 

Minova; Patricia Krause; Ayush Batra; Henrikas Vaitkevicius 

Department of Pharmacy, Massachusetts General Hospital, Boston, MA, United States 

 

Introduction 

Current guidelines for the prevention and management of pain, agitation/sedation, delirium, immobility, 

and sleep disruption in adult intensive care unit (ICU) patients recommend a multimodal analgesia-first 

strategy to minimize opioid and sedative requirements and encourage early mobilization. The purpose 

of this study was to evaluate the success of a stepwise multidisciplinary implementation of an analgesia-

first sedation pathway followed by introduction of an early mobility protocol in a neuroscience ICU 

(NSICU). 

Methods 

We retrospectively evaluated mechanically ventilated adult NSICU patients admitted to a single-center 

academic medical center. Three-month time periods were evaluated at baseline (Phase I), after 

implementation of the sedation pathway (Phase II), and after implementation of the early mobility 

protocol (Phase III). 

Results 

Total of 156 patients were evaluated: Phase I (n=67), Phase II (n=40), and Phase III (n=49). We observed 

a progressive decrease in propofol use during each phase (I, II and III) (median 2243.7 mg/day versus 

2065.6 mg/day versus 1360.8 mg/day, respectively; p=0.04 between Phase I and III) and increased 

dexmedetomidine utilization (3% versus 10% versus 42.9% of patients, respectively; p<0.0001). Opioid-

analgesia requirements during mechanical ventilation were similar between groups. We observed a 

quicker time from admission to PT evaluation between Phase II and Phase III (median [IQR] of 8 days [6-

11] versus 3 days [2-4], respectively; p<0.0001). Rehabilitation therapy was provided in 59.7%, 40%, and 

81.6% of patients while admitted to the ICU in Phase I, II, and III, respectively (p=0.0003) and increased 

number of PT sessions provided per patient (median of 1 [0-2], 0 [0-3], and 8 [1-14] sessions/patient 

during each phase, respectively). No adverse events related to early mobility were observed. 

Conclusions 

Interdisciplinary coordination and communication is necessary for effective unit-based practice changes 

as education alone is insufficient. A multidisciplinary approach to goal-directed therapy targeting pain 

management and light sedation increased opportunity for early mobility. 
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Opioid Sparing Effect of Ketamine in the Conundrum of Opioid Epidemic: Single Center Experience 

Premkumar Nattanmai; Kathryn Qualls; Niraj Arora; Saurabh Kataria 

University of Missouri, Department of Neurology, Columbia, MO, United States  

 

Introduction 

The use of opioids in the neuroscience intensive care unit offset the balance of analgesia and reliability 

in performing neurological  exam. In lieu of the current opioid crisis, we describe our center experience 

about the use of ketamine as an alternative medication with opioid sparing/lowering effect. 

Methods 

Retrospective chart review of patients admitted to NSICU with severe brain injury between November 

2018 to April 2019 were performed. Patients were separated into two groups of twenty by 

randomization and matching, each receiving either ketamine or  propofol infusion. Data collected 

includes age, gender, diagnosis, comorbidities, duration of ketamine, propofol and morphine equivalent 

(ME) opioid dose. Statistical descriptive analysis and independent samples t-test analytical analysis were 

performed to determine the difference of opioid use between two groups using SPSS software. 

Results 

The range of ketamine used over the mean period of 3.15 (range 1-8) days was 2-15 mcg/kg/min, while 

that of propofol over the mean period of 3.25 (range 1-14) days was 10-75 mcg/kg/min. 12/20 (60%) 

and 11/20 (55%) patients in the ketamine and propofol group required opioids respectively. The 

cumulative and mean Morphine Equivalent (ME) dose for the ketamine group was 1023.8mg and 

51.5mg respectively, while on propofol, it was 1527.5mg and 763.8mg. Results of independent t-test 

analysis showed a significant p-value of 0.033, indicating significant opioid dose reduction with 

ketamine. 

Conclusions 

It is essential to recognize the effectiveness of ketamine as an opioid sparing/lowering agent with 

potential analgesic-sedative medication without significant side effects. 
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Prescribing Patterns of Inferior Vena Cava Filters (IVCFs) in Neurocritical Care Patients 

Ivan Cuesta Isabel; Van Hellerslia; Joseph Panaro; Janet La; Lindsey Houghton 

Baylor College Of Medicine, Houston, TX, United States 

 

Introduction 

different indications. However, serious complications such as I

-current pulmonary embolism in patients with a 

contraindication to 

unknown. This information would be needed to determine if opportunities for improvement exists. 

Methods 

With approval from the local investigational review board (IRB), 

during the period of 2013-2018 were identified from the interventional radiology department. Only 

-

identified patient data was manually extracted via chart review to determine patient characteristics and 

 

Results 

A total of 128 patients met inclusion criteria.61.7% were male. The most common neurocritical care 

diagnosis were intracranial hemorrhage(48%), ischemic stroke (16%), central nervous system (CNS) 

neoplasm (16%) and CNS trauma (9%). 47.7% of patients had at least 1  venous thromboembolism (VTE) 

was the most common indication (53%) followed by VTE with contraindication for AC (27%), Primary 

Adjunctive Treatment (13%) Adjunctive Prophylaxis (6%) and Secondary Adjunctive Treatment (1%). 

Conclusions 

In this single center study, 

to anticoagulation. 
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Real World Utilization of Andexanet Alfa for Intracranial Hemorrhages 

Caitlin S. Brown; Rachael A. Scott; Meera Sridharan; Alejandro A. Rabinstein 

Mayo Clinic, Department of Pharmacy, Rochester, NY, United States 

 

Introduction 

Andexanet alfa was approved in May 2018 for reversal of life-threatening hemorrhages for patients on 

anticoagulation with apixaban and rivaroxaban. Since its approval the reversal of direct oral 

anticoagulant (DOAC) associated intracranial hemorrhages (ICH) has been controversial. The objective of 

this study was to describe real world utilization of andexanet alfa at a large academic health system. 

Methods 

We retrospectively reviewed patients who received andexanet alfa for an ICH. Patients were included if 

they received andexanet alfa from its time of approval to formulary through April 29, 2019. Baseline 

demographics, anticoagulation and reversal information was collected. A neurointensivist reviewed all 

imaging. Intracerebral hematoma expansion was defined as > 35% increase in hematoma volume. 

Subdural (SD) and subarachnoid hemorrhage (SAH) expansion was defined as > 35% increase in maximal 

hematoma diameter. 

Results 

Thirteen patients received andexanet alfa for ICH. Nine patients had an intracerebral hematoma, 1 

patient had an isolated intraventricular hemorrhage, 2 patients had SD, and 1 patient had a SAH. The 

median age was 75 (IQR 71-83) and 46% of patients were male. Six patients were receiving a DOAC for 

stroke prevention, and a majority of patients (77%) were taking apixaban. The median Glasgow Coma 

Scale was 13 (IQR 13-15), and for patients with intracerebral hematomas the median ICH score was 2 

(IQR 1 -3). There was follow-up imaging available for 11 patients, and 1 patient had hematoma 

expansion. One patient died and another had interval surgery prior to repeat imaging. No patients had 

in hospital thromboembolic events up to 30 days. Of the 13 patients, 46% of patients would have met 

exclusion criteria from the ANEXXA-4 trial. 

Conclusions 

In this small sample of patients who received andexanet alfa for ICH it appears hemostatic efficacy was 

achieved in a majority of patients with no thromboembolic events; however, larger trials are needed. 
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A Case of Lacosamide Induced Heart Block 

Colleen Barthol; Denise Rios; Jennifer Campbell; Rachel Garvin 

University Health System, Department of Pharmacotherapy & Pharmacy Services, San Antonio, TX, 

United States 

 

Introduction 

Lacosamide is a monotherapy or adjunctive therapy used for treatment of partial onset seizure that 

enhances slow inactivation of sodium channels. Uncommonly reported adverse effects include PR 

interval prolongation, bradycardia, atrioventricular block, and ventricular tachyarrhythmias. 

Methods 

Chart review and discussion with providers 

Results 

An 82 year-old male with history of atrial fibrillation, hypertension and aortic valve replacement on 

warfarin presented with an acute subdural hematoma after feeling lightheaded and falling. The patient 

reported having multiple recent syncopal episodes. He received Prothrombin Complex Concentrate and 

Vitamin K for warfarin reversal with an initial INR of 4.0. He was started on levetiracetam and home 

medications of metoprolol and diltiazem were continued. The next evening, he had focal seizures, was 

given lorazepam and transferred back to the ICU. He received lacosamide 300 mg IV loading dose, and 

within 10 minutes had a 63 second episode of asystole. His blood pressure remained stable and he did 

not lose a pulse.  He was given atropine x 3 doses with no response therefore transcutaneous pacing 

was initiated.  Several minutes later, he became hypotensive and was started on isoproterenol and 

epinephrine infusions. EKG showed complete heart block. Cardiology was consulted and placed a 

transvenous pacer. Vasopressors were eventually weaned off however neuro exam remained poor.   

About a week later, family made the decision to transition to comfort measures and the patient passed 

away. 

Conclusions 

Lacosamide is an anticonvulsant primarily used for partial complex seizures. Only a few cases of third 

degree atrioventricular block have been reported in the literature. This case of extreme atrioventricular 

bock with a lacosamide loading dose is not common, but a drug-drug interaction with metoprolol and 

diltiazem was suspected. Prescribing lacosamide with beta-blockers or concomitant medications that 

prolong the PR interval should be done cautiously due to increased risk of atrioventricular block. 
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A Novel Case of Tissue Plasminogen Activator Reversal with Tranexamic Acid: A Case Report and 

Review of Literature 

Brianna Zinser 

Research Medical Center, Neurocritcal Care Department, Kansas City, MO, United States 

 

Introduction 

Tissue plasminogen activator (tPA) is currently the preferred agent for treatment of acute ischemic 

stroke. In about 7% of cases, patients will develop life threatening intracranial hemorrhage. Currently 

the AHA/ASA Guidelines and NCS Guidelines recommend reversal of intravenous tPa with 

cryoprecipitate and platelet infusion. Both society recommendations are based off low quality evidence 

and are given weak recommendations.Theoretically, the mechanism of action of tranexamic acid (TXA) 

makes it an appealing agent for reversal of tPA ; TXA competitively inhibits activation of plasmin  

countering the mechanism of action of tPA. The purpose of this case report is to report and support 

usage of TXA for reversal of thrombolysis with tPA. 

Methods 

This is a patient case report in which an extensive review of the patient chart was conducted to provide 

an accurate history of events. Extensive literature review was compiled to reflect current therapy 

guidelines and the off-label use of TXA for reversal of tPA. 

Results 

76 year-old male presented to a tertiary care medical center with signs and symptoms of ischemic stroke 

symptomatic cerebellar hemorrhage. The delay in obtaining cryoprecipitate and platelet transfusion led 

the medical team to discuss alternative agents for the reversal of tPA.  Reversal with TXA was discussed 

based on the medication’s mechanism of action.  TXA 10 mg/kg (1000 mg) was prepared at bedside and 

administered over 20 minutes. Repeat head CT showed no further progression of hemorrhage and there 

was an improvement in the patient’s neurologic condition was noted 

Conclusions 

Hemorrhagic transformation following thrombolysis for ischemic stroke is a life threatening emergency. 

TXA is an appealing option for reversal of tPA as it directly counters the mechanism of tPA and can be 

easily and quickly accessed. This case reports further strengthens and supports its usage. 

147/341



S148 Neurocrit Care (2019) 31:S1–S341

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 137 

Hepatotoxicity Associated with Elevated Free Serum Valproic Acid Levels 

David Hensler; Ryan Patrick Tarpey; Danielle Rebecca Burghardt 

Michigan Medicine - University of Michigan Department of Pharmacy, Ann Arbor, MI, United States 

 

Introduction 

Drug level monitoring is essential to optimize valproic acid (VPA) efficacy and minimize toxicity. Total 

serum VPA levels of 50-100mcg/mL are recommended, though free drug is more precisely responsible 

for VPA’s pharmacologic effect. The interpretation of total VPA levels is complicated by the drug’s 

complex protein binding characteristics. The use of free serum VPA levels has garnered interest, though 

the therapeutic range is not well defined. Little is known about the relationship between free VPA levels 

and toxicity. We present a novel and unambiguous case of hepatotoxicity associated with elevated free 

VPA levels. 

Methods 

De-identified patient data were retrospectively collected from the electronic medical record 

Results 

A 36-year-old male with a past medical history of refractory epilepsy was hospitalized for generalized 

tonic-clonic seizures. His prior home antiepileptic drugs (AEDs) included carbamazepine and the VPA 

precursor divalproex. The patient’s total and free VPA levels upon admission were 48.6mcg/mL and 

4.9mcg/mL (laboratory reference range 2-

normal. The patient’s home divalproex ER dose was increased from 1000mg twice daily to VPA 

suspension 1250mg twice daily for his low total VPA level. On hospital day (HD) 3, the patient had a 

therapeutic total VPA level of 77.3mcg/mL, but an elevated free VPA level of 23.2mcg/mL in the setting 

concurrent with a free VPA level of 25.9mcg/mL. The patient’s VPA was then transitioned to alternative 

AEDs due to hepatotoxicity concerns. The patient’s clinical status later improved, and he was discharged 

Probability Scale implicated VPA as the probable cause of hepatotoxicity in this patient. 

Conclusions 

Measurement of free VPA levels helps guide dosing decisions and may reduce drug-related toxicity. 
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Osmotic Demyelination Syndrome Successfully Treated With Combination Intravenous 

Immunoglobulin  Followed By Plasma Exchange 

Yong-Bum Song; Suman Bharath; Haralabos Zacharatos; Raquel Romero-Guilamo 

, Pharmacy Department, Edison, NJ, United States 

 

Introduction 

Limited case reports of osmotic demyelination syndrome (ODS) treated with intravenous 

immunoglobulin (IVIG) with or without plasma exchange (PE) are published, demonstrating variable 

neurologic recovery. The combination of IVIG and PE led to complete neurologic recovery of our ODS 

patient. 

Methods 

Electronic chart review to collect data for this case report. 

Results 

21-year-old male presented with asymptomatic serum sodium of 96 mEq/L in the setting of intractable 

vomiting and decreased oral intake secondary to small bowel obstruction. His sodium was over-

corrected by 21 mEq/L within first 24 hours. He subsequently developed altered mental status with 

lethargy and became unresponsive on day 7 with flaccid quadriparesis and minimal motor response to 

noxious stimuli. MRI of brain revealed osmotic demyelination of central pons and bilateral basal ganglia. 

IVIG was initiated on the day when ODS was confirmed on MRI. His serum sodium normalized. After 4-

day course of IVIG 2 g/kg, he could intermittently track with eyes but did not recover motor function.  

Plasma exchange was initiated 4 days after IVIG. After 2 sessions of PE, he started to move his right 

upper extremity antigravity and was attempting to verbalize. After 6 sessions of PE, he moved all 4 

extremities antigravity, could talk although he had staccato speech and was able to ambulate with 

assistance. After 8 sessions of PE, he was ambulating independently; his motor strength was 4+/5 

throughout. He was cognitively intact. At one month follow up in the clinic, he was neurologically 

completely intact, except for minimal upper extremity intention tremor. 

Conclusions 

IVIG with plasma exchange led to the remarkable neurologic recovery of a patient with ODS. A 

randomized control trial comparing IVIG monotherapy versus PE monotherapy versus the combination 

of IVIG and PE is warranted to better clarify the appropriate treatment protocol in ODS patients. 
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From Pregnancy Pains to Paralysis: A Case of Erroneous Intrathecal Digoxin Administration 

Rahul Kamlesh Shah; Lucido Luciano Ponce 

Dignity Health, Bakersfield, CA, United States 

 

Introduction 

Digoxin is a commonly used drug in the treatment of heart failure patients but with no intrathecal 

indication. We describe a rare case of accidental intrathecal administration of digoxin during an elective 

caesarian section that lead to severe neurological deficits. 

Methods 

Case report 

Results 

A 34-year-old Hispanic female underwent elective Caesarian section with 2 separate attempts at 

regional spinal anesthesia with bupivacaine due to failure of achieving adequate anesthesia with the 

first injection. Risk management discovered that patient had erroneously received Digoxin as the initial 

injection, confirmed by therapeutic serum levels of Digoxin. Two hours after delivering a healthy child, 

the patient’s mental status deteriorated and she became unresponsive. She had three witnessed 

generalized tonic-clonic seizures and was emergently intubated for airway protection and received 

Keppra. Twenty-four hours in, patient remained comatose, continuous Electroencephalogram revealed 

no seizures, Magnetic resonance imaging (MRI) brain showed diffuse, patchy hyperintensities involving 

bilateral frontotemporal lobes and basal ganglia. MRI spine showed extensive cervical and thoracic cord 

edema. Cerebrospinal fluid analysis showed 476 White blood cells and protein count of 211. She 

received Solumedrol 1000 milligram intravenous for 5 doses followed by 5-day course of Intravenous 

Immunoglobulin (IVIG). Eleven days in, she was extubated. At discharge, she had intact Upper Extremity 

strength, intact speech, with no sensation or motor response below T10 level. MRI showed mild thoracic 

cord edema. At 90 day follow up, she had intact mental status and minimal improvement in motor 

strength and sensation below T10. 

Conclusions 

This is an extremely sad case of severe neurological deficits resulting from a grave medical error. There 

are only 2 previously reported cases of intrathecal administration of Digoxin in literature but the MRI 

findings, duration of symptoms and neurological deficits were far more severe in our patient. Neither 

cases reported use of high dose steroids or IVIG either. 
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A Case Of Acute Hyperammonemia Complicating Renal Transplantation 

Karan Tarasaria; Ninad Desai; Mubashir Pervez 

University of Connecticut, Department of Neurology, , United States 

 

Introduction 

Neurological complications following organ transplantation can be a result of a myriad of infectious, 

toxic-metabolic, vascular and iatrogenic causes. Given the wide range of possibilities, accurate diagnosis 

can be challenging. We present a case of acute hyperammonemia complicating renal transplantation. 

Methods 

A 56-year-old female with a remote left MCA stroke was evaluated for progressively worsening lethargy 

that started approximately a week after she had undergone deceased donor renal transplantation. Her 

immunosuppression comprised induction with alemtuzumab plus methylprednisolone with long-term 

mycophenolate mofetil plus tacrolimus, and antibiotic coverage included valganciclovir, trimethoprim-

sulfamethoxazole and fluconazole. Progressive deterioration in the level of consciousness progressing to 

coma with absent cough, gag reflex, sluggish pupils and no motor response resulted in the patient being 

intubated. Neurological examination did not reveal any focal deficits besides her pre-existing right 

hemiparesis. 

Results 

Pertinent investigations included an MRI brain that showed no acute changes, EEG suggestive of 

triphasic waves and serial lumbar punctures showing elevated pressures in the 45-55 cm H2O range. 

level of 889 umol/L. In addition to appropriate pharmacotherapy and dietary protein restriction, the 

patient underwent continuous veno-

her mentation to baseline. Additional investigations done to determine the etiology of the 

hyperammonemia showed the patient to be infected with Ureaplasma urealyticum which was treated 

successfully with doxycycline and moxifloxacin. 

Conclusions 

To our knowledge, this is the first report of Ureaplasma urealyticum infection resulting in 

hyperammonemia fo

management of hyperammonemia. In the absence of hepatic impairment, alternate etiologies of 

hyperammonemia should be sought. Acute hyperammonemia requires prompt evaluation and 

treatment to reduce the mortality and morbidity associated with it. 
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Prevalence, Clinical Characteristics, and Outcomes of Neurocritically Ill Patients with Ventilator 

Associated Events 

Venus Kit Sze Wu; Andrew M. Walters; Abhijit V.Lele 

University of Washington, School of Medicine, Seattle, WA, United States 

 

Introduction 

Prevalence, characteristics, and outcomes related to ventilator associated events (VAE) in neurocritically 

ill patients is unknown, and explored in this study.  

Methods 

A retrospective study was conducted to examine prevalence, factors, and outcomes of patients with VAE 

admitted to the neurocritical care service at Harborview Medical Center between January 1, 2014 and 

December 31, 2018. Chi-square test, analysis of variance was used to compare patients by VAE status.  

Results 

Amongst 855 neurocritically ill patients, 132 VAEs occurred in 129 (15.1%) patients. Most common VAE 

was Ventilator Associated Condition, VAC, 73(55.3%), followed by Infection related VAC (IVAC), 

32(24.2%), and Possible Ventilator Associated Pneumonia (PVAP), 27(20.5%). Most common trigger for 

VAE was an increase in positive end-expiratory pressure (PEEP). Age (median 56[IQR 31], male sex 

(61%), and BMI (26.7%) were comparable across groups with and without VAEs. Patients with VAE 

experienced higher intracranial pressures than those without VAE(33.5 mmHg vs. 23 mmHg, p < 0.0001). 

Compared to patients without any VAE, patients with any VAE spent longer time on mechanical 

ventilation (17.4 vs. 7.9 days, p < 0.001), and in the intensive care unit (16.5 vs.10 days, p < 0.001). 

Mortality (34.1% vs. 31.3%), median hospital length of stay (26.5 vs 21 days) and discharge to home 

(12.8% vs. 16.3%) were similar across both groups.  

Conclusions 

Ventilator associated events are prevalent amongst the neurocritically ill. They are commonly triggered 

by changes in PEEP, and are associated with intracranial hypertension, increase length of mechanical 

ventilation and intensive care unit stay but may not affect mor

associated with VAE in subgroups of neurocritically ill patients and their impact on clinical outcomes 

warrants further examination.  
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A Case of Acute Kidney Injury Complicating The Management Of Fatal Cerebral Edema After Suspected 

Synthetic Cannabinoid Use 

Ayush Singh; Varun Shah; Alok Dabi 

Department of Neurology, University of Texas Medical Branch, Galveston, TX, United States 

 

Introduction 

Synthetic cannabinoids (SC) are a heterogeneous group of compounds initially developed to study the 

endogenous cannabinoid system. Most SC interact with CB1 and CB2 receptors with much higher affinity 

-tetrahydrocannabinol. The popularity of SC is increasing in adolescents and young adults 

because of the ability to produce a marijuana-like high without being detected on routine drug screens. 

We hereby present a case of SC related status epilepticus, hypoxic respiratory failure, severe acute 

kidney injury (AKI) and cerebral edema with fatal outcome. 

Methods 

19-year-old man with suspected SC adulteration of CBD oil presented with headache and status 

epilepticus. Labs showed leukocytosis, triple acidosis, and tetrahydrocannabinol in urine. CT head 

showed diffuse cerebral edema with sulcal subarachnoid hemorrhage. Intracranial Pressure was 

elevated to 25-30 mmHg. Hospital course was complicated by severe and refractory metabolic acidosis 

into hospitalization patient suffered cardiac arrest from pulseless ventricular tachycardia secondary to 

severe acidosis and metabolic derangements. After multiple attempts of resuscitation, care was 

withdrawn, and patient passed away. 

Results 

In this case, severe refractory metabolic acidosis proved to be fatal. This case highlights the many 

challenges in managing a critically ill patient with cerebral edema and renal failure with medically 

refractory metabolic acidosis. SC are undetectable on routine drug screens and exposure is difficult to 

establish. SC can lead to multi-organ failure and death that may result from cardiovascular events, 

respiratory depression, pulmonary complications, and AKI.  A high clinical suspicion is warranted in at-

risk patients. 

Conclusions 

Exposure to SC may lead to cardiovascular, cerebral and renal complications that respond poorly to 

devise appropriate therapeutic strategies in managing such patients. 
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Safety and Efficacy of Phenobarbital for Management of Alcohol Withdrawal Symptoms in Acute Brain 

Injury Patients in Neurological Sciences Intensive Care Unit (NSICU) 

Madihah A. Hepburn; Kathryn Qualls; Saurabh Kataria; Niraj Arora; Premkumar Nattanmai 

University of Missouri- Neurology, Columbia, MO, United States 

 

Introduction 

Benzodiazepines are the standard medication class for treating alcohol withdrawal symptoms (AWS). In 

acute brain injury benzodiazepines may worsen delirium and its central nervous system (CNS) 

depressant effects may decrease level of consciousness and make the neurological-exam unreliable. 

Barbiturates have similar actions to benzodiazepines on GABA receptors and cause less CNS depression. 

We present our center’s experience with the use of phenobarbital in patients with AWS and acute brain 

injury.  

Methods 

Retrospective chart review of twenty patients admitted in neuroscience intensive Care unit(NSICU)with 

acute brain injury and AWS was done. Treatment protocol consisted of 10mg/kg Ideal Body weight(IBW) 

of phenobarbital loading dose divided into three intramuscular doses three hours apart, followed by a 

tapering daily oral maintenance dose for total of seven days. Alcohol withdrawal symptoms were 

assessed using the CIWA score for severity. Serum phenobarbital levels were drawn five hours after the 

third intramuscular dose. Liver function tests were performed before loading dose and daily for 

-times the upper limit of normal triggered protocol discontinuation.  

Results 

None of the patients developed alcohol withdrawal seizures, one patient developed severe 

transaminitis. Loading doses of phenobarbital did not cause  hypotension. Systemic toxicity was absent 

and phenobarbital serum levels drawn after the loading doses ranged between 6.0-26.7mcg/ml (normal 

range 10-30mcg/ml). Patients decreased their CIWA score after the loading doses of phenobarbital 

suggesting improvement of withdrawal symptoms and there was decreased use of adjunctive 

medications (benzodiazepines) for management of AWS. Nine patients required adjunctive 

benzodiazepines and received 4mg or less of lorazepam. 

Conclusions 

Phenobarbital for management of AWS was associated with minimal adverse effects and did not lead to 

systemic toxicity. Phenobarbital can be used in patients with acute brain injury without exacerbating 

delirium and can decrease the need for adjunctive benzodiazepines. 
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Intraventricular Nicardipine for Aneurysmal Subarachnoid Hemorrhage Related Vasospasm: A Case 

Report 

Ebonye Green 

UAMS, Neurosurgery, Little Rock, AR, US 

 

Introduction 

Aneurysmal subarachnoid hemorrhage (aSAH) has a case fatality rate of up to 70% in patient that 

rebleed. Cerebral arterial vasospasm (VSP) after aSAH is a leading reason for death and disability. 

Nicardipine is used to treat hypertension and angina, and has been investigate for a potential use in the 

treatment of VSP after aSAH. 

Methods 

Intraventricular nicardine was used for treatment of severe aSAH after traditional methods failed (ie. IR, 

hypervolemia, permissive hypertension and intravenous inotropes). 4mg of nicardipine was mixed with 

preservative free saline by pharmacy to total 8ml in volume. 8ml of cerebral spinal flu

drawn from the patient external ventricular device (EVD). then the nicardipine solution was instilled and 

the EVD was clamped for 60 minutes. Patient had transcranial dopplers (TCDs) prior to injection and 2 

hours after injection and reopening of the EVD. 

Results 

Patient's vasospam temporized and neuro exam returned to pre spasm baseline. 

Conclusions 

Patient survived vasospam window and was transferred to long term care facility. 
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Safety and Effectiveness of Ketamine in Neuro-critical Care Unit: A Case Series 

Premkumar Nattanmai; Kathryn Qualls; Saurabh Kataria; Niraj Arora 

University of Missouri, Department of Neurology, Columbia, MO, United States  

 

Introduction 

In neuroscience ICU (NSICU) maintaining balance between performing reliable neurological exam with 

adequate analgesia without causing significant sedation is challenging. Ketamine has significant 

neuroprotective and anti-seizure properties. In spite of these unique neuro-friendly pharmacological 

profile, it's role in NSICU unit is not well defined. We describe our experience about the use of ketamine 

in neuro-critical care unit. 

Methods 

Retrospective chart review of patients admitted to NSICU in whom ketamine was used as first line agent 

for sedation and analgesia in intubated patients with varied brain injury from January 1 to April 30 2019 

was performed. Safety parameters collected includes  blood pressure changes, intracranial pressure 

changes, heart rate, arrhythmias, excess secretions and apneic spells. Pco2 was monitored and 

hypercarbia was avoided. Effectiveness was measured by requirement of additional sedation-analgesic 

medications while receiving ketamine. 

Results 

Twenty patients with varied brain injury who were on ketamine infusion as first line agent were 

selected. Mean age was 62.9 years (range 22-88 years) and 12 patients were male. Admitting diagnosis 

was hemorrhagic stroke (40%), ischemic stroke (40%), seizures (10%), carotid stenosis (5%) and tumor 

mass (5%). Mean duration of ketamine infusion was 3.15 days (range 1-8 days) and dose range was 2-15 

mcg/kg/min. No ICP elevation was noted among the 5 patients where the ICP was monitored. None of 

the patients had uncontrollable elevated blood pressures nor major fluctuation in heart rate or 

respiratory rate requiring discontinuation of ketamine. 13 (65%) patients had increased secretions 

without respiratory compromise. Opioid use decreased significantly moreover additional sedation was 

not required while on ketamine infusion. 

Conclusions 

Ketamine is a safe and effective sedative-analgesic in neuro-critical care patients while at the same time 

allow for a reliable neurological examination to perform while on sedation. More research is warranted 

before it could be considered as the standard of care. 
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Severe Brain-Injury induced Tongue biting from Oromandibular Dystonia (SBIT-OMD) 

Sarah Peacock; Amanda Tomlinson; Christina Collins; Nikki Matos; J. Brent Pruitt; W. David Freeman 

Department of Critical Care Medicine, Mayo Clinic, , United States 

 

Introduction 

Oromandibular dystonia (OMD) is a movement disorder characterized by involuntary, sustained muscle 

contractions of varying severity resulting in sustained spasms of craniopharyngeal muscles affecting the 

jaws, tongue, face, and pharynx that can lead to abnormal jaw opening or closing or tongue protrusion.1  

These disorders are often treated with botulinum for improvement of symptoms. There is minimal 

literature related to OMD treated for Botulinum in the neurocritically ill patient population. 

Methods 

We conducted a retrospective electronic medical record review from 2011-2018 of all brain-injured 

patients admitted to our neurocritical care unit who were diagnosed with OMD and received botulinum 

toxin injections. Etiology and location of brain injury along with clinical characteristics including 

resolution of symptoms were recorded. 

Results 

Over a 7-year period, we injected 9 patients with Botulinum type A injection (100 mouse units or m.u.) 

into bilateral masseter muscles for severe OMD causing tongue biting/maceration and difficulty with 

oral care, and refractory to antispasmodics and muscle relaxant medications.  Among the 9 patients, 6 

patients were SAH, 1 patient with ICH/IVH, 1 patient with bilateral brain injury after post pituitary 

neurosurgical procedure and 1 patient with diffuse bilateral ischemic stroke related to sickle cell disease. 

All patients tolerated the procedure with no immediate complications. All patients had gradual 

improvement of OMD albeit variable and only 1 out of 10 patients required a 2nd treatment. 

Conclusions 

In this small series, injection of botulinum toxin for severe OMD from brain injury causing tongue injury 

appears to be safe, tolerable, and efficacious in reducing enteral antispasmodics/muscle relaxants. No 

short-term or long-term adverse effects were noted and it helped nursing with oral care over time.  

Larger randomized controlled trials should be performed to evaluate the effectiveness and safety of 

treatment with botulinum in the critically ill neurologic population. 
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Incidence and Prevalence of DVT Between PICC vs CVC in the NeuroIntensive Care Unit 

Denise M. Rios; Jennifer Campbell; Saffania White; Takesha Barclay; Shaheryar Hafeez 

UT Health in San Antonio Department of Neurosurgery, San Antonio, TX, United States 

 

Introduction 

The Neurosurgical Intensive Care Unit (NSICU), a level 1 trauma center in San Antonio, cares for neuro 

critical patients.  The use of central access catheters is essential for hypertonic fluid administration, 

vasoactive medications, and general critical care. In this unique population the risk of developing deep 

vein thrombosis (DVT) is higher compared to other patients due to reasons related to neurological 

injuries. The objective of this research was to determine the incidence and prevalence of DVT between 

the use of Peripherally-inserted central catheters (PICC) versus central venous catheters (CVC) in the 

NSICU.   

Methods 

We prospectively evaluated 250 consecutive patients with a CVC or PICC in the NSICU from 2017 to 

2019. Data was collected, by a team of APPs on: surveillance vs non-surveillance ultrasounds, blood 

stream infections (CLABSI), indwelling time, complications, and ICU length of stay.   

Results 

A total of 97 PICCs were placed for 786 catheter days, 9 patients were diagnosed with a DVT related to 

the catheter, rate of 1.1 per 100 catheter days. A total of 195 CVCs were placed for 924 catheter days, 3 

patients were diagnosed with a DVT related to the CVC, rate of  0.3 per 100 catheter days. A total of 15 

DVTs were diagnosed, one symptomatic patient and remaining 14 DVTs were identified during 

surveillance ultrasound. Two complications were encountered during insertion of a CVC and PICC which 

included development of hematoma on insertion of each catheter. The average length of stay for 

patients with a PICC line was 11.22 days. The average length of stay for patients with CVC was 16 days. 

Conclusions 

The NSICU surveillance ultrasounds identified more DVTs with the use of PICC lines versus CVC 

warranted if surveillance ultrasounds should be routinely performed for NSICU patients. 
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Prone Positioning in Combination with Inhaled Nitric Oxide in a Patient with Severe ARDS and 

Subarachnoid Hemorrhage with Hydrocephalus: A Case Report 

Joshua Lukas; Omar Alkhatib; Rami Algahtani; Mohan Kottapally  

Jackson Memorial Hospital / University of Miami Department of Neurology, Miami, United States 

 

Introduction 

Mortality with Acute Respiratory Distress Syndrome (ARDS) is as high as 60% in patients with 

subarachnoid hemorrhage (SAH). Many of the therapeutic modalities of ARDS carry potential 

deleterious effects on ICP. We are presenting a challenging case of severe ARDS and SAH. 

Methods 

Single case report. 

Results 

63-year-old male who developed a sudden severe headache. Emergent workup revealed a large 

cerebellar hemorrhage, SAH with IVH and hydrocephalus secondary to a ruptured arteriovenous 

malformation (AVM).  Emergent suboccipital decompressive craniectomy followed by external 

ventricular drain (EVD) placement were performed and transferred to our facility for further aggressive 

care.  Hospital course was complicated by severe pseudomonas pneumonia with progression to severe 

ventilation strategies, sedation, paralysis and inhaled nitric oxide (iNO) failed to correct hypoxia.  On 

hospital day (HD) 12 he continued to show refractory hypoxia and was placed on Roto-Prone® bed. 

Continuous Intracranial Pressure (ICP) monitoring was utilized with EVD open at 5cmH2O.  Prone 

positioning was attempted for 16 hours daily. Hypercarbia during prone positioning lead to elevated ICP 

patient showed improvement of hypoxia, with termination of prone positioning and subsequent 

weaning of paralytics and sedation. He started following commands and was discharged to a long term 

care facility after AVM embolization, placement of a tracheostomy, feeding tube and 

ventriculoperitoneal shunt. 

Conclusions 

Our patient made remarkable recovery from ARDS in the settings of obstructive hydrocephalus and SAH. 

Strict ICP monitoring, ongoing ventilator adjustment and careful utilization of kinetic maneuvers for 

ARDS, including prone positioning, contributed. Proning may be a consideration in patients with SAH, 

obstructive hydrocephalus and ARDS with ongoing ICP monitoring and ventilator adjustment, but larger 

scale studies are needed to explore its potential. 
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Admission Factors Associated with the Development of Paroxysmal Sympathetic Hyperactivity in a 

Severe TBI Cohort 

Jamie Podell; Jamie Podell; Mehrnaz Pajoumand; Serenity Miller; Hemantkumar Tripathi; Wan-Tsu 

Chang; Gunjan Parikh; Peter Hu; Neeraj Badjatia 

Program in Trauma, Department of Neurology, University of Maryland School of Medicine, Baltimore, 

MD, United States 

 

Introduction 

Paroxysmal sympathetic hyperactivity (PSH) has been associated with worse outcomes following 

traumatic brain injury, possibly representing both a marker of injury severity and a source of secondary 

injury. Prior studies suggest that PSH is under-recognized and its treatment often delayed. The 

identification of admission risk factors for PSH may facilitate earlier recognition, treatment, and targeted 

prevention. 

Methods 

Adults with severe TBI admitted to a neurotrauma ICU for at least 72 hours and hospitalized for at least 

14 days between January 2016 and December 2018 were retrospectively identified. Consecutive PSH-TBI 

patients (n=80) were identified via review of medication administration records as having been treated 

with propranolol and/or bromocriptine for at least 72 hours.  Control-TBI patients (n=160) were 

matched to the PSH-TBI cohort for age (36+/-14 years) and GCS (median 7(3,8)). Admission Head CTs 

were scored using Marshall and Rotterdam criteria.  Independent-samples t-tests, chi-squared, and 

multivariate analyses of variance were performed. 

Results 

Age-matched cohorts did not differ by sex, race, BMI, trauma type, trauma mechanism, ISS, or TRISS.  

ICU admission vital signs differed between groups with PSH-TBI demonstrating a higher HR (p=0.04) and 

a trend towards higher SBP (p=0.09), but no difference in core body temperature. Neuroradiographic 

features associated with PSH included significantly higher Rotterdam CT Score (p=0.01), presence of 

IVH/SAH (p=0.02), basal cistern compression (p=0.04), and trends toward higher Marshall CT score 

(p=0.07), presence of epidural hematoma (p=0.1), and CT DAI (p=0.08).  A multivariate analysis adjusting 

for admission GCS and SBP identified Rotterdam score (p=0.003), presence of CT DAI (p=0.09), and ICU 

admission HR (p=0.03) as independent predictors of PSH. 

Conclusions 

Admission CT findings along with HR may help predict subsequent development of PSH requiring 

treatment. Early identification, treatment, and prevention of PSH may mitigate its negative impact on 

TBI outcomes. 
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Impact of Moderate Hyperchloremia on Traumatic Brain Injury Patients Treated with Continuous 

Infusion Hypertonic Saline 

Michael Erdman; Stacey Curl; Caroline Haver; Kirsten Busey 

, Jacksonville, United States 

 

Introduction 

Hyperchloremia in patients receiving chloride-containing solutions can contribute to metabolic acidosis 

and acute kidney injury (AKI), and has been associated with increased inpatient mortality, length of stay 

and AKI in patients with spontaneous intracranial hemorrhage. Whether hyperchloremia is a risk factor 

for mortality in patients with traumatic brain injury (TBI) is unknown.  The purpose of this study is to 

determine if patients that develop moderate hyperchloremia while receiving continuous hypertonic 

saline (HTS) have a higher risk of inpatient mortality. 

Methods 

This was a retrospective chart review of patients admitted between January 2016 and September 2018. 

Included patients were over 16 years old, admitted to the trauma service with a diagnosis of TBI, and 

received continuous 3% HTS for at least 12 hours for the management of cerebral edema. Exclusion 

criteria were baseline end stage renal disease or hemodialysis, transition to comfort measures within 48 

hours or inconsistent documentation. The primary objective was inpatient mortality. Secondary 

objectives were AKI, hospital and intensive care unit (ICU) length of stay. 

Results 

HTS infusion. Mortality was higher in patients with hyperchloremia (43.5% vs. 13.8%, p=0.03). AKI was 

similar between both groups (13% vs. 6.9%, p=0.64).  Median length of ICU stay was similar between 

patients with hyperchloremia (15 [8-21] vs. 12 [6-26] days, p=0.65), as was median length of hospital 

stay (15 [8-25] vs. 18 [10-33] days, p=0.71). 

Conclusions 

After TBI, mortality was higher in patients who experienced hyperchloremia, while AKI and length of 

stay were similar. 
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What is the Prognostic Factor for Severe Traumatic Brain Injury Under Targeted Temperature 

Management? Analysis of Brain CT Findings in Patients Enrolled in BHYPO Study 

Hitoshi Kobata; Yasuhiro Kuroda; Eiichi Suehiro; Tadashi Kaneko; Motoki Fujita; Naofumi Bunya; Akihiko 

Inoue; Kei Miyata; Yasutaka Oda; Kenji Dohi; Susumu Yamashita; Tsuyoshi Maekawa 

Osaka Mishima Emergency Critical Care Center, Takatuski, Japan 

 

Introduction 

Although randomized controlled trials (RCTs) did not prove benefits of hypothermia for severe traumatic 

brain injury (TBI), brain CT images have not been evaluated in detail in these studies. We aimed to 

explore the prognostic value of brain CT findings in BHYPO Study. 

Methods 

BHYPO Study was a multicenter RCT to investigate the effect of therapeutic hypothermia in patients 

with severe TBI. The protocol included collection of brain CT data on admission and around day 7. Using 

the CT database, we evaluated following findings: presence of intracranial lesion (acute subdural 

hematoma: ASDH, acute epidural hematoma, cerebral contusion, subarachnoid hemorrhage: SAH, or 

intraventricular hemorrhage: IVH), basal cistern compression, lesion laterality, Marshall CT classification, 

and Rotterdam CT score. Hematoma thickness and midline shift were also measured. Unfavorable 

outcomes were defined GOS of 1 to 3 by Glasgow Outcome Scale (GOS) assessed at 3 months. 

Results 

CT data were obtained from 125 patients on admission and 110 patients around day 7. There were no 

differences in CT findings between hypothermia group and fever control group. In the initial CT, 

univariate analysis showed that odds ratio (OR) and 95% confidence interval (CI) for unfavorable 

outcomes were: shift > hematoma thickness (6.0, 1.6–23.5: p=0.0053), SAH (3.7, 1.7–8.3, p=0.001), SAH 

or IVH (3.0, 1.2–7.6, p=0.0148), absent cistern (2.9, 1.3–6.6; p=0.0077), and midline shift > 5mm (2.3, 

1.1–4.9, p=0.0219). Rotterdam score was significantly higher in patients with unfavorable outcome (3.7 

vs. 4.5, p<0.001). Regarding the day 7 CT, bilateral lesion (8.5, 3.4–21.5, p<0.001) and SAH or IVH (3.3, 

1.5–7.2, p=0.0025) were significant. No patients with absent cistern survived. 

Conclusions 

Patients were appropriately assigned in BHYPO Study in terms of CT findings. Shift > thickness, SAH, 

absent cistern, and Rotterdam score were powerful prognosticator in severe TBI patients undergoing 

targeted temperature management. 
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Reliability of Serial Volumetrics for Brain Volume Estimation Following Traumatic Brain Injury 

Caleb Price; Heather Hamilton; Elizabeth Dewey; Kevin Bieri; Jeffrey M., Pollock; Holly E. Hinson 

Portland State University, Portland, OR, United States 

 

Introduction 

Cerebral edema (CE) following traumatic brain injury (TBI) causes secondary injury and increased 

mortality. Yet, conventional measurements of CE on head computed tomography (CT) inadequately 

accounts for CE. Serial volumetrics may facilitate estimation of total brain volume. The objective of this 

study was to measure the reliability of this technique and identify a threshold for brain volume (BV) 

change which could be indicative of CE. 

Methods 

A subset of patients (n = 18) with intracranial hemorrhage on admission CT were identified from a 

prospectively enrolled cohort of subjects with trauma sufficient to warrant ICU admission. Using Medical 

Image Processing, Analysis, and Visualization (MIPAV), two independent raters calculated BV on 

admission and follow-up head CT scans by measuring the volume of the intracranial vault and 

The absolute difference (mL^3) and percent difference between the BV values of the two scans were 

calculated. Intraclass correlation (ICC) and Pearson’s correlations were calculated, and significance set at 

0.05. 

Results 

The overall reliability of BV measurements between raters was excellent (initial scan ICC 0.98 [95% CI 

0.97-0.99] and follow up scan ICC 0.99 [95%CI 0.99-1.00], P<0.001). The median difference of BV 

between readers was 17mL3 [8.5-40], representing 0.6-3.1% of the average overall BV (1280mL3). 

Overall BVs ranged from 974mL3 to 1710mL^3, and changed -3% to 

scans occurred a median of 54 [42-64] hours after the initial scan, and did not correlate with percent BV 

change (r=0.01, P=0.95), while there was a modest positive correlation between age and percent BV 

change (r=0.46, P=0.05). 

Conclusions 

Volumetric analysis to estimate BV appears to be a reliable technique across serial head CT scans. BV 

changes of more than 3.1% may represent a clinically significant threshold and should be further 

investigated. 
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Effect of Therapeutic Hypothermia on Outcomes After Severe Traumatic Brain Injury: A Nationwide 

Inpatient Sample Analysis 

Anantha R. Vellipuram; Mohammad Rauf A. Chaudhry; Mohtashim A. Qureshi; Ihtesham A Qureshi; 

Harathi Bandaru; Huy Nguyen; Mohammad Ghatali; Paisith Piriyawat; Alberto Maud; Gustavo J. 

Rodriguez; Rakesh Khatri; Savador Cruz-Flores 
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Introduction 

Beneficial effects of Therapeutic hypothermia in adults with traumatic brain injuries are controversial. 

We wanted to study the effect of Therapeutic Hypothermia (TH) on outcomes after severe traumatic 

brain Injury (TBI) in real practice using the Nationwide Inpatient Sample in the United States. 

Methods 

The Nationwide Inpatient Sample was used to obtain data on all adults who had been discharged from 

2005 to 2014 with a primary diagnosis of TBI who required mechanical ventilation, intracranial pressure 

monitoring, or craniotomy/craniectomy. The patients with TH were assigned to the TH group, and the 

rest were assigned to the control group. The primary outcome was in-hospital mortality, and the 

secondary outcomes included mean the length of stay, non-routine hospital discharge, mean hospital 

charges. 

Results 

Only 722 patients (0.15%) out of a total of 488,231 underwent TH. TH group was younger (40.2 versus 

54.6 years, p <.0001),had a lower proportion of females (17.8% versus 28.5%, p= 0.05) and a higher rate 

of in-hopsital complication of deep venous thrombosis (8.5% versus 2.0% p = 0.0098). When controlling 

for age, gender, comorbidities, in-hospital complications, hospital characteristics and disease severity, 

TH  was associated with an increased rate of in-hospital mortality (odds ratio, 1.71;95% confidence 

interval, 1.08-2.70), longer mean length of stay (24.0 vs. 11.8 days; P<0.001), and greater mean total 

hospital cost ($371,940vs. $134,823; P<0.001). There was no difference between the two groups in 

terms of non-routine discharge (odds ratio, 1.61; 95% confidence interval, 0.65-3.97), 

Conclusions 

Therapeutic hypothermia was associated with poorer outcomes in patients with severe TBI. Our findings 

disfavor therapeutic hypothermia in severe TBI in routine clinical practice. It warrants further 

investigation in a prospective, randomized study. 
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Effect Of Antithrombotic Medications On The Severity And Prognosis Of Subdural Hematomas 

David J. Robinson; Logan Pyle; Opeolu Adeoye; Brandon Foreman; Natalie Kreitzer; Laura Ngwenya; 

Daniel Woo 

University of Cincinnati Department of Neurology and Rehabilitation Medicine, Cincinnati, OH, United 
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Introduction 

A rising incidence of subdural hematomas (SDH) has been attributed in part to increased use of 

anticoagulants and antiplatelets. Anticoagulants also worsen the severity and prognosis of SDHs, but the 

impact of antiplatelets on prognosis is unclear. We hypothesized that antiplatelets would not affect SDH 

severity or outcome, while anticoagulants would be associated with more severe features and a worse 

functional outcome. 

Methods 

We systematically identified and collected data on patients presenting with a new diagnosis of SDH in 

2018 at a Level I trauma center. We examined common markers of SDH severity in three cohorts of 

patients: those not on any antithrombotics, those on antiplatelets alone, and those on anticoagulants.  

Categorical data was compared with Chi-Squared tests, and continuous data was compared with Mann-

Whitney U tests. Multivariable logistic regression was used to assess the impact of antiplatelet use on 

functional outcome at discharge, with a poor functional outcome defined as a score of 3-6 on the 

Modified Rankin Scale. 

Results 

We identified 441 patients with a new SDH during 2018: 224 (50.8%) did not take antithrombotics, 141 

(32%) took antiplatelets, and 76 (17.2%) took anticoagulants. Antiplatelets were not associated with 

increased SDH volume, thickness, or midline shift; anticoagulants were associated with increased 

volume (P<0.001), thickness (P<0.001), and a trend towards increased midline shift (P=0.08). 

Antiplatelets were associated with a better admission score on the Glasgow Coma Scale (P<0.001).  

When adjusted for age and gender, antiplatelets did not affect functional outcome (OR 0.84, P 0.53, 95% 

CI 0.48-1.44), while anticoagulants were associated with poorer functional outcome (OR 2.83, P 0.008, 

95% CI 1.35-6.4). 

Conclusions 

Despite its known association with overall SDH incidence, premorbid antiplatelet use was not associated 

with SDH severity or a worse functional outcome at a level 1 trauma center. 
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The Pittsburgh Therapeutic Intensity Level; Development of an Updated Care Burden Score for Severe 

Traumatic Brain Injury Patients 
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University of Pittsburgh, School of Nursing, Pittsburgh, PA, United States 

 

Introduction 

The Common Data Elements Therapeutic Intensity Level (CDE-TIL) score, quantifies the intensity of 

nursing and medical care aimed at preventing intracranial hypertension for patients with severe 

traumatic brain injury. We validated the CDE TIL in our neurotrauma intensive care unit (NTICU) and 

found the CDE-TIL to be highly reflective of perceived and measured therapeutic burden but noted that 

the scale had a ceiling effect. Specifically when ICP was 20-25 mmHg and higher, the CDE-TIL did not 

capture the escalating burden. In an attempt to eliminate that ceiling effect and to incorporate current 

h TIL (P-TIL). 

Methods 

Under a quality assurance approved protocol, retrospective chart review was performed on 22 adult 

patients with severe TBI. The TIL score was derived using both the CDE-TIL and the P-TIL for each 12 

hour nursing shift for the first 5 full days of admission. The relationship between the CDE-TIL and P-TIL 

and the ICP were investigated. Reliability testing of the P-TIL, including interrater reliability, and 

validation of the P-TIL are ongoing. 

Results 

The P-TIL and the CDE-TIL are highly correlated (r=0.71) and the relationship between the scores and the 

maximum ICP are similar at ICP less than 20mmHg. At higher ICPs however, the slope of P-TIL increases 

to 0.18 compared to the CDE-TIL slope of 0.07 and illustrates a 2.5 times stronger correlation between 

the intensity of care level as measured by P-TIL and ICP. 

Conclusions 

The P-TIL has greater sensitivity for quantifying the intensity of therapy aimed at controlling ICPs, most 

significantly for patients with the highest ICPs, ICPs 20-25mmHg and above, making it an ideal scoring 

system for communicating current nursing and medical needs of individual TBI patients as well as 

potentially predicting post-intensive care or post-discharge needs. 
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Cervical Spine Clearance in Obtunded Patients in the Neurologic Intensive Care Unit Without MRI 
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Introduction 

Patients are frequently brought into neurologic intensive care units in cervical spine immobilization after 

sustaining ground level falls or after being “found down.” Currently there is no consensus regarding 

cervical spine clearance in these patients as they are unable to participate in neurologic examination. 

After normal CT scans, MRI scans are frequently employed to evaluate for ligamentous injury and 

radiographic signs of cervical instability. 

Methods 

We conducted a retrospective chart review of patients who were admitted to the Neurologic Intensive 

Care Unit between 2017 and 2018 in cervical collars after ground level falls or after being found down 

(presumed ground level falls). Patients were included in the study if they were obtunded on admission 

(GCS<15) with neurologic exams consistent with their cranial pathology. All patients underwent a high 

definition CT Cervical spine or CTA of the Neck and were cleared if there was no radiographic evidence 

of fracture or instability. 

Results 

Between 2017-2018, eight patients were admitted to the Neurologic Intensive Care Unit that met 

inclusion criteria.  Average age at presentation was 75.75 years. Cranial pathology on presentation 

included intraparenchymal hemorrhage, ischemic stroke, and subdural hemorrhage. All patients 

underwent a high definition CT cervical spine or CTA neck which showed degenerative changes without 

fractures, subluxations or other evidence of instability such as increased atlantodental interval, or 

prevertebral soft tissue swelling. Average follow up was 129.75 days range (1-406). There were no cases 

of cleared patients that suffered secondary neurologic injury or symptoms of cervical instability during 

the follow up period. 

Conclusions 

Our study illustrates that obtunded patients after ground level falls can safely be cleared of cervical 

spine precautions after a high definition CT Cervical spine fails to demonstrate fractures, subluxations, 

or other evidence of cervical instability. This protocol limits the costs associated with MRI scans and the 

risks associated with cervical immobilization. 
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Sex Differences in Outcomes Following Geriatric Traumatic Brain Injury 
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The University of Texas Health Science Center- McGovern Medical School, Houston, TX, United States 

 

Introduction 

The elderly comprise the highest incidence of traumatic brain injury (TBI) hospitalizations and death, yet 

most TBI studies neglect the geriatric population. Previous studies suggest women have better 

outcomes after TBI but are inconclusive. We examined differences in outcomes between sexes after TBI 

in the geriatric population. 

Methods 

This is an observational study of patients 60 and older admitted with TBI to a level 1 trauma center. 

Clinical variables including medical history, severity of injury (GCS>12, GCS9-12, and GCS<9), mechanism 

of injury, and CT findings were collected. Good clinical outcomes were defined as a GOSE >4 and 

measured at discharge and 6 months. The Chi-

analysis were used where appropriate. 

Results 

152 subjects were included in the analysis. 66(43%) women and 86(57%) men. Average age was 72.5(SD 

8.9) with no significant differences between sexes. 117(77%) were mild, 15(10%) moderate, and 20(13%) 

severe. The most common etiologies were mechanical fall 64(42%), motor vehicle accident 22(15%), and 

syncopal fall 21(13.8%). No differences in severity of injury or mechanism of injury were found. On 

admission CT, men had more contusions (40%v22%;p=0.04) and skull fractures(21%v45%;p,0.01) 

compared to women. Older age, and history of atrial fibrillation or congestive heart failure were 

associated with increased incidence of death. Men were more likely to have in-hospital mortality 

(13%v3%; p<0.01). In multivariable logistic regression analysis controlling for other factors associated 

with mortality, men were significantly more likely to have in-hospital death (OR-14;p=0.01). At 6 

months, men were still found to have higher mortality (OR-12.4;p<0.01). However, there were no 

significant differences in good outcomes between sexes at discharge (39%v43%; p=0.65) or 6 months 

(50%v51%;p=1). 

Conclusions 

Men have significantly higher mortality rates compared to women in the geriatric TBI population. 

differences are needed. 
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The Effect of Red Blood Cell Transfusion on Partial Brain Tissue Oxygenation in Traumatic Brain Injury: 

A Systematic Review. 

Ronald Alvarado-Dyer; Faten El Ammar; Christopher Kramer; Fernando Goldenberg; Christos Lazaridis 

The University of Chicago Medical Center, Department of Neurology, Chicago, IL, United States 

 

Introduction 

Partial brain tissue oxygen tension (PbtO2) can be regulated by the fraction of inspired oxygen and the 

level of oxygen carrying capacity. We performed a systematic review of the literature using PbtO2-

directed treatment with red blood cell transfusion (RBCT) to analyze clinical and physiological outcomes 

as well as adverse events following RBCT. 

Methods 

We performed a systematic review following the PRISMA guidelines and pre-registered with the 

PROSPERO database. The following terms were used: [(brain tissue oxygen OR brain tissue hypoxia OR 

pbO2) AND treatment] OR [(brain tissue oxygen) OR red blood cell transfusion) OR pbO2) OR traumatic 

brain injury) AND red blood cell transfusion]. Inclusion criteria were studies in which PbtO2 was 

measured before and after RBCT. The tool used for qualitative scoring was the GRADE score. Risk of bias 

was assessed via RTI and ROBINS-I. 

Results 

A total of 2390 articles were screened of which four articles were included in the final analysis. The 

intervention performed was to administer 1 to 2 units of RBC depending on the hemoglobin level and 

the threshold set in each study. The clinical outcome was not described in any of the studies. There was 

an increase in PbtO2 in all the studies, but it was primarily significant when pretransfusion PbtO2 was 

less than 15 mmHg. The GRADE certainty rating for the included articles was low to moderate. 

Conclusions 

Our review shows that a significant increase in PbtO2 is primarily seen when pre-transfusion PbtO2 is 

less than 15 mmHg. Clinical outcome and adverse events were not described in any of the included 

studies. In view of the known adverse effects of RBCT in critically ill patients and the limited available 

literature we found, transfusion should only be reserved as a later tier measure for PbtO2 correction, 

and possibly only when PbtO2 is less than 15 mmHg. 
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Regional Variation in Withdrawal of Life-Sustaining Therapy in Severe Traumatic Brain Injury 
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Zachary D. Threlkeld 

Department of Health Research and Policy, Stanford, CA, United States 

 

Introduction 

Withdrawal of life-sustaining therapy (WLST) is associated with 70% of deaths after severe traumatic 

brain injury (TBI). WLST frequently occurs within the first 3 days of hospitalization, when prognosis is 

most uncertain. While patient factors play a role in the decision, institutional practice patterns and 

physician perception of prognosis also contribute, as demonstrated in Canadian studies. We 

hypothesized that the rate and timing of WLST among patients with severe TBI vary across the United 

States. 

Methods 

We conducted a retrospective cohort study of patients with severe TBI admitted in 2016 to 463 US 

trauma centers included in the Trauma Quality Improvement Program. Severe, isolated TBI was defined 

by diagnosis code and Glasgow Coma Scale (GCS) score <9. Patients under 18, with severe non-head 

injuries, or with advanced directives were excluded. Centers were grouped by US census region 

(Northeast, Midwest, West, South). Multiple logistic regression for WLST was performed with region, 

patient demographics, GCS motor score, pupillary reactivity, and midline shift as covariates. Regression 

-hospital mortality. 

Results 

9,559 patients were identified. Mean age was 53+22. In-hospital mortality was 59.9%. Patients treated 

in the Northeast (OR 1.42 [95% CI 1.21-1.66], p<0.0001) and Midwest (OR 1.26 [95%CI 1.09-1.46], 

p=0.0017) were more likely to have WLST than patients in the South. WLST was more common in in the 

Northeast than Midwest, despite lower predicted mortality in the Northeast. Patients in the Northeast 

were more likely to have early WLST (OR 1.62, 95%CI 1.20-2.19, p=0.0016) than patients in the South. 

Conclusions 

Variability may reflect inconsistent institutional practice patterns, regional cultural differences, and the 

difficulty of prognostication. More reliable and standardized prognostic assessments are needed in this 

population. 
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Older Patients with Traumatic Brain Injury: A Pilot Study 
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Maloney-Wilensky; James Schuster 
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Introduction 

Introduction: Pre-injury use of antiplatelet agents may increase hemorrhage size and hematoma 

expansion after traumatic brain injury (TBI). However, empiric platelet transfusions may result in 

significant morbidity and unnecessary expense and may not be justified. We sought to determine 

whether a thromboelastography (TEG) platelet-mapping (PM) algorithm could safely reduce platelet 

transfusion without clinically relevant hematoma expansion. 

Methods 

Methods: A prospective standardized TEG PM-based treatment algorithm was instituted to guide 

reversal of antiplatelet medications in TBI patients. The algorithm established reversal thresholds for 

arachadonic acid inhibition (AA-inhibition >50%) and adenosine diphosphate inhibition (ADP-inhibition 

>60%). Consecutive TBI patients were enrolled and compared to a historical cohort. Hematoma volume 

was calculated by ITK-SNAP. 

Results 

Results: Of 239 TBI patients admitted during study period, 84 (35%) patients were on antithrombotic 

agents.  49 (58%) were on antiplatelet agents exclusively compared to a historical cohort of 22 patients. 

Mean age of study cohort was 75.4 (range 47-91) years and 78.4 (range 52-90) [95% CI 72.3-78.5; 

p=0.06] for historical cohort. 32/49 (65%) were men as compared to 11/22 (50%). The predominant 

mechanism of injury was falls, 40/49 (82%) and 18/22 (82%) for both groups. Mean initial hematoma 

volume was 15.5 +/- 31.2cc versus 21.8 +/- 24.2 [95% CI (6.6 – 24.4); p=0.16] and expansion volumes 

were 16.2 +/- 32.1cc versus 20.9 +/- 28.2 [95% CI (7.0-25.4); p=0.31]. Mean platelet and PTT were not 

significantly different between groups. In the study cohort, 39 (80%) were on ASA compared to 16/22 

(73%). Among the study patients, 27/43 (55%) on ASA and 6/9 (67%) patients on clopidogrel were not 

significantly inhibited. 8(16%) study patients received 9 units of platelets compared to 25 units for 20 

(91%) patients (p<0.01). 1 study patient (2%) had delayed expansion. 

Conclusions 

Conclusions: A TEG-guided antiplatelet reversal algorithm may significantly reduce platelet transfusions 

without clinically significant hemorrhage expansion. 
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The Effects of Hyperoxia on Brain Tissue Oxygenation in Traumatic Brain Injury: A Systematic Review 

Faten El Ammar; Ronald Alvarado-Dyer; Christopher Kramer; Fernando D. Goldenberg; Christos Lazaridis 

Department of Neurology, University of Chicago Medical Center, Chicago, IL, United States 

 

Introduction 

Increasing partial oxygen arterial tension is one method to increase the partial brain tissue oxygen 

(PbtO2). However the effects of hyperoxia on clinical outcomes and adverse effects remain elusive. 

Methods 

To investigate the effects of normobaric and hyperbaric hyperoxia on PbtO2 in patients with TBI, we 

performed a literature review following the PRISMA guidelines and pre-registered with the PROSPERO 

database. The following search terms were applied: [(brain tissue oxygen OR brain tissue hypoxia OR 

pbO2) AND treatment] OR [(brain tissue oxygen) OR brain tissue hypoxia) OR pbO2) OR traumatic brain 

injury) AND hyperoxia]. Prospective trials and observational cohort studies were included in this review. 

Two reviewers assessed the risk of bias of each study using the RTI item bank. 

Results 

A total of 2390 articles were screened, of which 16 articles were included. Only one study investigated 

the effects of combined hyperbaric/normobaric hyperoxia and another used hyperbaric as a separate 

intervention; the majority of studies were of normobaric hyperoxia. Overall, an increase in pbtO2 was 

observed with both normobaric and hyperbaric. Clinical outcome was mostly missing; one study showed 

an absolute reduction in mortality and improvement in favorable outcome using Glasgow outcome 

score at 6 months. Adverse events were also only scarcely reported; 3 studies showed that hyperoxia 

did not induce cerebral toxicity by using markers of oxidative stress, and one study showed no evidence 

of pulmonary oxygen toxicity in either the hyperbaric or normobaric hyperoxia groups. 

Conclusions 

Normobaric and hyperbaric hyperoxia consistently induced an increase in pbtO2. Improvement in 

clinical outcome was reported in some studies but did not reach statistical significance except in one. 

Adverse events were not adequately investigated. Larger prospective studies are required to investigate 

the clinical outcome effects of hyperoxia, its adverse consequences, and its role in the tiered approach 

towards brain tissue dysoxia. 
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Comparison Between Marshall and Rotterdam CT Scores in Predicting Outcome of Patients with 

Traumatic Brain Injury: A Retrospective Cohort Study from Lower-middle Income Country 

Ramdinal Aviesena Zairinal; Beauty Rose; Reyhan Eddy Yunus 

icine, Universitas Indonesia, Dr. Cipto Mangunkusumo 

Hospital, Jakarta, Indonesia 

 

Introduction 

Early prognostication, either from clinical and/or radiological information, is an important aspect in the 

settings of neurocritical care with limited resources. We sought to determine the values of two 

radiological scoring systems in predicting the outcome of traumatic brain injury (TBI) patients, which are 

Marshall and Rotterdam CT scores in Indonesia. Therefore, a physician can make a better priority to 

provide high-yield care to all TBI patients. 

Methods 

A retrospective cohort was conducted in a national referral hospital from July to December 2017. All TBI 

patients admitted to the emergency department (ED) and had an initial CT scan were included in this 

study. Their classification of TBI and initial CT scan were reviewed and all patients were followed to see 

whether the patient died or alive until discharge from the hospital (in-hospital mortality). Statistical 

analyses were conducted to find the predictive values (sensitivity, specificity, cut-off point, relative risk) 

of both scoring systems. 

Results 

Of 141 TBI patients admitted to ED, there were 136 patients had an initial CT scan. Most of them were 

categorized as mild TBI (80.9%), then moderate (14.0%) and severe TBI (5.1%). In-hospital mortality was 

9.6%. With cut-off point 1 in Marshall and Rotterdam CT scores, their sensitivity (92.3% vs. 92.3%, 

respectively) and specificity (73.1% vs. 74.8%, respectively) were similar. Same things also found in their 

relative risks, which are 24.267 (95% CI 3.256 – 180.835) and 25.953 (95% CI 3.485 – 193.258). 

Conclusions 

Both Marshall and Rotterdam CT scores have significant values in predicting the outcome of TBI 

patients, thus it should be implemented in daily emergency practice to assist a physician in making 

further clinical decisions. 
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Transcranial Sonography and Computerized Tomography Scan to Assess the Midline Shift in TBI 

Patients 

Hemanshu Prabhakar; Indu Kapoor; Charu Mahajan; Arvind Chaturvedi 

Department of Neuroanaesthesiology and Critical Care, All India Institute of Medical Sciences, New 

Delhi, India 

 

Introduction 

Midline shift (MLS) in brain is a critical condition. If not diagnosed timely, it could lead to a devastating 

outcome. Computed tomography (CT) scan is the gold standard technique to diagnose MLS in 

neurosurgical patients. The aim of our study was to find out association between transcranial 

sonography [TCS] and CT scan in assessing midline shift in patients with TBI. 

Methods 

In this prospective ongoing study, adult patients ages 18 – 65 years, of either gender, with TBI were 

included. Demographic details were noted. All patients underwent CT scan, followed by TCS. MLS on TCS 

was determined using standard technique. We noted the MLS on CT scan and time window between CT 

scan and TCS was also measured. Consciousness was assessed using Glasgow Coma Scale (GCS) and GCS 

- Pupil [GCS-P] scales. Descriptive data are given as Mean (SD) or Number. Spearman’s correlation test 

was used to detect relationship between GCS and MLS assessed by CT scan and TCS, and also GCS-P. The 

value of p<0.05 was considered significant. 

Results 

A total of 16 neurosurgical patients were studied. Male to female ratio was 15:1. The age was 44 [17.74] 

years with weight of 64.5 [10.17] kg. Ten patients had GCS<8. The mean value of MLS measured by TCS 

-0.1, p = 0.69). The correlation 

between TCS and CT scan with GCS was in significan -

respectively. However the value of GCS-  

Conclusions 

In patients with TBI, MLS can be successfully assessed using bedside, non-invasive and non-radioactive 

monitor TCS when compared to a CT scan. There is a good correlation between GCS and GCS – P. 
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TBI Seizure Prophylaxis Practices in Canadian Icus: A Multicenter, Observational Cohort Study 
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Introduction 

Early post-TBI seizures are reported to occur within 24 hours and between days 1-7 following TBI in 8.9% 

and 1.9% patients, respectively. Early seizure prophylaxis with phenytoin in severe TBI patients is 

drugs with better safety profile have emerged as potential alternatives. The objective was to describe 

seizure prophylaxis practices in critically ill TBI patients. 

Methods 

We conducted a retrospective observational study of 9 adult trauma ICUs. We included consecutive 

adult ICU patients with moderate and severe TBI admitted between Jan 2015 and Dec 2016. Data were 

collected using standardized forms. Our primary outcome was the incidence of seizure prophylaxis use. 

Results 

We included 379 patients with a moderate (43%) or severe (56%) TBI. The majority were men (70.5%) 

with mean age of 54.9 (SD 21.6) an

(51%) and MVA (30%). A total of 30% required invasive ICP monitoring. A total of 259 patients (68%) 

received early seizure prophylaxis, 67% for moderate and 69% for severe TBI. Phenytoin, levetiracetam 

or their combination were used in 228 (88%), 9 (3%) and 10 (4%) of cases, respectively. Twelve patients 

(5%) were previously treated for pre-existing epilepsy. A total of 60 (16%) patients experienced a seizure 

(29 at the trauma scene, 15 in ER, 15 in ICU and 1 on the ward). Among the 118 severe TBI patients in 

ICU for 7 days or more, anticonvulsants were continued for the recommended 7 days in 57% of cases. 

Conclusions 

Early seizure prophylaxis is inconsistently used in severe TBI patients in Canada. Phenytoin still remains 

the agent most used. Despite the current recommendations, 31% with severe TBI did not receive 

prophylaxis and 43% for a shorter period than 7 days. 
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Impact of Increase in Intracranial Pressure for a Fixed Duration in Patients with Severe Traumatic 

Brain Injury: A Prospective, Observational Study 

Gaurav Singh Tomar; Gyaninder Pal Singh; Parmod Bithal; Ashish Datt Upadhyay; Arvind Chaturvedi; 

Harsh Sapra 

Medanta-The Medicity Hospital, Gurugram, Gurugram, India 

 

Introduction 

Raised ICP persistently in severe TBI patients may be detrimental. However, chest physical therapy (CPT) 

is equally necessary for preventing secondary factors influencing the risk in these patients. This study 

was intended to observe the impact of short-term rise in ICP with manual CPT in severe TBI patients on 

outcome along with hemodynamics. 

Methods 

This was a prospective, observational trial on 92 adult patients, of either sex, aged 18-60 years, with 

severe TBI, on mechanical ventilatory support with continuous ICP monitoring, and receiving CPT on 

regular basis, included in this study. The CPT was applied for 10 minutes’ duration and repeated after an 

interval of 6 hours in between for a total 2 sessions in a day. The measurement measured intracranial 

pressure, cerebral perfusion pressure, heart rate, mean arterial pressure (from start of the intervention 

until 10 min after the intervention at 1 min interval each), and GCS after each session of CPT along with 

final outcome/GOS at the time of discharge and 3 months. 

Results 

The rise in median intracranial pressure of 3.0 (-8.0, 8.5) and median cerebral perfusion pressure of 5.25 

(-37, 29.5) was significantly higher during intervention and after intervention phase. In contrast, a 

median heart rate rise of 7.5 (2.0, 28.5) and mean arterial pressure rise of 7.0(2.0, 29.0) were 

comparable. However, in patients with high baseline ICP (>20 mmHg), poor outcome was noted in terms 

of low GOSE 1(1, 3), and higher mortality (40.9%) at hospital discharge or 3 months after injury. 

Conclusions 

Significant increase in ICP in severe TBI patients post CPT for 10 minutes at a time (total 20 minutes each 

day) was not tolerable in this cohort. Moreover, we observed significantly low GOSE in patients with 

sustained intracranial hypertension. The effect of manual technique of CPT on final (long-term) 

neurological outcomes remain inconclusive but with favorable respiratory outcome. 

176/341



Neurocrit Care (2019) 31:S1–S341 S177

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 166 

The Experience of Patient/Caregiver Dyads after a Moderate to Severe TBI Requiring ICU Admission 
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Foreman; Laura B. Ngwenya; Stephanie Thomas; Sara Keegan; Opeolu Adeoye 

Department of Emergency Medicine and Division of Neurocritical Care, University of Cincinnati, 
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Introduction 

Survivors of moderate and severe traumatic brain injury (msTBI) require substantial care, much of which 

is provided by friends and family. We sought to describe the experience and unmet needs of survivors 

and their informal caregivers follow msTBI, particularly related to care transitions. 

Methods 

This study was conducted in two intensive care units (ICUs) at a level 1 trauma center. We conducted 

qualitative, semi-structured interviews with both patients and informal caregivers of msTBI survivors at 

72 hours, one month, three months, and six months post injury. Informal caregivers were defined as 

friends or family who planned to provide care for the patient. Patients were 18 years or older with an 

msTBI, and not expected to imminently die of their injuries. 

Results 

Eighteen patient-caregiver dyads were enrolled. One patient died within 72 hours. At 72 hours, 17 

caregivers were interviewed; at one-month 13 caregivers were interviewed; at three months 11 

caregivers and one survivor were interviewed; and, at six months 11 caregivers and seven survivors 

were interviewed. Three themes were identified in the qualitative analysis of caregiver interviews: 

caregiver burden, caregiver health related quality of life, and caregiver need for information and 

support.  Experiences varied depending on time since injury, discharge disposition, functional neurologic 

outcome, caregiver access to resources, and likely multiple other additional factors. Interviews with 

survivors were not insightful secondary to post-traumatic amnesia. 

Conclusions 

This study provides new information about the experience of informal caregivers during the six months 

after their friend or family member survived an msTBI. Caregivers reported that needs evolved over 

time. At three to months, few moderate to severe TBI patients were well enough to be interviewed, and 

information obtained by survivors was not insightful. Interventions to promote caregiving may be a 

substantial opportunity to improve patient and caregiver-centered outcomes following TBI. 
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Vasospasm and Delayed Cerebral Ischemia Following Traumatic Brain Injury: A Case Report and 

Review of the Literature 
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SUNY Downstate Medical Center, Brooklyn, NY, United States 

 

Introduction 

Vasospasm following traumatic brain injury (TBI) has a high incidence and a detrimental effect on the 

neurological prognosis. Yet, it remains a neglected, poorly understood phenomenon and there are no 

guidelines for its management. Herein we present a case of severe vasospasm following TBI that caused 

secondary delayed cerebral ischemia (DCI). We further appraised the current literature aiming at 

identifying predictors of vasospasm in TBI. 

Methods 

A 31 y/o white woman presented to the Hospital after a mechanical fall resulting in mild TBI with 

associated subarachnoid hemorrhage (SAH). Glasgow Coma Scale (GCS) at presentation was 15, with no 

neurological deficits. A non-contrast CT head revealed diffuse bilateral fronto, parietal and temporal 

SAH without evidence of aneurysm or vascular malformations on CT angiogram (CTA). Toxicology 

screens were negative. At 72 hours from TBI patient developed acute severe headache. A repeated CTA 

showed right Internal Carotid Artery (ICA) and Middle Cerebral Artery (MCA) vasospasm with no 

ischemia identified on MRI brain. Patient was started on Nimodipine. On day-10 patient developed 

acute left side hemiparesis and neglect with neuroimaging evidence of a complete right MCA infarct. 

Hemodynamic augmentation therapy was initiated with partial improvement of deficits. Patient 

subsequently developed hemorrhagic conversion of the right MCA infarct. On day-25 neuroimaging 

revealed resolution of vasospasm. Patient had residual left side neglect and anosognosia. 

Results 

In line with prior literature our patient developed vasospasm in the large intracranial vessels, at 72 hours 

from the TBI and earlier than in aneurysmal SAH. However, differently from previous reports, GCS at 

presentation was > 9, age was > 30 and despite vasospasm developing later than 24 hours it was not 

associated with good outcome. 

Conclusions 

eded to identify accurate predictors of vasospasm following TBI with secondary 

DCI that could improve detection and management of this detrimental phenomenon. 
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Methodological Quality of Systematic Reviews Addressing Therapeutic Hypothermia and/or Cooling 

Therapy for Traumatic Brain Injury 
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, , Brazil 

 

Introduction 

Therapeutic hypothermia and/or cooling therapy has been hypothesized to have benefits in patients 

with traumatic brain injury (TBI). Several systematic reviews (SR) are being performed to address this 

question, but their results are inconsistent. The objective of this study was to assess the methodological 

quality of SR that included randomized clinical trials (RCTs) that assessed the effects of therapeutic 

hypothermia and/or cooling therapy in patients with TBI. 

Methods 

A critical appraisal study was performed in order to assess any SR that fulfilled the inclusion criteria. An 

unrestricted search of the literature was carried out in March 2019 at four major electronic databases 

(MEDLINE, EMBASE, LILACS and Cochrane Library). Two independent reviewers selected the studies, 

extracted the data and appraised the methodological quality of the included SR using the AMSTAR-2 (A 

MeaSurement Tool to Assess systematic Reviews) tool. An overall assessment of the confidence in the 

results was performed using the checklist available in AMSTAR-2 website 

(https://amstar.ca/Amstar_Checklist.php). The confidence of the results may be graded as high, 

moderate, low or critically low. This grading is based on the adequacy of the SR to the 16 domains of the 

AMSTAR-2. 

Results 

The search strategy retrieved 149 references. After the selection process, 16 SR were included. The SR 

were published between 2003-2018 and included 0 to 37 RCTs. The overall confidence in the results 

from included SR was graded as critically low in 53.3%, low in 13.3%, moderate in 20%, high in 13.3%. 

Conclusions 

A high number of SR addressing similar clinical questions were published in a short period of time. The 

methodological quality was adequate in only few SR. Clinical practice guidelines should considered this 

result when choosing the evidence synthesis to recommend for practice. 
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Introduction 

Neurogenic pulmonary edema (NPE) is a clinical syndrome characterized by acute onset after central 

nervous system injury. The aim of this study was to investigate the clinical features of NPE in patients 

with subarachnoid hemorrhage (SAH). 

Methods 

The authors retrospectively analyzed a total of 425 patients with SAH who were treated at our hospital 

from April 2014 to September 2017. Of these 425 patients, 350 were included in this study after the 

application of predefined exclusion criteria. Patient demographics, aneurysm size and location, clinical 

characteristics, and patient outcomes were reviewed and compared between an NPE and a non-NPE 

group. 

Results 

Sixteen patients (4.6%) presented with NPE at admission. Among them, 10 patients (62.5%) recovered 

from NPE immediately, and ventilatory support was withdrawn within 2 days from onset. A univariate 

analysis showed that patients with NPE were of younger age (p=0.04), had a higher rate of vertebral 

(p=0.01), and lower systolic blood pressure on admission (p=0.

revealed significant differences in the frequency of vertebral artery dissection (odds ratio (OR) 4.83, 95% 

CI 1.50- -13.66, p=0.04) between the groups 

with and without NPE. No significant group differences were found in other factors, including heart rate, 

neurologic outcomes at discharge. 

Conclusions 

Vertebral art

factors for NPE. However, neurologic outcomes at discharge did not differ between groups, suggesting 

that poor outcome due to NPE could be reduced by appropriate diagnosis and treatment. 

180/341



Neurocrit Care (2019) 31:S1–S341 S181

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 170 

Effect of periprocedural systemic antibiotics on the incidence of infection following external 

ventricular drain placement 
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Indiana University Health, Department of Pharmacy, Indianapolis, IN, United States 

 

Introduction 

Antibiotic-impregnated catheters (AIC) are recommended for the prevention of ventriculostomy-related 

infections (VRI). Other antibiotic prophylaxis strategies following external ventricular drain (EVD) 

placement vary widely by institution. The role of systemic antibiotics for this indication remains 

controversial. 

Methods 

We retrospectively reviewed the charts of all patients having an EVD placed between January 1, 2016 

and December 31, 2018. After excluding patients who died or were discharged within 48 hours of EVD 

placement or had an EVD placed due to suspected meningitis, patients were categorized into the 

periprocedural (P) or no periprocedural (NP) antibiotics group. Patients were determined to have a VRI if 

catheter and up to 7 days after catheter removal. Mann-Whitney U test was used to analyze descriptive 

data and baseline demographics. Chi-squared models were used to analyze the incidence of infection. 

Results 

included in the no periprocedural antibiotics group (age 

60 [52-69] years; 50% male) and 120 were included in the periprocedural antibiotics group (age 51 [39-

62] years; 56% male). The most frequent indications for EVD were subarachnoid hemorrhage (SAH) [NP: 

n=51 (54%), P: n=30 (25), p<0.001], intracranial hemorrhage (ICH) [NP: n=20 (21%), P: n=23 (19%), 

p=0.731), and other, which included colloid cysts and tumors [NP: n=10 (10.5%), P: n=37 (31%), 

p<0.001]. There were 4 infections in the no periprocedural antibiotics group compared to 8 in the 

periprocedural antibiotics group (p=0.436). The most common pathogen was coagulase-negative 

staphylococci (n=4, 33%). 

Conclusions 

The use of periprocedural systemic antibiotic prophylaxis did not significantly reduce the incidence of 

VRI. Periprocedural systemic antibiotics may not be necessary in the setting of antibiotic impregnated 

catheters to reduce the incidence of infection. 
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Intraventricular Nicardipine Reverses Refractory Vasospasm Following Craniopharyngioma Resection 
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Introduction 

Cerebral artery vasospasm is a rare complication of craniopharyngioma resection but can have life 

altering consequences including delayed cerebral ischemia if not quickly recognized and managed 

appropriately. We present a case of craniopharyngioma resection in a 16 year old male complicated by 

refractory vasospasm and its management with intraventricular nicardipine. 

Methods 

Data regarding the operative management, time course, vasospasm and management was accessed 

retrospectively after patient discharge. 

Results 

A 16 year old male with recurrence of a craniopharyngioma presented with left eye vision loss and was 

admitted to the neurosciences intensive care unit after transsphenoidal resection.  Intraoperatively, the 

tumor was noted to be adhered to the posterior communicating artery and the left anterior cerebral 

artery. Dense invasion into the hypothalamus was noted. This portion was carefully resected to avoid 

progressive lethargy. Computed tomography angiography revealed new mild narrowing of the left 

anterior and middle cerebral arteries and bilateral posterior cerebral arteries consistent with 

vasospasm. The patient was treated with a vasospasm bundle including nimodipine, euvolemia, and 

blood pressure augmentation. Over the next twenty days, the patient continued to have a variable 

amount of vasospasm despite aggressive medical and intra-arterial management. On post-operative day 

27. Nicardipine was then infused into the EVD once a day for 3 days, resulting in rapid and sustained 

improvement in vasospasm. 

Conclusions 

The mechanism of vasospasm following skull base tumor resection is unknown. Presence of blood in the 

operative bed, direct surgical injury to the blood vessels, hypothalamic dysfunction and the release of 

inflammatory chemicals have all been proposed. Treatment remains similar to treatment used in SAH, 

utilizing nimodipine, euvolemia, blood pressure augmentation and intra-arterial verapamil. This case 

demonstrates the effectiveness of intraventricular infusion of nicardipine on refractory vasospasm. 
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A Rare Case of Bilateral Internal Carotid Artery Aneurysms Presenting as Trigeminal Neuralgia 
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Oklahoma University Health Sciences Center, Oklahoma City, OK, United States 

 

Introduction 

To present a rare case of bilateral Internal Carotid Artery (ICA) aneurysms presenting as trigeminal 

neuralgia (TN), with good outcome post surgical treatment. 

Methods 

Case Report - Retrospective chart review 

Results 

A 70-year-old woman presented with disabling TN for 1 year, exclusively affecting the right maxillary and 

mandibular divisions. Symptoms did not abate with trial of adequate doses of Gabapentin, Duloxetine, 

Oxcarbazepine and Indomethacin. Thin-cut magnetic resonance imaging (MRI) brain with and without 

contrast showed rare contact with wide-necked aneurysms of bilateral petrous-cavernous ICAs 

producing prominent mass effect on bilateral adjacent trigeminal nerves. Carotid arteriogram re-

demonstrated ICA aneurysms with left measuring 13.1 mm x 7.70 mm and right measuring 10.5 mm x 

hours post procedure, TN had completely resolved. Patient was started on Aspirin 325 mg and 

Clopidogrel 75 mg daily and is being tentatively planned for intervention on left aneurysm. On her 3-

month follow-up appointment with neurology, she reports no recurrence of TN. 

Conclusions 

In cases of aneurysmal causes of TN, presence of bilateral aneurysms causing mass effect on the 

trigeminal nerve at its root is a rare occurrence and needs high clinical suspicion. Due to the high risk of 

rupture associated with giant and symptomatic aneurysms, treatment should be expedited and 

aggressive in order to not only address symptomatic TN but also to avoid the risk of aneurysm rupture in 

the future. Surgical clipping and endovascular coiling with or without stenting has demonstrated 

remarkable symptom relief in reviewed literature for other types of intracranial aneurysm. 
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Atypical Radiographic Images after Successful Revascularization for Moyamoya Disease: A Case Report 
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T. Ikeda; H. Kurita 

Department of Cerebrovascular Surgery, International Medical Center, Saitama Medical University, 
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Introduction 

Moyamoya disease is a chronic cerebrovascular disease characterized by spontaneous and progressive 

stenosis or occlusion of the internal carotid artery and its branches. Revascularization procedures have 

been shown to improve cerebral hemodynamics and decrease the risk of strokes, but several 

postoperative complications are known to occur. 

Methods 

We present a case with a fairly rare complication with characteristic radiological findings after surgery. A 

14-year-old girl with moyamoya disease underwent left superficial temporal artery (STA)-to-middle 

cerebral artery (MCA) anastomosis with encephalo-duro-myo-synangiosis (EDMS), and did right STA-

MCA anastomosis and EDMS one year after the initial surgery. 

Results 

The procedures were uneventful and the occlusion time was 38 minutes. She recovered from the 

anesthesia without neurological deficit, and MRI on postoperative day (POD) 1 demonstrated no 

ischemic lesions and patent bypass, although swelling of the temporal muscle attached to the brain 

surface was noted. On postoperative day 4, she experienced a transient neurological event (left 

hemiparesis). Magnetic resonance imaging revealed large cortical and subcortical hyperintense lesions 

in the middle cerebral artery territory on diffusion-weighted imaging and apparent diffusion coefficient 

imaging. Subsequently, the radiographic findings improved within several days with resolution of the 

symptoms. 

Conclusions 

Revascularization surgery for improving a patient’s hemodynamics can prevent the development of 

strokes, but is known to be associated with perioperative cerebral infarction and cerebral 

hyperperfusion causing transient neurological deterioration, delayed intracerebral hemorrhage, and 

vasogenic edema.This case is a reminder that hemodynamic complications can develop subacutely in 

patients who have undergone successful revascularization for moyamoya disease. The radiological 

features and mechanisms of this rare condition associated with revascularization surgery for moyamoya 

disease are discussed. 
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Intra-arterial Treatment of Vasospasm Post-Open Craniotomy Resection of Pituitary Tumor 
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Introduction 

Vasospasm with delayed cerebral ischemia is a rare but known complication of endoscopic 

transsphenoidal resection of pituitary adenoma.  This complication has rarely been reported in cases of 

-arterial treatment have been favorable in 

some cases. 

Methods 

Electronic medical record review. 

Results 

The patient is a 42 year old male who underwent subtotal resection of pituitary adenoma via an open 

right fronto-temporal approach. Eight days post-resection he developed progressive headache and left-

sided weakness which acutely worsened the following day. His NIHSS on presentation was 12, consistent 

with right MCA syndrome. CT Brain showed mass effect in the right frontal lobe with 3.5 mm midline 

shift. CTA showed sluggish flow through right M1 branch suggestive of vasospasm. He was taken to 

cerebral angiogram post-op day 11 and received right ICA intra-arterial verapamil and right ICA and MCA 

angioplasty. He was started on nimodipine following the procedure. His exam improved significantly 

over the course of 1-2 days. He was discharged home on verapamil 80mg q8 hours. At three month 

follow-up his NIHSS was 0 and his modified Rankin Scale was 1. 

Conclusions 

In the case we present, the patient received intra-arterial treatment with verapamil and angioplasty 2-3 

days after onset of symptoms. Despite delayed presentation the patient ultimately achieved a favorable 

functional status.  Vasospasm and stroke post-pituitary tumor resection are complications of which 

patients should be adequately informed, especially when considering the possibility of good functional 

outcome with intra-

of this potentially debilitating and life-threatening complication and attention should be paid to utilizing 

techniques for early detection of vasospasm. 

185/341



S186 Neurocrit Care (2019) 31:S1–S341

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 175 

Comparison of Neurosurgical and Medical Management of Raised ICP Patients in a Resource-limited 

ICU 

Syed Tariq Reza; Syeda Nusrat Jahan; Md. Mozaffer Hossain 

Intensive Care Unit, Dhaka Medical College Hospital, Dhaka, Bangladesh 

 

Introduction 

Neuromonitoring is an essential part of the management of neurocritical patients. Many ICUs in 

developing countries manage their patients without monitoring ICP. Intensivists play a vital role in 

clinical judgments to manage their patients. Raised ICP are handled either by medical management or 

surgical procedures like decompressive craniotomy. The study aimed to see the outcome of patients 

with raised ICP and compare medical vs surgical management in these patients without monitoring ICP. 

Methods 

A retrospective observational study was conducted among patients admitted from January to December 

2018 in the ICU of Dhaka medical college hospital, Bangladesh. Patients who had etiologies of brain 

code, clinical presentations and or radiological findings consistent with raised ICP were included. Patents 

were grouped into neurosurgical and medical management groups. Length of ICU stays and mortality 

were observed. Student's t-test and Chi-Square tests were used to see the statistical significance. 

Results 

Total of 187 patients was selected. Mean age was 40.51±20.5 years, and 75.4% were male. Traumatic 

brain injury was the most common cause of raised ICP (41.2%) among selected patients. 52.9% of 

patients were managed medically, and neurosurgical procedures managed 47.1% of patients. Length of 

ICU stay was higher in neurosurgical patients compared to medical management group (13.22±9.91 vs 

10.58±8.84; p=0.56, non-significant). Mortality was higher in neurosurgical patients compared to 

medical management group (55.7% vs 48.5%; p=0.326, non-significant). Mortality was also higher in 

traumatic brain injury patients who underwent neurosurgery compared to medical management (58.2% 

vs 50%; p=0.51, non-significant). 

Conclusions 

Neurosurgical management didn't show a better outcome in patients with raised ICP when monitoring 

was unavailable in a resource-limited ICU. 
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The Impact of Chronic Kidney Disease on Cerebral Hemodynamics: A Transcranial Doppler Study 

Shivani Ghoshal; Jonathan Gomez; Sudhir V. Datar; Charles Tegeler; Aarti Sarwal; Barry I. Freedman 

Department of Neurology, , Winston-Salem, NC, United States 

 

Introduction 

Chronic kidney disease (CKD) independently increases the risk of stroke and burden of ischemic small 

vessel disease (SVD). Effects of CKD on intracranial hemodynamics remain poorly defined. This study 

compared SVD and a transcranial Doppler (TCD)-based marker of intracranial vascular resistance 

(pulsatility index, PI) in post-stroke patients with and without CKD. 

Methods 

In this retrospective cohort study, consecutive patients with CKD diagnosed based on stable estimated 

ncluded. The means of bilateral PI in 

anterior (anterior cerebral [ACA] and middle cerebral arteries [MCA]) and posterior vessels (posterior 

cerebral [PCA] and vertebral arteries [VA]) were computed. MRI SVD volumes was calculated for all 

patients. 

Results 

within three months of a stroke. Anterior and posterior circulation PI (ACA, MCA, and PCA) significantly 

correlated with MRI lesion volume in all patients. CKD strongly correlated with higher distal resistance 

(median CKD ACA PI 1.2, IQR 1.0 to 1.35 vs. controls 0.91 IQR 0.79 to 1.1  [p<0.0001]; median MCA PI 

1.14 IQR 1.03 to 1.39 vs. controls 0.93 IQR 0.79 to 1.1  [p<0.0001]) and MRI SVD burden (median CKD 

SVD 4.98 x 104 IQR 2.66 to 7.76 x 104  voxels vs. controls median SVD 6.7 x 103 IQR 2.4 to 24.0 x 103 

[p<0.0001]). Age and CKD were the strongest determinants of intracranial vascular resistance in post-

stroke patients. 

Conclusions 

In patients with recent stroke, MRI SVD volume is significantly associated with anterior and posterior 

circulation PI. Significantly higher SVD lesion burdens and anterior circulation PIs were observed in 

patients with CKD. CKD is an independent determinant of increased intracranial vascular resistance in 

both anterior and posterior cerebral circulations. 
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Left Atrial Enlargement as an Independent Risk Factor for Coexisting Acute SysTemic Visceral 

Embolism in Acute IscheMic Stroke due to Atrial Fibrillation (STEM-AF) 

Jeong-Ho Hong; Hyungjong Park; Joonsang Yoo; Sung-Il Sohn; Sang-won Park 

Department of Neurology, Keimyung University School of Medicine, Dongsan Hospital, Daegu, South 

Korea 

 

Introduction 

Atrial fibrillation is associated with an increased risk of stroke and systemic embolism. We investigated 

the prevalence of coexisting subdiaphragmatic visceral infarction (SDVI) in patients with acute ischemic 

stroke due to atrial fibrillation and also evaluated independent factors of acute SDVI. 

Methods 

We enrolled a consecutive series of 100 acute ischemic stroke subjects with atrial fibrillation between 

MRA or CTA were excluded. All subjects were prospectively examined using abdominal MR imaging at 

1.5T and transthoracic echocardiography (TTE) within 7 days of onset. A multivariable logistic regression 

analysis with predefined variable (age and sex) and the potential confounders that were associated with 

SDVI i  

Results 

The mean age was 72.9 ± 9.3 years (47% males). Onset-to-abdominal image time was 3.8 ± 2.1 days. 

Among 100 patients, 23 acute coexisting SDVI (20 renal and 2 splenic infarctions and 1 superior 

mesenteric artery occlusion) were found in 20 patients with acute ischemic stroke and atrial fibrillation. 

Twelve patients had a chronic SDVI; 10 renal and 2 splenic infarctions. No hepatic and bladder infarction 

was shown. Severe 

significantly associated with the coexistence of acute SDVI and acute ischemic stroke attributed to atrial 

fibrillation in the logistic regression model. (adjusted OR, 11.0; 95% CI, 1.2-98.0; p = 0.03). 

Conclusions 

There was a significant relationship between the presence of acute SDVI and severe left atrial 

remodeling in acute ischemic stroke patients attributed to atrial fibrillation. Based on these results, we 

suggest that abdominal MR imaging for evaluating coexisting acute SDVI should be considered in 

patients with acute ischemic stroke due to atrial fibrillation, especially with left atrial enlargement on 

TTE. 
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Effect of High Chloride Burden on Clinical Outcomes in Critically Ill Patients with Large Hemispheric 

Infarction 

Dong-Seok Gwak; Baik-Kyun Kim; Seung Bin Kim; Moon-Ku Han 

Kyungpook National University Hospital, Korea, Department of Neurology, Daegu, Republic of Korea 

 

Introduction 

Patients with large hemispheric infarction are likely to accumulate chloride due to commonly used 

hypertonic saline for lowering elevated intracranial pressure. However, the effect of chloride burden on 

clinical outcomes in these patients is not well studied. This study aims to investigate the impact of 

maximum serum chloride concentration during admission on in-hospital mortality in critically ill patients 

with large hemispheric infarction. 

Methods 

We conducted a retrospective observational study of patients with large hemispheric infarction who 

were admitted to the neurocritical care unit, between March 2013 and June 2018. Patients were 

excluded if they had baseline creatinine clearance less than 15 mL/min, required neurocritical care for 

less than 72 hours. Multivariable logistic regression models were used to evaluate the association of 

maximum serum chloride concentration during admission with in-hospital mortality. 

Results 

Of 106 eligible patients, 23 (21.7%) were died in hospital. Compared to patients who survive to hospital 

discharge, those who died in hospital had higher maximum serum chloride level during admission (137.0 

± 10.8 vs 117.8 ± 10.1, p<0.001). Each 5 mmol/L increase in maximum serum chloride concentration was 

associated with increased risk of in-hospital mortality with an odds ratio of 2.324 (95% CI, 1.622-3.330, 

p<0.001). After adjusting for confounders including Acute Physiology, Age, Chronic Health Evaluation II 

(APACHE II) score, baseline serum glucose, base deficit, use of mannitol, hypertonic saline, therapeutic 

hypothermia, and incidence of acute kidney injury, maximum serum chloride level remained an 

independent risk factor associated with in-hospital mortality (adjusted odds ratio for every 5 mmol/L 

increment, 1.966; 95% CI, 1.222-3.163, p=0.005). 

Conclusions 

Higher maximum serum chloride concentration was associated with higher in-hospital mortality in 

critically ill patients with large hemispheric infarction. These results suggest serum chloride level should 

be monitored as high chloride burden may cause poor outcomes on those populations. 
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Neurovascular Ultrasound adds Incremental Value in Re-perfused Acute Ischemic Stroke after 

Undergoing CT Angiogram 

Jonathan Gomez; Kyle Hobbs; Quang Vu; John Bennett;  Stacey Wolfe; Dana Foster; Sheryl Hendrix; 

Charles Tegeler; Aarti Sarwal 

, Winston-Salem, NC, United States 

 

Introduction 

Patients with acute ischemic stroke caused by large vessel occlusion may receive both CT-angiogram 

(CTA) and digital subtraction angiogram in the process of evaluation and management of restoring 

perfusion. Neither AHA/ASA stroke/imaging guidelines address indications for Transcranial Doppler 

(TCD) and/or Carotid Duplex Ultrasonography (CUS) in early stroke evaluation and most patients do not 

receive additional cerebrovascular imaging after reperfusion. We investigated the clinical utility of 

performing TCD/CUS after reperfusion in guiding post-acute care stroke management. 

Methods 

A retrospective review of stroke patients for imaging, blinded expert review for the added value of 

TCD/CUS followed by nominal group process for consensus 

Results 

We reviewed 200 inpatient ischemic strokes admitted to a comprehensive stroke center in 2017.  41 of 

these had TCD/CUS done and 25 had CTA done prior to TCD. 24 of these underwent either tissue 

plasminogen activator or thrombectomy for reperfusion. These cases were reviewed by two experts 

(KH, QV), who were blinded to each other, to determine if TCD/CUS provided any added value after CTA 

affecting patient management. A nominal group process was performed, using a third blinded expert 

(AS) in case of disagreements to reach consensus. The reviewers reported 10 cases where TCD/CUS 

provided incremental value for management. Value added by TCD/CUS, as noted by experts, included 

detection of residual/recurrent mobile thrombus requiring anticoagulation, confirmation of reperfusion 

in a symptomatic patient, distinguishing between carotid stenosis and occlusion by showing string sign 

on carotid ultrasound, confirming hemodynamic significance of angiographic stenosis helping triage the  

need for stenting/endarterectomy, and new information on chronicity of carotid stenosis based on 

collateral flow patterns hence deferring further intervention. 

Conclusions 

Our experience shows a significant added value of performing TCD/CUS in more than 40% of stroke 

cases in our review. The incremental information provided by ultrasound-guided further evaluation and 

management decisions in most of these patients. 
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What Are The Molecular Mechanisms Of Axon Degeneration in Stroke? 

Jack Wang; Jack Wang; Mauricio Vargas;  Jason Hinman; Marion Buckwalter 

Department of Neurology, Stanford University School of Medicine, Stanford, CA, United States 

 

Introduction 

Axons of the Wallerian degeneration slow (Wlds) mutant mice survive weeks after traumatic and 

ischemic nerve injuries. Prior characterization of the mutant Wlds protein showed that it is a fusion gene 

product between the non-functional, truncated N70 amino acids of UBE4B and full functional sequence 

of nuclear NMNAT1, a rate-limiting enzyme in NAD+ synthesis. However, the molecular mechanisms by 

which the mutant Wlds protein protects axons from stroke injuries remain unclear. We sought to 

understand how Wlds is able to robustly protect axons from ischemic injuries, and in doing so possibly 

identify novel therapeutic targets to attenuate axonal loss in stroke. 

Methods 

We first sought to understand the temporal and spatial requirements of Wlds activity in protecting 

axons from ischemic injuries. To achieve this, we developed a novel tool to conditionally regulate the 

expression of Wlds protein by modulating its post-translational protein stability. Using this powerful 

technique, we asked how conditionally "turning on" or "turning off" Wlds activity affects axonal survival 

following ischemic insults. Moreover, as the only known function of Wlds is in catalyzing NAD+ synthesis, 

we designed a high-throughput pharmacological screen for NAD+ analogs to evaluate whether the NAD+ 

synthetic pathway mediates Wlds axon protection. 

Results 

We found that conditional expression of Wlds protein within 4-6hrs after stroke injuries was necessary 

and sufficient to confer axonal survival, whereas turning off Wlds activity post-injury abolished axon 

protection. This indicates that Wlds activity is a local event in the axon, and exerts axonal protection 

within a critical time window even after the injury has occured. We further observed that exogenous 

addition of NAD+, but not its precursors or immediate metabolites, was sufficient to confer axonal 

protection, while attenuating NAD+ levels abolished WldS axon protection. This suggests that NAD+ is a 

molecular mediator of Wlds axon protection in stroke. 

Conclusions 

We showed that Wlds activity is a local axonal event, and uncovered a critical window of 4-6hrs post-

stroke injury in which the course of axon degeneration can be halted or even reversed in mammalian 

neurons. Moreover, we showed that this process is mediated by rising NAD+ levels in axonal 

compartments through a novel NAD+ dependent cell signaling cascade. These findings provide powerful 

insight into the molecular bases of Wlds activity, and uncover new therapeutic targets to delay and 

potentially even reverse axon degeneration in stroke. 
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Intravenous Thrombolysis for Ischemic Stroke in Patients with Incidental Unruptured Intracranial 

Aneurysm 

Seo Hyun Kim; Jeong Hee Cho; Ji In Kim 

Department of Neurology, Yonsei University Wonju Collage of medicine, Wonju, Republic of Korea 

 

Introduction 

Unruptured intracranial aneurysm (UIA) are incidentally found on the computed tomography (CT) or 

magnetic resonance angiography in about 2% of patients. Because of the risk of intracranial hemorrhage 

(ICH), the presence of UIA is contraindication to intravenous thrombolysis for acute stroke. As 

noncontrast CT (NCCT) is mostly used for thrombolytic therapy and UIA is difficult to diagnose using a 

NCCT, UIA may be found after thrombolysis. 

Methods 

Among the patients with acute ischemic stroke treated with intravenous thrombolysis for 5 consecutive 

years in one stroke center, patients diagnosed with UIA by CT angiography immediately after 

thrombolysis, were enrolled. Characteristics of UIA and clinical outcomes such as ICH and modified 

Rankin Scale (mRS) score at discharge were analyzed. 

Results 

Among 172 patients treated with intravenous thrombolysis, 8 (2.3%) patients were diagnosed with UIA. 

ally relevant artery and 7 patients an aneurysm less than 10mm 

in diameter. The median value of the initial National Institutes of Health Stroke Scale score was 12 

(range 5-19). The median mRS score at discharge was 3 (range 2-5). There was no patient who had ICH 

or aneurysm rupture during admission. 

Conclusions 

Intravenous thrombolysis could be safe and necessary to the patients with hyperacute ischemic stroke 

and incidental UIA. 
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Gastrointestinal Disorders and Risk of Future Arterial Thrombotic Events 

William Harrison Roth;  A. Cai; M. Chen; A. Merkler; H. Kamel 

New York-Presbyterian Hospital; Universities of Columbia and Cornell, New York, NY, United States 

 

Introduction 

Recent studies suggest that variations in the constitution of the gut microbiome contribute to 

atherosclerotic burden and cardiovascular disease. While many gastrointestinal (GI) diseases are known 

to cause disruption of the normal gut microbiome in humans, the clinical impact of GI diseases on 

subsequent vascular disease remains unknown. We conducted an exploratory analysis evaluating the 

relationship between GI disease and ischemic stroke or acute myocardial infarction (MI). 

Methods 

We performed a retrospective cohort study using claims between 2008-2015 from a nationally 

composite of ischemic stroke or acute MI. Stroke and MI were assessed separately as secondary 

outcomes. In an exploratory manner, we evaluated the association of each GI disorder in the ICD-9-CM 

classification with our outcomes. We then categorized individual GI disorders by anatomic location, 

disease chronicity, and disease mechanism. We used Cox proportional hazards models to examine 

associations with adjustment for demographics and established vascular risk factors. Since this was an 

exploratory, hypothesis-generating study, we report only notable positive associations. 

Results 

Among approximately 1,730,000 beneficiaries, the following GI disorders were associated with an 

increased risk of subsequent ischemic stroke: gastric ulcer (HR, 1.16, 95% CI, 1.06-1.26), duodenal ulcer 

(1.13, 1.01-1.23), gastritis and duodenitis (1.11; 1.05-1.17), disorders of function of stomach (1.16, 1.07-

1.27), other disorders of stomach and duodenum (1.14; 1.03-1.27), gastrointestinal mucositis (6.76; 

2.18-20.97), unspecified noninfectious gastroenteritis and colitis (1.14; 1.07-1.22) and gastrointestinal 

hemorrhage (1.06; 1.01-1.13). The following categories of GI disorders were associated with an 

increased risk of ischemic stroke: stomach disorders (1.14; 1.07-1.22), stomach and small intestine 

disorders (1.05; 1.00-1.09), ulcerative disorders (1.07; 1.01-1.13) and chronic GI disorders (1.08; 1.01-

1.15). GI disorders were not associated with an increased risk of MI, and some demonstrated a reduced 

risk. 

Conclusions 

Several GI disorders were associated with an increased risk of ischemic stroke, but none were associated 

with an increased risk of MI 
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Higher Neutrophil-to-lymphocyte Ratio is Associated with Early Neurological Deterioration in Stroke 

Due to Large Artery Atherosclerosis 

Tae Jung Kim;Ki-Woong Nam; Soo-Hyun Park; Sang-Bae Ko 

Seoul National University Hospital, Seoul, Republic of Korea 

 

Introduction 

To evaluate the relationship between serum neutrophil-to-lymphocyte ratio (NLR) levels and early 

neurological deterioration (END) in ischemic stroke patients with large-artery atherosclerosis (LAA). 

Methods 

We evaluated consecutive ischemic stroke patients due to LAA between January 2010 and December 

within the first 72 hours of admission. The NLR was calculated by dividing the absolute neutrophil counts 

by the absolute lymphocyte counts. 

Results 

Among the included patients (n = 349; male, 59.9%; mean age, 69 years), 18.1% (n = 63) had END 

events. In multivariate analysis, serum NLR level was independently associated with END (adjusted odds 

ratio, 1.09; 95% confidence interval [1.02 to 1.17], P = 0.016). Visit time from symptoms onset, and in-

situ thrombosis and artery-to-artery embolization mechanisms were also found to be significant factors 

for END events. In the analyses regarding the relationship between serum NLR values and burden of 

vascular lesions, NLR levels were positively correlated with both the degree of stenotic lesions (P for 

trend = 0.006) and numbers of vessel stenosis (P for trend = 0.002) in a dose-response manner. We also 

compared the difference of serum NLR levels according to the stroke mechanisms from underlying 

vascular lesions. Then, hypoperfusion and in-situ thrombosis mechanisms showed higher levels of NLR. 

However, only in-situ thrombosis mechanism had higher NLR values among the END groups compared 

to non-END groups (P = 0.005). 

Conclusions 

Serum NLR levels were associated with END events in ischemic stroke patients with LAA mechanism. 

Since NLR was also closely correlated with the relevant vascular lesions, our results indicated clues for 

underlying mechanisms of END events. 
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Microembolic Signals Detected by Transcranial Doppler Predict Future Stroke and Poor Outcomes 

Alvin S. Das; Robert W. Regenhardt; Sarah LaRose; Andrew D. Monk; Pedro M. Castro; Faheem G. 

Sheriff; Henrikas Vaitkevicius 

Department of Neurology, Massachusetts General Hospital, Harvard Medical School, Boston, MA, United 

States  

 

Introduction 

Transcranial Doppler (TCD) can detect emboli in numerous cerebrovascular settings. Although previous 

studies have suggested that microembolic signals (MES) may predict recurrent stroke, the practical 

significance of such findings remains unclear. This uncertainty has deterred the widespread use of 

embolic monitoring among clinicians. 

Methods 

In a retrospective fashion, we investigated the real-world applicability of TCD by examining whether the 

presence of MES portends worsened clinical outcomes. We reviewed the charts of all ischemic stroke 

patients (n = 136) who underwent MES monitoring from January 2017 to December 2018. 

Results 

Of the stroke subtypes reviewed, 35% were atheroembolic, 29% were cardioembolic, 4% were lacunar, 

9% were dissection, 10% were hypercoagulable, 10% were cryptogenic, and 8% were due to other 

causes. 6 +/- 9 MES were detected in 18% of patients. MES were detected at an average of 14.99 +/- 

4.72 dB (with a detection threshold > 9.00 dB). Recurrent stroke was seen in 10% of patients (monitored 

over 7.2 +/- 6.6 days). Patients with MES were more likely to have recurrent stroke (46% vs. 2%, p < 

0.001), undergo a revascularization procedure (25% vs. 6%, p = 0.005), have a longer length of stay (10 

vs. 4 days, p = 0.001), and have a discharge mRS 3-6 (83% vs. 30%, p < 0.001) compared to those without 

MES. Multivariable logistic regression analysis showed that MES was an independent predictor of 

recurrent stroke (OR 42.1, 95% CI 6.7-265.6) and of poor discharge mRS 3-6 (OR 15.7, 95% CI 4.0-61.7) 

despite controlling for antithrombotic treatments and stroke subtypes. 

Conclusions 

In the largest series of patients who underwent embolic monitoring with TCD, MES predicted ischemic 

stroke recurrence leading to worsened disability and prolonged hospital stays. Given that MES can 

provide important prognostic information, TCD with embolic monitoring may be clinically useful in the 

workup of ischemic stroke. 
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Safety of Cangrelor in Emergency Endovascular Stroke Recanalization: A Single Center Experience 

Julius Gene S. Latorre; Husitha R. Vanguru; Carlos Ynigo D. Lopez; Sudhat Ashok; Grahame C. Gould; 

Hesham Masoud 

SUNY Upstate Medical University, Syracuse, NY, United States 

 

Introduction 

Expanded patient eligibility for mechanical thrombectomy (MER) of acute ischemic stroke (AIS) has 

resulted in a proportional increase of patients who require emergency angioplasty and/or stenting (EAS) 

to achieve recanalization. Post-stenting antiplatelet medication management continues to remain a 

challenge due to lack of immediate effect and rapid reversibility ideal for patients at high risk of stent 

thrombosis and hemorrhagic complications, especially after intravenous alteplase (TPA). Cangrelor is an 

immediate-acting intravenous P2Y12 receptor inhibitor with rapid clearance and restoration of normal 

platelet within one hour of infusion termination. We describe our preliminary experience with 

administration of Cangrelor in AIS patients undergoing MER and requiring EAS as rescue therapy. 

Methods 

Retrospective chart review of AIS patients who underwent MER between October 2018 and March 

2019. IRB exemption was obtained prior to data review. 

Results 

Ten patients with AIS who received Cangrelor after MER were identified.  Median admission National 

 TPA prior to MER. Cangrelor drip 

was started immediately prior to EAS. Median duration of Cangrelor drip was 22 hours. Dual antiplatelet 

was given a median time of 5 hours before discontinuation of Cangrelor. Seven patients had repeat 

imaging at 3 months confirming durable vessel patency and no restenosis.  None of the patients 

experienced clinical deterioration, symptomatic intracranial hemorrhage, or recurrent strokes during the 

hospital stay. One patient underwent surgical decompression but did not develop any hemorrhagic 

complications. Median mRS at discharge was 3, and median NIHSS at discharge was 8. 

Conclusions 

In our case series, Cangrelor was observed to be a safe alternative to oral antiplatelet drugs in the 

immediate perioperative period among AIS patients who underwent MER and required EAS, , including 

patients who received TPA and at high risk for malignant cerebral edema or hemorrhagic transformation 

who may require emergency surgical decompression. 
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Changes in Arginase Pathway After Neonatal Brain Hypoxic-Ischemic Injury 

Jana Krystofova; Praneeti Pathipati; Ann Sheldon; Donna Ferriero 

, , CA, United States 

 

Introduction 

The response of the neonatal brain to hypoxic ischemic injury (HI) is developmentally specific therefore 

therapies for brain HI cannot be standardized across the ages. While arginases (ARG; isoforms ARG-

1/ARG-2) are enzymes actively studied for their neuroprotective/neuroregenerative effects in various 

neurological conditions, in neonatal HI the ARG effect remains unknown. 

Methods 

To test the hypothesis that ARG changes with neurodevelopment and after HI we exposed mice C57BL/6 

(wild-type) to hypoxia-ischemia on postnatal day 9, as follows: permanent coagulation of left common 

carotid artery to induce ischemia, a 1h recovery period and exposure to 10 % oxygen/balance nitrogen 

at 37°C for 50 min to induce hypoxia. Animals were perfused at 1h,4h,12h, 24h and day 5 with 4 % 

paraformaldehyde, brains were post-fixed, sectioned on a cryostat (12 um) and examined histologically 

with cresyl violet stain to assess the degree of damage and ARG spatiotemporal localization via 

immunohistochemistry. ARG expression was measured by Western Blot and ARG activity 

spectrophotometrically. 

Results 

ARG expression and activity increase during development, however this increase is suppressed by HI. 

ARG-1 expression increases on day 5 after HI which corresponds to our findings of ARG-1 accumulation 

at the penumbra site. Cortical ARG activity remains suppressed after HI, compared to that in the 

hippocampus, where it increases. Spatiotemporally, ARG-1 localizes into myeloid cells in CNS. ARG-1-

expression increases in microglia as early as 4h after injury and remains elevated for a prolonged time. 

ARG-2 is localized in pyramidal neurons of the indusium griseum, fasciola cinerea, neocortex and 

hippocampus (CA2, CA3). ARG-2-expressing cells are damaged by HI, however they do not undergo 

spatial changes. 

Conclusions 

Microglial ARG-1 strongly responds to HI and may play role in neuroinflammation and neuroprotection, 

while ARG-

and therapeutic potential of the ARG-pathway in neonatal HI. 
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Decompressive Hemicraniectomy While Cold 

Nate Leibu; Derek Neupert; Casey Dunn; Aimee Aysenne; Justin Salerian;Elle Wade  

Tulane University School of Medicine, Department of Clinical Neurosciences, New Orleans, LA, United 

States 

 

Introduction 

SISCO: Helping Stroke Patients with ThermaSuit Cooling Trial is a Phase 2 study in ischemic stroke with 

rapid induction of hypothermia to 32  within one hour. This patient had induction followed by early 

malignant edema requiring decompressive hemicraniectomy while 33 C. This is the first report of 

hemicraniectomy in a therapeutically hypothermic patient. 

Methods 

Case Report 

Results 

59 y/o woman presenting with a left MCA syndrome. Initial imaging demonstrated left M1 occlusion. 

She received IV tissue plasminogen activator (tPA) followed by thrombectomy with TICI 3 recanalization 

within practice guidelines. She was enrolled in SISCO trial. She was sedated with propofol, fentanyl, and 

versed for induction, reaching target temperature of 34 degrees within 60 minutes. She remained on 

sedation for shivering and temperature was maintained at 32 degrees with the Artic Sun. Imaging 12 

hours after stroke demonstrated completed infarct with edema, midline shift, and lateral ventricle 

effacement. Hypertonic saline was initiated, and she underwent emergent decompressive 

hemicraniectomy. Balancing the risk of worsening edema and coagulopathy caused by mild 

hypothermia, rewarming was initiated at 0.3 degrees C per hour. At the time of procedure patient was 

at 33.5 . A successful hemicraniectomy was performed without complications. 

six months demonstrated improvement with the patient returning home with modified Rankin 2, and 

cranioplasty performed without complications.  

Conclusions 

During SISCO, an emergency decompressive hemicraniectomy for malignant MCA syndrome was 

performed for a cooled patient without complication or increased bleeding. While therapeutic 

hypothermia has not shown an outcome benefit in previous clinical trials, these trials have had 

limitations rapidly reaching targeted temperature. This may have blunted the therapeutic effect. Using 

ThermaSuit, patients are able to reach target temperature significantly faster. Additional clinical trials 

are needed to determine if the therapeutic window for targeted temperature management in ischemic 

stroke patients improves outcome. 
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Intravenous Thrombolysis in Anticoagulated and Thrombocytopenic Ischemic Stroke Patients 

Nobl Barazangi; Sigrid B Sørensen; Charlene Chen; Christine Wong; Alan Yee; Michael Ke; Billy Gao; 

David Grosvenor; Ann Bedenk; David C. Tong 

CPMC, Neuroscience Service Line, , CA, United States 

 

Introduction 

IV rt-PA guidelines exclude therapeutically anticoagulated or thrombocytopenic patients. These 

exclusion criteria may limit thrombolytic therapy to patients who might benefit. The objective of this 

study is to determine if IV rt-PA is safe and whether it increases neurocritical care resource utilization in 

this patient population. 

Methods 

Retrospective analysis of IV rt-PA treated patients receiving oral anticoagulation (warfarin  (INR >1.7)), 

novel oral anticoagulant (NOAC), therapeutic heparin, low-molecular weight heparin (LMWH), or with 

thrombocytopenia (platelets < 100K). Patients were treated using SMART criteria (consent obtained for 

off label rt-

after treatment. Increased neurocritical care resource utilization was defined as transfer from a primary 

to comprehensive stroke center solely for additional monitoring after off-label IV rt-PA use. 

Results 

77 patients were identified.  35 patients received therapeutic warfarin and one had coagulopathy 

(unclear etiology); mean INR=2.2 (range 1.7-3).  5 received therapeutic IV heparin, 6 full dose (1 mg/kg 

BID) LMWH, and 18 therapeutic NOACs. 12 had thrombocytopenia (mean platelet count 77K). 7 received 

intra-arterial (IA) rt-PA, and 8 thrombectomy. There were 3 sICH (3.9%); for all sICHs there were 

mitigating factors that contributed (undiagnosed malignancy, adjunctive IA rt-PA, incorrect time of 

onset).  Two developed hematoma at the catheter site with no clinical effect. 1 patient was transferred 

for the sole purpose of monitoring post off-label IV rt-PA. 

Conclusions 

These data suggest that IV rt-PA can be safely administered in therapeutically anticoagulated and 

thrombocytopenic patients, and sICH rates were similar to the NINDS cohort. The use of IV rt-PA in these 

patients may increase eligibility for acute stroke therapy, particularly where IA therapy is unavailable. 

-PA in such patients does not appear to increase neurocritical care resource 

utilization though further study with a larger population is warranted. 
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The Association Between Proteinuria and Ddevelopment of Malignant Middle Cerebral Artery 

Infarction 

Meng-Ni Wu; Li-Min Liou 

Department of Neurology, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan 

 

Introduction 

Although proteinuria has been reported as a predictor of neurological deterioration, poor functional 

outcome and in-hospital mortality after ischemic stroke, scarce study investigated the relationship 

between proteinuria and the malignant middle cerebral artery infarction (MMCAI). This study aimed to 

determine whether proteinuria is associated with the development of MMCAI. 

Methods 

Patients with infarction in middle cerebral artery territory were reviewed. On admission, all patients 

underwent brain computed tomography (CT), the assessment of National Institutes of Health Stroke 

Scale (NIHSS) and Alberta stroke program early CT score (ASPECTS), and laboratory surveys, including 

urine analysis by using urine dipstick. Patients with known intracranial lesions or possible urinary tract 

infection were excluded. Patients with proteinuria were defined if urine dipstick demonstrates reading 

of 1+ to 4+, while others were defined as patients without proteinuria. Chronic kidney disease (CKD) was 

defined if either proteinuria or estimated glome

identified. MMCAI was determined if a progressive conscious disturbance or signs of uncal herniation 

were recorded with a midline shift > 5mm on a follow-up brain CT. 

Results 

We screened 1047 patients, and -five (37.2%) patients 

developed MMCAI, and 53 (43.8%) patients had proteinuria. Patients with MMCAI had a significant 

higher score of NIHSS, lower ASPECTS, less likely being dyslipidemia, and more likely having CKD and 

proteinuria than patients without MMCAI did. After adjustment for age, sex, dyslipidemia and ASPECTS, 

patients with proteinuria (OR= 2.658, 95%CI= 1.137 – 6.216, p=0.0241) and CKD (OR = 2.595, 95%CI = 

1.004 – 6.711, p=0.0491) had a signifi

60ml/min/1.73m2 did not. 

Conclusions 

In conclusion, proteinuria is associated with the development of MMCAI. We suggest that proteinuria 

may be considered as a clinical predictor for the development of MMCAI. 
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Outcome of Thrombectomy in Stroke Due to Infective Endocarditis: A Multi-center Case Series 

Elie Sader; Natalie Thom; Mohamad Abdalkader; Thanh Nguyen; Sandra McDonald; David Greer; Stacy 

C. Brown; Alaa Mohamedali; Jose Gutierrez; Hang Shi; Jane Morris; Victor Lopez-Rivera; Sunil Sheth; 

Anna Marisa Cervantes-Arslanian 

Boston University Medical Center, Boston, MA, United States 

 

Introduction 

Although tPA has been shown to improve outcome in ischemic stroke across various etiologies, tPA is 

contraindicated in stroke secondary to septic emboli due to a significantly higher risk of bleeding. The 

goal of this study is to determine the safety and short-term outcomes of acute ischemic stroke patients 

who underwent mechanical thrombectomy due to septic emboli from infective endocarditis (IE). 

Methods 

In this multi-center retrospective case series, we reached out to 48 thrombectomy centers known to our 

principal investigator. We have so far collected data from 5 hospitals across the US to look at outcomes 

after thrombectomy in patients who had an ischemic stroke from infective endocarditis. 8 centers 

reviewed their database and did not have eligible cases. 

Results 

To date, we have collected a total of 10 cases (90% male; average age 53; 40% had a known history of 

IVDU). In 50% the valve implicated was bioprosthetic. 80% of the occlusions were M1, with the 

remaining being the carotid terminus (10%) and M2 (10%). Microbiology revealed that 30% were caused 

by streptococcus, 30% staphylococcus, 30% enterococcus, and 10% were polymicrobial. The average 

NIHSS on presentation was 19.8. 60% had received tPA prior to the thrombectomy (of those, 1/3 were 

known to have IE). The average best NIHSS after thrombectomy was 8.7 (averaged across 9 cases, the 

other case expired from new cardiomyopathy and multi-organ failure). 60% had hemorrhagic 

transformation (of those, 2/3 were tPA recipients). 

Conclusions 

Thrombectomy may be a safer and promising option in patients with ischemic stroke secondary to 

infective endocarditis. More data is required to compare the outcome of patients who received 

thrombectomy alone versus tPA followed by thrombectomy, and data collection is ongoing. 
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Dynamics of CT Attenuation in Malignant Infarction During Therapeutic Hypothermia 

Han-Gil Jeong; Seung-Bin Kim; Sang-Won Han; Young-Joo Song; Suk-yoon Lee; Seong-Hwa Jang; Jae 

Seung Bang; Moon-Ku Han 

Critical Care Medicine, Neurology and Neurosurgery, Seoul National University Bundang Hospital, 

Seongnam, Republic of Korea 

 

Introduction 

Therapeutic hypothermia may be an effective therapeutic measure for malignant cerebral infarction 

alternative to or in combination with decompressive craniectomy. The neuroimaging marker that 

suggests the favorable clinical course during therapeutic hypothermia is needed to predict the outcome 

and/or determine best and earliest timing to rewarm the patients. 

Methods 

We included 21 cases who received therapeutic hypothermia for malignant middle cerebral infarction in 

Seoul National University Bundang Hospital between July 2017 and May 2019. We measured Hounsfield 

unit of ischemic core in serial computed tomography scans in each patient. The nadir of Hounsfield unit 

of each patient was calculated. The difference of the nadir by the early clinical outcome (the survival at 

discharge) was analyzed. 

Results 

The mean age was 71.6 ± 14.9 and the male comprised 61.9% (n=13). Three patients underwent early 

decompressive craniectomy plus therapeutic hypothermia and 18 patients received only therapeutic 

hypothermia. The mean target temperature was 34.1 ± 0.8 . A total of 14 patients (66.6%) survived at 

discharge. A total of 125 computed tomography scans were analyzed (about 6 scans per patient). The 

mean of the nadir Hounsfield unit of each patient was 19.3 ± 2.9 in the deceased patients and 16.1 ± 2.8 

in the survived patients, and the difference was statistically significant (P-value = 0.034) 

Conclusions 

The nadir of Hounsfield unit in the ischemic core was lower in the survived group than the deceased 

group in malignant ischemic stroke patients who received therapeutic hypothermia. The change in 

Hounsfield unit in serial computed tomography scan may be used to estimate clinical course and optimal 

timing of rewarming or rescue craniectomy after therapeutic hypothermia. The volumetric analysis using 

semi-automated planimetry is currently being performed to elucidate this association further. 
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Safety and Efficacy of Sonothrombolysis with Tenecteplase for Acute Ischemic Stroke- ‘The TNK-tPA 

Blast’ study 

Sivakumar Mambakkam Rajappa; Shravan Sivakumar 

GLB Hosptals and Acute Stroke Center, Chennai, India 

 

Introduction 

2 MHz Pulsed-wave Transcranial Doppler (TCD) increases the exposure of an intracranial thrombus to 

Tenecteplase (TNK-tPA) and facilitates early reperfusion. The aim of the present study is to ascertain if 

TCD along with TNK-tPA could improve functional outcome in patients treated with TNK-tPA after acute 

ischemic stroke (AIS). 

Methods 

This is a single center, prospective, interventional study. Patients with AIS with National Institutes of 

-tPA bolus) within 3 hours of 

symptom onset, were randomly allocated (1:1) to either 2 MHz pulsed-wave ultrasound for 120 min. 

(Sonothrombolysis)- intervention group or only TNK-tPA group. Ultrasound was delivered using a Mark 

head frame, immediately after the bolus of TNK-tPA. The primary outcome was improvement in the 

modified Rankin Scale score at days 30 and 90. The secondary end points were the occurrence of 

symptomatic intracerebral haemorrhages and death. 

Results 

Between January 2016 and March 2019, 78 patients were randomly allocated to the Sonothrombolysis 

group and 77 patients received only TNK-tPA. At the end of 90 days, the Sonothrombolysis group 

achieved mRS 0-2 in 38/78 (48.70 %) compared to 32/77 (41.55 %) in the TNK-tPA group. The p-value is 

0.02828. The result is significant at p < 0.05. The rate of sICH and mortality were 2.56 % in each group. 

Conclusions 

Sonothrombolysis of patients treated with TNK-tPA for AIS was feasible and safe, with some clinical 

benefits at 90 days. The recanalization rates and outcome are better than studies done with Alteplase. 

There was no increase in sICH or mortality. TNK-tPA should be the preferred drug for thrombolysis in 

AIS. The study should be carried out in multiple centers to see if the results of the present study can be 

validated. 
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Vasoaugmentation Therapy in Acute Ischemic Stroke Using Milrinone, an Initial Series 

Kawther Hadhiah; Hosam Al-Jehani; Faisal Alabbas; Mark Angle; Jeanne Teitilbaum 

 Department of Neurology and Critical Care Medicine

Abdulrah, Khobar, Saudi Arabia 

 

Introduction 

Acute ischemic stroke is the second leading cause of death, especially if the patient did not receive the 

appropriate treatment geared towards a timely recanalization of the occluded vessels, including 

intravenous tissue plasminogen activator (IV t-PA) or endovascular thrombectomy. Little emphasis is 

given to the augmentation of collateral flow to offset the deleterious effect of ischemia or lessen the 

progression of the penumbral tissue into infarction. We present our initial experience with such 

vasoaugmentation strategy in patients with acute ischemic strokes. 

Methods 

We present o

University. Our series included 12 patients with acute ischemic strokes. We excluded patients with a 

large vessel occlusion. All other patients were included regardless of whether they received IV-tPA or 

not. All patients had a CT angiogram including collateral imaging and CT perfusion study at baseline. 

After explaining to the patients or their next-of-kin, we started the patients on a standardized protocol 

of milrinone (50mcg/kg bolus followed by 0.75mcg/kg/minute). Outcome assessment was comparing 

the initial mRS and that of the mRS at discharge. Chi square contingency analysis was used with a set 

level of significance of p < 0.05.  

Results 

Out of the 12 patients, 7 had good collaterals and 5 had poor collaterals. One of those poor collaterals 

patient had good cross flow from Pcom to the affected hemisphere, but still demonstrated poor 

collateral score. In our cohort, 8 (66%) achieved good neurological outcome of mRS of 4 or below with 3 

patients (25%) achieving a discharge mRS of 0. 

Conclusions 

collaterals and small infarction core. The presence of cross flow wasn’t helpful. 
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Severe Symmetric Quadriparesis as a Clinical Symptom of Delayed Cerebral Ischemia in Aneurysmal 

Subarachnoid Hemorrhage: Case Report 

Michael M. Gezalian; Shahed Toossi; Shouri Lahiri 

Cedars Sinai Medical Center, Department of Neurocritical Care, Los Angeles, CA,United States 

 

Introduction 

The symptomatology of delayed cerebral ischemia (DCI) after aneurysmal subarachnoid hemorrhage 

(aSAH) is variable and often challenging to detect, particularly in patients with poor-grade aSAH. We 

report severe symmetric quadriparesis as a previously unreported symptom of DCI. 

Methods 

Data collection via retrospective chart review. 

Results 

A 41-year-

was significant for intact brainstem reflexes and withdrawal in extremities. Initial treatments included 

aminocaproic acid and external ventricular drain insertion, followed by intra-aortic balloon pump 

placement for stress-induced cardiomyopathy. She subsequently underwent coiling of a ruptured left 

anterior choroidal artery aneurysm. On post-bleed day 5, she was noted to have new onset of decreased 

tone and minimal complex posturing to noxious stimulation in all extremities and severe inattention. 

Transcranial Doppler and digital subtraction angiography revealed moderate left greater than right 

middle cerebral artery and bilateral anterior cerebral artery vasospasm and she received balloon 

angioplasty and intra-arterial nicardipine twice. Post intervention, her quadriparesis moderately 

improved but she continued to have decreased tone and delayed movement initiation. On post-bleed 

day 11, brain MRI demonstrated infarcts in bilateral medial frontal lobes, bilateral basal ganglia & sub-

insular cortices. On day of discharge, she was able to spontaneously raise her left arm and legs, but only 

minimally moved her right arm to noxious stimulation.  

Conclusions 

This case report adds severe symmetric quadriparesis to the myriad of possible clinical symptoms of DCI 

after aSAH. Awareness of this uncommon clinical presentation could lead to timely detection and 

management of delayed cerebral ischemia after aSAH and improved clinical outcomes. 
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Predicting MRI Infarct Size Using Contrast Extravasation on Post-Thrombectomy Head CT 

Patrick M. Chen; Kevin Attenhofer; Kunal Agrawal; Dawn Meyer; Brett Meyer 

University of California, San Diego, Department of Neurosciences, Stroke Center, San Diego, CA, United 

States 

 

Introduction 

Brain MRI to determine infarct size is common in acute stroke management. Many patients cannot 

undergo MRI imaging due to instability, or imaging contraindications.  A common CT head finding post-

thrombectomy is contrast extravasation, thought to be secondary to “leakage” of the blood brain barrier 

due to ischemia.  We hypothesized that extravasation volume on post-thrombectomy CT scan correlates 

with final infarct size. Using CT head as a proxy for final infarct size may help guide clinical decision 

making when MRI scan is not possible. 

Methods 

We retrospectively examined a prospectively collected, IRB approved Stroke Code database from 

1/1/2014 to 7/1/2018. Inclusion criteria included: anterior strokes that underwent thrombectomy, CT 

scan within 12 hours of thrombectomy with contrast extravasation, a MRI within 5 days of the 

thrombectomy. Demographics, diagnosis, imaging findings were extracted via chart review. We used the 

Alberta Stroke Program Early CT Score (ASPECT) score, to approximate the area of contrast 

extravasation (CT) and area of DWI hyper intensity (MRI). Each region of extravasation on CT head was 

deducted from a score of 10, resulting in the “estimated infarct size (EIS)”.  Each region of MRI DWI was 

was calculated. 

Results 

A total of 24 patients of 184 thrombectomy cases (13%) had contrast extravasation and were included in 

involved) than 

 

Conclusions 

We demonstrated usefulness of ASPECT scoring for comparing infarct volume between CT extravasation 

and final DWI infarct size. Post-thrombectomy contrast extravasation consistently underestimated final 

MRI infarct volume by 30%.  This relationship, if validated, may be useful to approximate MRI stroke 

volume. 
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Predicting Posterior Fossa Stroke in Patients with Dizziness: Establishing a Clinical Scoring Scale 

Stanislav Naydin; Michelle Braslavsky; Krishna Kandregula; Sirisha Thummalapenta; Christina Maxwell; 

Mandy J. Binning 

Drexel University College of Medicine, Philadelphia, PA, United States 

 

Introduction 

Dizziness is a vaguely-defined complaint involving the subjective experience of lightheadedness, 

disequilibrium, and room-spinning sensation. It is a frequently encountered problem in office visits and 

in the acute care setting, with approximately 2.5 million presentations to the emergency department 

annually. The differential diagnosis is broad, ranging from benign and of peripheral origin, to time-

sensitive and potentially fatal of central origin, including ischemic or hemorrhagic stroke and MS.   It is 

estimated 10-40% of patients with dizziness receive stroke diagnoses  . Despite the low percentage, 

diagnosis of posterior stroke is the one most feared to be missed by clinicians. We hope to establish a 

clinical scoring system for timely triage of presentation with dizziness. 

Methods 

We retrospectively reviewed charts of patients admitted at Hahnemann University Hospital between 

2016 and 2018, following IRB approved protocol. Charts were chosen with primary inpatient admitting 

diagnosis: cerebral infarction due to thrombosis of basilar artery, dizziness and giddiness, and cerebral 

infarction due to embolism of post cerebral artery for a total of 176 charts. Patient charts were reviewed 

to identify predisposing factors, 15 data points for each patient. 

Results 

Of 176 patients reviewed, 15 were found to have infarctions involving the posterior circulation, 8.5% 

diagnostic yield for stroke. We collected a total of 6336 data points to understand the disease process. 

Predisposing factors identified were chronic kidney disease, diabetes, hypertension, and hyperlipidemia. 

Surprisingly, previous stroke was not found to predispose to posterior fossa strokes. Common exam 

findings on presentation were hemiparesis and hemisensory loss. Statistical analysis is currently in 

process 

Conclusions 

We discuss our results in the context of previous efforts aimed at developing clinical predictors for 

posterior fossa stroke in patients presenting with dizziness. 
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HIR (Hypoperfusion Intensity Ratio) as Predictor of Malignant Cerebral Edema 

Karan Tarasaria; Karan Topiwala; Amre Nouh; Mubashir Pervez 

University of Connecticut, Department of Neurology, , United States 

 

Introduction 

High HIR (Hypoperfusion Intensity Ratio) is known to correlate with core size, infarct growth and worse 

clinical outcomes. Traditionally larger infarcts have been associated with higher rates of malignant 

cerebral edema and need for decompressive hemicraniectomy. Patients with High HIR and malignant 

profile (Tmax >10s greater than 50% of penumbra) are associated with increased risk of malignant 

cerebral edema. 

Methods 

As part of an ongoing study, we retrospectively identified all AIS patients with LVO who underwent CTP 

imaging between January 2018 to June 2018 in our healthcare system within 24 hours from symptom 

imaging studies (CT or MRI) were analyzed. HIR was dichotomized based on proportion of greater and 

less than 0.5 into malignant vs favorable profile and correlation for development of malignant cerebral 

edema and need for hemicraniectomy was analyzed using chi-square test of proportion for nominal 

variables and Wilcoxon Ranked Sum tests for the (skewed) continuous and ordinal variables. 

Results 

A total of 62 patients with LVO were identified with a median age of 78 (IQR 62-87), NIHSS of 16 (IQR 11-

21). Patients with high HIR suggestive of a malignant profile (n=23), regardless of reperfusion, were 

associated with increased risk of malignant cerebral edema compared to those with a favorable profile 

(n=39) (p<0.0007). 9 Patients with malignant HIR developed malignant cerebral edema compared to 2 

patients with favorable HIR (RR=7.63, OR=11.89). 1 patient with malignant HIR underwent 

decompressive hemicraniectomy compared to none with favorable HIR. 

Conclusions 

Higher HIR and malignant profile, regardless of reperfusion, is associated with 7 times increased relative 

risk of development of malignant cerebral edema. These patients benefit from close monitoring and 

aggressive care for malignant cerebral edema including osmolar therapy and potential surgical 

intervention. 
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Successful Stenting of a Basilar Dissection in an Ehler’s Danlos Patient 

Klepper Alfredo Garcia; Elisabeth Klouda; Dan-Victor Giurgiutiu; Manan Shah; Klepper Alfredo Garcia 

Augusta University - Department of Neurology / Neurocritical Care Division, Augusta, GA, United States 

 

Introduction 

We present the case of a patient with basilar artery dissection with thrombus, who underwent 

successful mechanical thrombectomy with stenting and was ambulatory at discharge. 

Methods 

Patient is an 85-year-old female with past medical history of Ehler’s Danlos Disease who presented with 

left sided weakness after being found down by her family. 

Results 

NIHSS on arrival was 14 (left sided weakness 1/5), BP 173/86, glucose 184. Her CTA showed a basilar 

angiography was notable for a basilar dissection with reocclusion, which was treated with Enterprise 

stent placement with TICI3 reperfusion. MRI post intervention revealed right pontine infarct, punctate 

infarcts in cerebellum. Her exam at discharge was notable for improvement in her left sided strength, at 

4/5. She was subsequently discharged to inpatient rehabilitation. 

Conclusions 

Mechanical thrombectomy and stenting of the basilar artery remains a largely experimental procedure, 

with few guidelines and little data on outcomes. We present a case of a patient with a basilar dissection 

who at discharge was ambulatory and near baseline. 
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Prior Antithrombotic Use is Significantly Associated with Decreased Blood Viscosity within 24 Hours of 

Symptom Onset in Patients with Acute Ischemic Stroke 

Sang Won Han; Jae Hyeon Park 

Department of Neurology, Sanggye Paik Hospital, Inje University College of Medicine, Seoul, Republic of 

Korea 

 

Introduction 

Blood viscosity (BV) is the intrinsic resistance of blood to flow and characterizes blood stickiness. Several 

clinical and epidemiologic studies demonstrated an association between BV and the occurrence of major 

thromboembolic events. Though BV appears significantly higher in cases of lacunar or cardioembolic 

strokes, relationships with demographic and laboratory findings during the acute stage of ischemic 

stroke are unknown. We investigated the relationship between baseline characteristics and BV within 24 

hours of symptom onset in patients with acute ischemic stroke. 

Methods 

We enrolled patients aged 40 years or older with documented histories of ischemic stroke or transient 

ischemic attack within 24 hours of symptom onset. A scanning capillary-tube viscometer (SCTV) 

(Hemovister, Pharmode Inc., Seoul, Korea) was used to assess the whole blood viscosity (WBV). 

Results 

The mean age was 69.6±12.03 years and 44.4% were female. Of 189 patients, 68.3% had a history of 

hypertension; 27%, diabetes; 42.9%, hypercholesterolemia; 3.7%, coronary artery disease; and 18%, 

stroke. Additionally, 40.7% were current smokers. Sixty-one (32.3%) patients were taking 

antithrombotics regularly. Multiple linear regression analysis revealed that hematocrit was positively 

related with increased BV and prior antithrombotic use was related with decreased BV. Hematocrit-

adjusted partial correlation demonstrated that prior antithrombotic use was significantly associated 

with decreased BV. 

Conclusions 

Prior antithrombotic use is significantly associated with decreased blood viscosity within 24 hours of 

symptom onset in patients with acute ischemic stroke. Our findings indicate that antithrombotic 

medications prevent stroke by inhibiting platelet function and by changing the hemorheological profile. 
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Prevalence and Epidemiological Analysis of Stroke Mimics in a Stroke Unit 

Joao Felipe Santos Tatsch; Ivy Liger Riso; Julio Cesar Pinto de Souza Junior; Anielle Melina Florencio; 

Patrick de Aguiar Neres; Daniel Thomas Pereira Lopes; Mazzory Propocio Simpricio; Fernanda de Freitas 

Ferreira; Pablo Nascimento Oliveira; Michel Ferreira Machado; Maria Sheila Guimaraes Rocha; Luiz 

Dalfior Junior 

Hospital Santa Marcelina, Neurology Department, Sao Paulo, Brazil 

 

Introduction 

Ischemic stroke accounts for 80% of stroke and is the second cause of death in Brazil. The decision 

regarding thrombolytic treatment depends on clinical history, physical examination, and imaging. One 

challenge is the exclusion of situations called Stroke Mimics (SM). 

Methods 

A total of 132 patients admitted to the stroke unit were prospectively analyzed. They received a full 

clinical and laboratory evaluation for the diagnosis of stroke and aiming to rule out the SM possibility. 

The study looked up for stroke etiology, demographical and epidemiological data, stroke-specific scales, 

 

Results 

A cross-sectional analysis included 132 patients, where 70 were female (53.03%), with a median age 

66.5 y/o (56-74). The median NIHSS was 8 (4-16), 58.3% presented ASPECTS equal to 10. Most patients 

-2 (87.12%). Twenty-four patients (18.18%) presented initial suspicion of 

relationship with SM (p=0.025). After univariate analysis, the variables that showed a significant 

relationship with the suspicion of SM were the absence of facial paralysis (p=0.022) and seizures on 

admission (p=0.001). Multivariable logistic regression showed that the absence of facial paralysis 

(OR=4.57, p=0.004, 95% CI=1.60-13.03), seizures on admission (OR=11.02, p=0.001, 95% CI=2.82-43.03) 

and blood pressure at admission lower than 150 mmHg (OR=0.30, p=0.027, 95% CI=0.10-0.87) better 

predicted SM. Twenty-five patients received thrombolytic therapy (18.94%) from which just two had SM 

diagnosis, accounting for 10.52%, where authors reported 14.5% of thrombolysis in SM. 

Conclusions 

sis, the occurrence 

of seizures and blood pressure lower than 150 mmHg at admission as variables of interest. The 

prevalence of SM and the use of thrombolytic therapy in this situation was concordant with medical 

literature. 
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Validation of a Weight-Based Nomogram for the Use of Intravenous Heparin in Acute Ischemic Stroke 

Kent A. Owusu; Christoph Stretz; Abdalla A. Ammar; Nils Petersen 

Yale New Haven Health System, New Haven, CT, United States  

 

Introduction 

The risk associated with anticoagulation in acute ischemic stroke (AIS) is uncertain. Anticoagulation is 

generally not indicated for early secondary stroke prevention, but may be considered in certain 

conditions. We assessed the use of a weight-based institution-specific heparin nomogram in AIS 

patients. 

Methods 

-New Haven Hospital who 

received anticoagulation with a continuous heparin infusion in the setting of AIS over a 12-month 

period. Anticoagulation was initiated with an initial infusion rate of 10 units/kg/hr without bolus, with 

subsequent increases in the infusion rate by 1 unit/kg/hr, based on aPTTs obtained every six hours until 

two subsequent aPTTs were within goal range. We collected indication for anticoagulation, dose at 

therapeutic aPTT, time to target aPTT duration of anticoagulation, transition to oral anticoagulant 

therapy, cerebrovascular/cardiovascular events and major and minor bleeding complications. 

Results 

61 patients were included in analysis, 52% of which were male, with a mean age of 60 ± 17 years and an 

average weight of 82.96 ± 17.82 kg. Indications for AC were: intracardiac thrombus (31%), (sub)occlusive 

intra-arterial thrombus (35%), arterial dissection (18%), thromboembolic events and hypercoagulability 

(16%). The median time between diagnosis of stroke and initiation of anticoagulation was 53 hrs 21 

mins. The time to goal aPTT was 44 ± 5.5 hours with a mean infusion rate of 14 units/kg/hr at time of 

goal aPTT. 60% of patients were transitioned to an oral anticoagulant and 3% of patients experienced a 

cerebrovascular event while on heparin infusion. 

Conclusions 

Our institution-specific heparin nomogram provides a safe anticoagulation strategy in AIS, but with a 

longer time to reach therapeutic goal aPTT range compared to previously published data. A more 

aggressive titration strategy with consideration of a higher infusion start rate may facilitate reaching the 

target aPTT within a shorter time frame. 
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Two Cases of Spontaneous Bilateral Vertebral Artery Dissection 

Hee-Jung Song; Sooyoung Kim; Hakyeu An; Heejin Chang; 

Department of Neurology, College of Medicine and Hospital, Chungnam National University, Daejeon, 

South Korea 

 

Introduction 

Vertebral artery dissection (VAD) is one of the most common identifiable causes of ischemic stroke in 

young age patients forming intramural hematoma. VAD may occur spontaneously or secondarily to 

trauma, infection, or underlying arteriopathy. We report 2 cases of spontaneous bilateral VAD 

presenting with lateral medullary infarction 

Methods 

A 51-year-old woman transferred to the emergency room with vertigo. 5 days ago, she felt severe 

headache on the left temporal area. 

Results 

On neurologic examination, ptosis, facial hypesthesia, dysmetria on the left side were noted, and 

dysarthria, dysphagia, right beating nystagmus were noted also. She had no past medical history and no 

familial history of stroke or cephalo-cervical trauma. Brain MRI depicted acute infarction in left lateral 

medulla and dissecting aneurysm of right VA and near occlusion of left VA on carotid enhanced MRA. 

disease was normal. She was treated with warfarin. A 43-year-old man visited to the emergency room 

with headache on the right occiput. On neurologic examination, ptosis, miosis, facial hypesthesia, 

dysmetria on the left side and hemibody hypesthesia on the right side were noted. He had no trauma 

history or risk factors for stroke except hypertension. Brain MRI depicted acute infarction in right lateral 

medulla and dissecting aneurysm in the bilateral vertebral arteries on carotid enhanced MRA. 

Laboratory tests showed no abnormal findings. All results were normal for young age stroke evaluation. 

He was treated with warfarin. 

Conclusions 

Although unilateral or bilateral VAD due to trauma or underlying medical conditions has been reported, 

spontaneous bilateral VAD is rare. It can present with lateral medullary syndrome or nonspecific 

symptoms such as headache only. Physicians should include VAD in the differential diagnosis for 

patients presenting with brainstem neurologic abnormality or headache, especially young patients. 
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Transcranial Doppler Emboli Monitoring has Potential in Evaluation and Management of 

Cerebrovascular Events in Infective Endocarditis 

Glenn Huang; Jonathan Gomez; James Peacock; Kyle Davis; Charles Tegeler; Aarti Sarwal 

Internal Medicine, Winston-Salem, NC, United States 

 

Introduction 

Cerebrovascular complications (CVCs) occur in 20-55% of patients with infective endocarditis (IE) and 

manifest as ischemic stroke, meningitis or cerebritis with 75% occurring during first 2 weeks of 

treatment.  CT or MRI brain can diagnose CVCs but are insensitive early on, precluded in critically ill 

patients and only demonstrate the sequelae. Transcranial Doppler (TCD) can identify high-intensity 

transient signals (HITS) associated with cerebral microembolization and may have a role in detecting 

emboli and preventing CVCs in IE. 

Methods 

Retrospective chart review and literature review. 

Results 

We found 89 patients with strokes caused by IE at our institution from 12/2011 to 4/2018. TCDs were 

obtained on 26 patients, 16 abnormal for cerebrovascular abnormalities. Only 4 patients had 30 minute 

emboli monitoring performed of which one revealed HITS. Though MRI studies have shown microemboli 

in 82% of IE patients (Duval Ann Intern Med 2010), we only found 3 studies using HITS on TCDs as 

indicators of stroke risk in IE. In a prospective study of 30 patients with left-sided IE, CVCs occurred in 

83% of patients with HITS on TCDs versus 33% of patients who did not (p=0.021) ( Lepur Scand J Infect 

Dis 2009). Two studies investigated 100 and 300 patients with cardiac sources of embolism and 

documented occurrence of HITS in 36% and 23% of subjects, respectively, with highest prevalence of 

HITS in patients with IE (Sliwka Stroke 1997, Georgiadis Stroke 1997). 

Conclusions 

Detection of HITS using TCD emboli monitoring has a potential to be an important tool for identifying 

cases of IE at highest risk for CVCs, especially in the early stages of antimicrobial therapy. This can aid 

further research into preventative interventions beyond antibiotics like earlier valvular surgery or 

vacuum assisted vegetation extraction. 
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Therapeutic Hypothermia for Malignant Hemispheric Infarction: An Exceptionally Successful Case 

without Craniectomy 

Sang-Won Han; Han-Gil Jeong; Young-Joo Song; Suk-yoon Lee; Seong-Hwa Jang; Seung-Bin Kim; Moon-

Ku Han 

Departments of Neurology, Seoul National University Bundang Hospital, Seongnam, Republic of Korea 

 

Introduction 

Therapeutic hypothermia is considered as an effective therapy to reduce cerebral edema and 

intracranial pressure for malignant middle cerebral artery infarction, which can be used as a life-saving 

treatment alternative to or combined with decompressive craniectomy. However, malignant 

hemispheric infarction involving whole anterior, middle and posterior cerebral artery territory has been 

regarded as untreatable by any measures. 

Methods 

A retrospective review of patient’s clinical data. 

Results 

A 68-year-old man who had had right ventriculoperitoneal shunt for hydrocephalus since several years 

ago presented with global aphasia and right hemiplegia in May 2018. The brain magnetic resonance 

imaging showed large acute infarction involving whole left hemisphere including anterior, middle and 

posterior cerebral arterial territory by occlusion of distal internal carotid artery. As his family refused 

decompressive hemicraniectomy, therapeutic hypothermia using surface-cooling method (Arctic Sun® 

5000) was initiated with a target temperature of 33.5 . The maximal midline shift on brain CT was 

approximately 15mm, five days after stroke onset, which led to foramen of Monro obstruction and 

hydrocephalus in the lateral ventricle of the opposite side. Since the hydrocephalus was controlled by 

draining of the cerebrospinal fluid into the ventriculoperitoneal shunt, the right hemisphere was saved 

and brain edema combined with midline shift gradually improved. The patient finally survived and was 

discharged. 

Conclusions 

This case may be the first that therapeutic hypothermia successfully treated large hemispheric infarction 

involving 3 cerebral arteries without decompressive craniectomy. Since the mass effect in our case was 

much larger than that of malignant middle cerebral infarction, we extended the duration of therapeutic 

hypothermia (33.5 ) to 7 days, which prevented herniation syndrome. Another interesting point is that 

we could manage contralateral hydrocephalus caused by extensive midline shift, heralding a fatal clinical 

course in malignant ischemic stroke, using the preexisting ventriculoperitoneal shunt. 
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IV Thrombolysis in a Patient with Ischemic Stroke and Undiagnosed AVM 

Danuel K. Snelgrove; E. Megan Callan; Charles M. AndrewsMedical University of South Carolina, 

Department of Neurosurgery, Charleston, SC, United States  

 

Introduction 

Current AHA / ASA stroke guidelines list arteriovenous malformation (AVM) as a contraindication for 

intravenous alteplase (IV tPA) in ischemic stroke. While the associated risk of spontaneous intracerebral 

hemorrhage varies across the differing types of intracranial vasculature malformations, very little data 

or case reports exist regarding the risk of hemorrhage with intravenous thrombolytics for ischemic 

stroke in patients with vascular malformations. 

Methods 

Data was reviewed from electronic medical records for this case report 

Results 

A 65-year-old male with history of cirrhosis and known atrial fibrillation (not on anticoagulation) 

presented with acute onset left facial droop and left hemiplegia, NIHSS 9. Onset of symptoms were 

within the 4.5 hour window for IV tPA. A CT head demonstrated an ASPECTS score of 10. IV tPA was thus 

initiated. CTA of the head and neck revealed a right middle cerebral artery occlusion. Additionally, there 

was a subtle tortuosity of blood vessels within the dural surface of the right temporal lobe, suggestive of 

possible AVM. Given the stroke severity, tPA was continued and successful recanalization was 

completed by thrombectomy of the right M2 occlusion by aspiration, with confirmation of a dural based 

AVM. The patient did well, with no complications from tPA or thrombectomy and was discharged home 

with an NIHSS 2. 

Conclusions 

The decision to administer IV tPA in patients with symptoms of acute ischemic stroke is determined by 

last known well time and a non-contrasted CT. Vessel imaging should not delay administration of IV tPA 

as incidental findings may arise which may cloud the use of IV tPA in patients who otherwise may 

benefit from therapy. This case provides further insight that IV tPA in those with intracranial vascular 

malformations may be given safely with minimally increased risk. 
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Comparative Analysis of the Intrinsic Properties of a Stroke Mimics Prediction Score 

Luiz Dalfior Junior; Joao Felipe Santos Tatsch; Ivy Liger Riso; Julio Cesar Pinto de Souza Junior; Anielle 

Melina Florencio; Patrick de Aguiar Neres; Daniel Thomas Pereira Lopes; Mazzory Propocio Simpricio; 

Fernanda de Freitas Ferreira; Pablo Nascimento Oliveira; Michel Ferreira Machado; Maria Sheila 

Guimaraes Rocha; 

Hospital Santa Marcelina, Neurology Department, Sao Paulo, Brazil 

 

Introduction 

The prevalence of Stroke Mimics (SM) can reach 30% of presumable stroke, according to some authors. 

Its presentation 

can predict the diagnosis of SM with a sensitivity and specificity of 90% and 91%, respectively. This study 

aimed to comparatively evaluate these data in a population hospitalized in a Stroke Unit. 

Methods 

The study prospectively analyzed a total of 132 patients admitted according to the suspicion of SM, the 

definitive diagnosis, etiology, demographic and epidemiological data, specific scales for stroke including 

features and its sensitivity and specificity in a specific population. 

Results 

A cross-sectional analysis comprised 132 (53.1% female) patients, median age 66.5 years (56-74). The 

median NIHSS was 8 (4- -2 in 87.1% of 

patients. Twenty-four patients (18.2%) presented with initial suspicion of SM, which was confirmed in 19 

(14.4%). After univariate analysis on 

were statistically significant (p = 0.022 and p = 0.001, respectively). The multivariate logistic regression 

showed that the absence of facial paralysis (OR=4.57, p=0.004, 95% CI=1.60-13.03), seizure convulsion 

on admission (OR=11.02, p=0.001, 95% CI=2.82-43.03) and blood pressure at admission lower than 150 

mmHg (OR=0.30, p=0.027, 95% CI=0.10-

specificity of 63.16% and 60.18% respectively, with an area under the curve of 0.682 (SE=0.0675, 95% 

CI=0.55-  

Conclusions 

sensitivity and 

specificity, probably secondary to selection bias. These data are inferior to the literature but better 

adapted to this study population. 
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Bubbles Without a Bubble Study: Cerebral Air Embolus Following Ablation for Atrial Fibrillation 

Eleni Antzoulatos; Aimee Aysenne; Olga Gomez Seigert 

Tulane University School of Medicine, Department of Neurology, New Orleans, LA, United States 

 

Introduction 

Atrio- ing ablation for atrial 

 

Methods 

Information collected from chart review and direct patient care. 

Results 

A 51 year- presented with pre-syncope, abdominal pain, and 

malaise. He was febrile and tachycardic, and subsequently admitted for sepsis.  Shortly thereafter, he 

experienced transient diaphoresis, expressive aphasia and right-sided weakness.  MRI brain showed 

punctate ischemic cerebellar infarcts.  There was high suspicion for embolic phenomena from sepsis or 

He acutely decompensated to complete non-responsiveness during the echocardiogram. CT brain 

showed diffuse air emboli in cerebral vasculature and subarachnoid air. He was placed in the left lateral 

decubitus position and managed with high concentration oxygen. Additionally, his antimicrobials were 

broadened to include fungal coverage.   Thoracic CT revealed free air in the mediastinum between the 

candidate for surgical repair of his left atrium due to hemodynamic instability.  Instead, he underwent 

urgent endoscopic esophageal stent placement.  He then developed a STEMI, also thought to be due to 

air embolus, and went into cardiac arrest with return of spontaneous circulation achieved.  The 

following day, he developed renal failure and coded again.  Autopsy, in addition to massive cerebral 

edema and cardiac ischemia, demonstrated Strep Oralis bacteremia, bilateral adrenal infarcts and acute 

tubular necrosis. 

Conclusions 

is crucial for the ability to coordinate aggressive care.  

Open surgical repair of the left atrium and esophagus offers the best chance of survival, but its use may 

be limited by severe sepsis and hemodynamic instability. 
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Anterior versus Posterior Circulation Stroke Outcomes after Mechanical Thrombectomy 

Matthew M. Bower; Candace B. Borders; Mohammad Shafie; Hermelinda Abcede; Jay Shah; Wengui Yu 

UC Irvine Health, Neurology, Orange, CA, United States 

 

Introduction 

The efficacy of mechanical thrombectomy (MT) for acute ischemic stroke (AIS) due to large vessel 

occlusion (LVO) is well established in the anterior circulation (AC). AIS from LVO in the posterior 

circulation (PC) differs from the AC in myriad ways, including presentation and resistance to hypoxia. We 

aim to characterize the differences in risk factors and outcomes of MT for AC vs PC stroke. 

Methods 

Demographic data was collected for cases of AIS undergoing MT from January 2014 to January 2018 

with follow-up imaging and documented functional status at discharge. Operative reports were 

reviewed for procedural data including stroke onset to groin puncture time, number of passes of the 

stent retriever, and onset to recanalization time. Radiology reports of postprocedural non-contrast CT 

images of the head were assessed. 

Results 

During the study period there were 156 eligible patients (131 AC and 25 PC). Atrial fibrillation (36.6% 

and 12.0%, p=0.017) and hyperlipidemia (42.0% and 20.0%, p=0.040) were more common in AC strokes 

while family history of stroke was more common in PC strokes (36.0% and 13.0%, p=0.005). Mortality 

erence in procedural factors or hemorrhagic complications. 

AC stroke but not PC stroke. 

Conclusions 

Our data shows that PC stroke has a higher mortality rate than AC stroke after MT with no difference in 

procedural factors or hemorrhagic complications. The higher mortality rate in patients with PC stroke is 

likely inherent to severe disability from basilar artery occlusion rather than recanalization therapy. The 

data also support worse functional outcome in AC strokes with increasing age and number of passes. 
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Accelerated Mineralization as a Mimic of Hemorrhagic Conversion 

Collin Herman; Shivani Ghoshal 

er, Department of Neurology, Winston Salem, NC, United States 

 

Introduction 

Calcinosis is a dysregulation of vascular calcium deposition characterized by small vessel calcification 

and secondary fibrosis. The effect of systemic calcinosis on mineralization within the central nervous 

system is underreported and poorly understood. 

Methods 

Data obtained via direct observation and review of medical record. 

Results 

A 65-year old man presented to ICU for possible hemorrhagic transformation of a recent left MCA 

stroke.  His medical history was notable for atrial fibrillation, end-stage renal disease, calciphylaxis on 

warfarin, and parathyroidectomy. His post-stroke hospital course was notable for mildly elevated serum 

phosphorus. The patient started apixaban two weeks post-stroke as anticoagulation for atrial fibrillation, 

and underwent a routine CT head one day later. The scan showed extensive high-density signal along 

the cortex of the recently infarcted left MCA territory, initially misinterpreted as hemorrhagic 

transformation. The signal measured at 80-100 Hounsfield units, higher than expected for acute blood. 

A dual-energy calcium overlap map post-processing revealed the high-density material was consistent 

with acute mineralization, possibly potentiated by the patient’s previous calciphylaxis. This case 

illustrates accelerated mineralization as a mimic of acute hemorrhagic transformation. Dual-energy CT is 

useful for differentiating hemorrhagic transformation from mineralization, and may play a special role in 

patients with renal disease or history of calciphylaxis. 

Conclusions 

This case illustrates accelerated mineralization as a mimic of acute hemorrhagic transformation of 

stroke in a patient with ESRD and history of calciphylaxis. Dual-energy CT can differentiate between 

intraparenchymal hemorrhage and calcification with high accuracy using material decomposition. This 

imaging technique may have an especial benefit in patients with renal disease or disordered 

mineralization. Accelerated mineralization post-stroke may worsen cerebral vessel compliance and risk 

of future stroke, and merits further investigation. 
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Systemic Inflammatory Response Syndrome and Long-Term Outcome after Intracerebral Hemorrhage 

Joji B. Kuramatsu; Manuel Hagen; Jochen A. Sembill; Maximilian I. Sprügel; Stefan T. Gerner; Dominik 

 

Department of Neurology, University Hospital of Erlangen-Nuremberg, Germany 

 

Introduction 

Systemic inflammatory response syndrome (SIRS) without infection is a surrogate of a systemic immune 

response and has been related with poor outcome in several vascular diseases. We investigated 

associations of SIRS with long-term functional outcome and contributing factors after intracerebral 

hemorrhage (ICH). 

Methods 

We analyzed consecutive spontaneous ICH-patients from our prospective cohort-study (2008-2015). 

SIRS was defined according to standard criteria: i.e. two or more of the following parameters during 

hospitalization: body-temperature <36°C or >38°C, respiratory-rate >20 per minute, heart-rate >90 per 

consisted of the modified Rankin-Scale(mRS) at three and twelve months investigated by adjusted 

ordinal shift-analyses. Bias and confounding were addressed by propensity score matching and 

multivariable regression models. 

Results 

Of 780 patients with ICH 21.8% (n=170) developed SIRS during hospitalization. SIRS-patients showed 

more severe ICH compared to without; i.e. larger ICH-volumes (18.3cm³, IQR(4.6-47.2) versus 7.4cm³, 

IQR(2.4-18.6);p<0.01), increased intraventricular hemorrhage (57.6%,n=98/170 versus 

24.8%,n=79/319;p<0.01), and poorer neurological admission status (NIHSS 16, IQR(7-30) versus 6, IQR(3-

12);p<0.01). ICH severity-adjusted analyses revealed an independent association of SIRS with poorer 

functional outcome after three (OR 1.80, 95% CI(1.08-3.00);p=0.025) and twelve months (OR 1.76, 

95%CI(1.04-2.96);p=0.034). Increased ICH-volumes on follow-up-imaging (OR 1.38, 95%CI(1.01-

1.89);p=0.05) and prior liver dysfunction (OR 3.01, 95%CI(1.03-10.19);p=0.04) were associated with SIRS. 

Conclusions 

In ICH patients we identified SIRS to be predictive of poorer long-term functional outcome over the 

entire range of mRS-estimates. Clinically relevant associations with SIRS were documented for prior liver 

dysfunction and hematoma enlargement. 
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Efficacy and Safety Outcomes in FXa-Associated Bleeding Following Trauma: An Annexa-4 Sub-study 

Truman J. Milling; Patrick Yue; Elena Zotova; Juliet Nakamya;  John T. Curnutte; Stuart J. Connolly; 

Andrew M. Demchuk 

Seton Dell Medical School Stroke Institute, Austin, TX, United States 

 

Introduction 

Acute major bleeding secondary to trauma is a significant complication of anticoagulated patients. In 

-threatening in the absence 

of a specific reversal agent. 

Methods 

ANNEXA-4 was a prospective, single-arm, open-label study evaluating the efficacy and safety of 

-primary efficacy endpoints were percent change 

from baseline in anti-

efficacy over the first 12 hours after treatment, as determined by an independent adjudication 

committee. Safety outcomes (including thrombotic events and death) were evaluated over 30 days. 

Results 

Among 352 patients enrolled in the study, 113 (32.1%) had a bleed associated with trauma (99 

intracranial [ICH], 14 non-ICH). Mean age was 80.5 years. Eighty-three patients took apixaban, 25 

rivaroxaban, 4 enoxaparin, and 1 edoxaban. Of the 99 ICH patients, 41 (41.4%) had bleeding in multiple 

compartments. The mean hematoma volume in the 13 trauma patients with single-compartment 

intraparenchymal bleeding was 11.3 cc. Among efficacy-evaluable ICH patients, 58 of 70 (82.9%) had 

excellent or good hemostatic efficacy. The percent reduction in anti-

ICH patients taking apixaban and rivaroxaban, respectively. The 30-day rates of thrombotic events and 

mortality were 9 of 113 (7.9%) and 13 of 113 (11.5%), respectively. 

Conclusions 

high rate of excellent or good hemostatic efficacy, with a relatively low occurrence of thrombotic events. 

These results are comparable to what was observed for ANNEXA-4 patients with spontaneous bleeding 

events, and suggest that andexanet alfa could be a safe and effective treatment in the traumatic 

population. 
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Factor Xa Inhibitors Reversal with Andexanet Alfa versus Four-Factor Prothrombin Complex 

Concentrate in Intracranial Hemorrhage 

Abdalla A. Ammar; Mahmoud A. Ammar; Elayna Kirsch; Kent A. Owusu; Stacy C. Brown; Firas Kaddouh; 

Aladine A. Elsamadicy; Kevin N. Sheth; Guido J. Falcone 

Yale-New Haven Hospital, New Haven, CT, United States 

 

Introduction 

-factor prothrombin complex concentrates 

-related ICH. 

Methods 

Adult patients (18 years or older) admitted to Yale- -related ICH who 

evaluated at approximately 6 hours after the baseline CT scan. Secondary outcomes included mortality 

and modified Rankin Score (mRS) at hospital discharge. Chi-square test and multivariable logistic 

regression analysis were used for unadjusted and adjusted analyses, respectively. 

Results 

Twenty- -related ICH were included in the s

13 patients received AA). Majority of the patients were anticoagulated for atrial fibrillation (n=23, 79%). 

group (unadju

patients (77%) in AA group (unadjusted p=0.63). There was no difference in mRS at discharge, 6 patients 

-3 compared to 5 patients (38%) in AA group (unadjusted 

p= 0.96). Multivariable analyses adjusted for age, sex, race, and baseline mRS confirmed the absence of 

these associations (all p>0.20). 

Conclusions 

In our limited sample size, there was no significant difference in the degree of hemostasis achieved, all-

validate these results are warranted. 
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Post Procedural Computed Tomography Hyperdensities and Outcomes after Mechanical 

Thrombectomy 

Matthew M. Bower; Candace B. Borders; Shuichi Suzuki; Li-Mei Lin; Kiarash Golshani; Dana Stradling; 

Wengui Yu 

UC Irvine Health, Neurology, Orange, CA, United States 

 

Introduction 

Symptomatic intracranial hemorrhage (sICH) following mechanical thrombectomy (MT) for acute 

ischemic stroke (AIS) due to large vessel occlusion (LVO) is a rare but devastating complication. 

However, it is difficult to differentiate sICH from contrast extravasation on early post-procedural 

computed tomography (CT). We aim to evaluate the rate of sICH and whether the presence of 

hyperdensities (HD) on post-procedural CT predicts functional outcome after MT. 

Methods 

Demographic data was collected for cases of AIS undergoing MT from January 2014 to January 2018 

with available follow-up imaging and documented functional status at discharge. Operative reports were 

reviewed for procedural data and radiology reports of CT head performed immediately, and 24-36 hours 

post-MT were assessed. 

Results 

Of the 135 patients studied, 60 (44.4%, 60/135) had HD on immediate postoperative CT and 35 (25.9%, 

35/135) were contrast extravasation (CE) due to resolution of HD on CT at 24-

patients developed new HD on follow-up CT, resulting in a total of 39 patients (28.9%) having ICH and 8 

(5.9%) having sICH. In subgroup analysis, cardiac comorbidities were more common in CE patients than 

ICH patients (51.4% and 23.1%, p=0.016) with no mortality or outcome differences. Diabetes mellitus 

(DM) was more common in sICH patients than those with CE and asymptomatic ICH (75.0% and 30.3%, 

p=0.015). The mortality rate of sICH patients was higher (75% vs 9.1%) and the survivors had worse 

discharge NIHSS than pat

difference in procedural factors or preference for circulation between any groups. 

Conclusions 

Our data show that presence of HD on immediate postoperative head CT does not predict mortality and 

is not related to circulation or procedural factors. sICH is more common in patients with DM and 

associated with higher mortality rate and poor functional outcome. 
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4F- o Anticoagulant-

Hematoma Expansion and Outcomes 

Dana Klavansky; Amanda Lin; Richard Temes 

Northwell Health - North Shore University Hospital - Neurology/Neurosurgery, Manhasset, NY, United 

States 

 

Introduction 

- -PCC) is indicated for urgent reversal of VKA-

-

oral anticoagulant (DOAC)- atoma (tSDH). The purpose of this study is 

-PCC in the prevention of hematoma expansion (HE) in tSDH and its impact 

 

Methods 

Consecutive patients admitted to the health system with tSD -PCC between May 2017 

and April 2019 were analyzed. Baseline demographics and outcomes were abstracted through 

-up 

CT. tSDH volume was calculated using the ABC/2 method. Descriptive statistics were used to analyze the 

-PCC and its association with outcomes. 

Results 

-PCC for tSDH were analyzed. The median age was 87 [56 to 100], 

-PCC was 27.6 units/kg. Patients with HE had a median 

dose of 24.4 units/kg (14.9 to 52.8) versus 27.7 units/kg (12.6 to 48.4) for patients without HE. HE was 

seen in 48% of patients (Rivaroxaban in 2, Apixaban in 13). Among patients with HE, 27% of patients 

died or went to a skilled nursing facility vs 19% in those without HE. Discharge to home or acute rehab 

was lower in those with HE (73%) versus those without HE (81%) 

Conclusions 

DOAC use was associated with higher rates of hematoma expansion and worse outcomes in patients 

-PCC. Treatments for the reversal of DOAC related tSDH should be investigated 

 

225/341



S226 Neurocrit Care (2019) 31:S1–S341

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 215 

Acute Post-bleed Lymphopenia Associated with Infection and Worse Outcome in Intracerebral 

Hemorrhage 

Jody Manners; Lauren Kaplan; Fang Yu; Yazan Bittar; Sherry H-Y. Chou 

Critical Care Medicine, University of Pittsburgh, Pittsburgh, PA, United States 

 

Introduction 

Intracerebral hemorrhage (ICH) is associated with peripheral immune dysfunction and infection. We aim 

to evaluate peripheral immune responses to ICH and associations with infection and ICH outcome.  

Methods 

100 consecutive spontaneous ICH patients admitted to a tertiary center (12/2013-9/2015) were 

included. Patients with secondary ICH and transition to comfort measures within 24 hours were 

excluded. ICH score, discharge modified Rankin Score (mRS), antibiotics use, acute clinical infections 

including pneumonia, bacteremia, and urinary tract infection were systematically adjudicated using 

modified PANTHERIS criteria. Peripheral immune dysfunction was characterized by lymphopenia and 

lower lymphocyte to neutrophil ratio (LNR). Continuous variables were compared using student’s t or 

Wilcoxon test; univariate associations assessed using Pearson’s or Spearman’s correlation depending on 

distribution. Ordinal logistic regression used to evaluate independent effect of LNR on discharge mRS. 

(JMP Pro 14.0). 

Results 

Cohort had mean age 70 years, 46% female, median ICH score 1 [IQR 1-3] and median discharge mRS of 

4. Thirty-nine patients had suspected clinical infection treated with antibiotics, where only 11 met 

modified PANTHERIS criteria for infection. Lower %lymphocyte (p<0.003) and LNR (p<0.0001) on post-

ICH days 2-3 were associated with worse discharge mRS and higher ICH scores (p’s <0.01).  Lower mean 

LNR on post-ICH days 1-

higher mean LNR on post-ICH days 3-5 (p<0.003).  LNR on post-ICH day 2 is independently associated 

with mRS (p=0.0002) after adjusting for ICH score and sex.  

Conclusions 

Acute post-ICH lymphopenia and reduced LNR are associated with ICH score, infection and worse 

discharge outcome. LNR emerged as independent predictor of ICH outcomes in preliminary analysis.  

determine how acute lymphopenia mediates ICH infection risk and outcome.  
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Clinical Predictors of Prolonged Length of Stay in Intensive Care Unit in Patients with Spontaneous 

Intracerebral Hemorrhage. 

Andrea Loggini; Ali Mansour; Zachary Bulwa. Faten El Ammar; Faddi Saleh Velez; Christopher Kramer; 

Christos Lazaridis; Fernando D. Goldenberg 

University of Chicago Medical Center, Department of Neurology, Chicago, IL, United States 

 

Introduction 

Prolonged length of stay (LOS) in the intensive care unit (ICU) is associated with significant medical 

complications and higher costs in patients with spontaneous intracerebral hemorrhage (ICH). Aim of this 

study is to assess predictors of prolonged ICU LOS in ICH. 

Methods 

We conducted a retrospective analysis of ICH patients admitted to our institution over a seven-year 

period. Demographics, clinical data, and laboratory studies at presentation were recorded. Initial CT 

scans were reviewed to determine location, hematoma volume, and presence of intraventricular 

extension. Surgical interventions, insertion of an external ventricular drain (EVD), and medical 

complications, including infections and deep vein thrombosis/pulmonary embolism (DVT/PE) were 

reviewed. LOS was calculated based on the number of midnights spent in the ICU. Patients spending less 

than 24-hours in the ICU were excluded. 

Results 

130 ICHs were analyzed. The mean age was 61.2 ± 14.1 years and 50.7% were females. Prolonged LOS, 

defined by using the point of change and cumulative sum methodology analysis after normalization of 

the sample, was found to be > 8 days. Intubation at presentation (p<0.01), presence of IVH (p<0.05), 

insertion of EVD (p<0.01), surgical evacuation (p<0.01), chest infections (p<0.0.1) and DVT/PE (p<0.01) 

were associated with prolonged LOS, while location of the hemorrhage, hematoma volume, and ICH 

score at presentation were found not to be significant. 

Conclusions 

This is a preliminary analysis to identify predictors of prolonged ICU-LOS in intracranial hemorrhage. 

Chest infections and DVT/PE were associated with prolonged LOS. Surgical intervention, intubation at 

presentation, and insertion of EVD were also independent predictors. These findings suggest that early 

EVD weaning or shunt placement, and potentially early tracheostomy could help in decreasing the ICU-

LOS in patients with ICH. 
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Timing of Diffusion Weighted Imaging Lesions after Primary Spontaneous Intracerebral Hemorrhage 

Rajeev K. Garg; Mohammad Alberawi; Bichun Ouyang; Sayona John; Mehmet Kocak; Sudeep Bhabad; 

Miral Jhaveri; Thomas Bleck; 

Rush University Medical Center, Department of Neurological Sciences, Chicago, IL, United States 

 

Introduction 

Diffusion weighted imaging (DWI) lesions are found in nearly 50% of patients with acute spontaneous 

intracerebral hemorrhage (sICH). However, the timing of DWI lesions after sICH ictus remains unknown. 

The purpose of this study is to estimate the timing of new DWI lesions after acute primary sICH. By 

establishing a time frame, potential pathophysiologic mechanisms for DWI lesions can be elucidated. 

Methods 

Between September 10, 2011 and January 15, 2017, patients were enrolled in a prospective study 

examining DWI lesions in acute primary sICH. Enrolled subjects received a research brain MRI after 

admission blinded to the clinical teams. During the same admission, select patients received a separate 

brain MRI as part of clinical care. Subjects with 2 scans were identified from the study cohort, and their 

imaging evaluated for DWI lesions. When compared to the first MRI scan, the presence of a new DWI 

lesion on the second MRI scan was defined as a new DWI event. A Kaplan-Meier analysis was performed 

to estimate the time to a new DWI event from the first MRI scan. 

Results 

Among 121 enrolled subjects, 65 (53.7%) had two brain MRIs. Mean age was 56.2 years, 60% were male, 

and 49.2% were African American. The median ICH score was 1 (IQR 1). Median time from sICH onset to 

first MRI was 1.2 days (IQR 1.2). Median time from first MRI to a new DWI event was 4.9 days (95% CI, 

3.0 to 7.8). Median time between the first and second MRI was 2.1 days (IQR 2.6). 

Conclusions 

Our data suggest that new DWI lesions occur 6 days after sICH ictus. Therefore, acute interventions 

during the first 24 hours after sICH admission may not be associated with DWI 

is needed to elucidate potential mechanisms associated with DWI lesions in sICH. 
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Factors Associated with Intracranial Hemorrhage Requiring Neurosurgical Intervention in Pediatric 

Patients with Ventricular Assist Devices 

Elizabeth W. Mayne; Kathleen Ryan; Sharon Chen; Jenna Murray; Hisham Dahmoush; Gerald Grant; 

Allen Ho; Sarah Lee 

Department of Child Neurology, Lucile Packard Children’s Hospital at Stanford University, Stanford, CA, 

United States 

 

Introduction 

Intracranial hemorrhage (ICH) is a common complication in children on ventricular assist device (VAD) 

support, though bleed severity is highly variable. This study examined factors associated with ICH 

requiring neurosurgical intervention in this at-risk population. 

Methods 

Children aged 1 month-18 years old admitted between 2003-2018 with a diagnosis of intraparenchymal 

hemorrhage (IPH) or subdural hemorrhage (SDH) while on VAD support were identified retrospectively 

from an institutional database using ICD-9 and ICD-10 codes, after obtaining IRB approval. Patients 

requiring neurosurgical intervention (NS+) were compared with those who did not (NS-) using Mann-

iables). 

Results 

In total, 23 children met inclusion criteria.  Of those, 4/23 (17.4%) required neurosurgical intervention 

bleeds occurred in 3 patients (2/4 NS+, 1/19 NS-). NS+ patients were older at bleed (mean 11.7 ± 5.6 

years vs 4.8 ± 5.2 years, p = 0.04). All 4 NS+ patients were taking warfarin, versus 2/19 NS- patients 

(p=0.03); none of the NS+ patients had supratherapeutic INR.  Number of antiplatelet agents did not 

differ between groups (1.4 ± 1.3 NS- vs 1.0 ± 0.8 NS+, p = 0.65). Patients received a median of 4 CT scans 

(IQR 3-7) with no significant difference between surgical and nonsurgical groups (p = 0.56). 

Conclusions 

Among our cohort, older children and those on warfarin were more likely to require neurosurgical 

neurosurgical treatment, though results should be interpreted cautiously given small numbers. Patients 

received multiple CT scans, though only a minority ultimately required neurosurgical intervention. 

unnecessary CT scans in this population. 
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Associations Between Pupillary Reactivity and Intracranial Pressure in ICH Patients 
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Huttner 

Department of Neurology, University of Erlangen-Nuremberg, Erlangen, Germany 

 

Introduction 

Elevated intracranial pressure (ICP), usually monitored by invasive ICP-measurements, is associated with 

mortality in intracerebral hemorrhage (ICH). The non-invasive evaluation of pupillary function using 

automated pupillometry is increasingly used in critical-care settings. The association of various pupillary 

parameters assessed by automated pupillometry with ICP is unestablished, specifically the sensitivity 

and specificity during ICP-elevation and the performance of sympathetic versus parasympathetic 

parameters. 

Methods 

We enrolled 8 ICH patients admitted to our neurocritical-care unit who received invasive ICP-

measurement by an external-ventricular-drain (EVD). We monitored parameters of pupillary reactivity 

[i.e. light-reflex latency (Lat; s), constriction and re-dilation velocities (CV, DV; mm/s), and percentage 

change of apertures (per-change; %)] using a portable pupilometer (NeurOptics®) as well as 

corresponding ICP values up to every 30 minutes for the duration of hospital stay. Receiver Operating 

Characteristic (ROC) analysis was performed to investigate associations between changes in pupillary 

reactivity and elevated ICP. Sensitivity and specificity of sympathetic and parasympathetic pupillary 

parameters were analyzed to evaluate associations between pupillary reactivity and ICP-elevation 

 

Results 

In 4 patients (3 women, mean age 71.5±4.2 years), without ICP-elevation and no midline shift upon 

neuroimaging, 170 assessments were compared to 72 assessments in 4 patients (2 women, 52.0±17.2 

years) during ICP-levels >20mmHg and corresponding midline shift. ROC-analyses revealed a significant 

negative association of all assessed pupillary parameters with ICP-elevation. Best discriminative 

thresholds for ICP-elevation were: CV<0.8mm/s, per-change<13%, Lat<0.3s, and DV<0.3mm/s. The 

highest sensitivity and specificity (i.e. 84.5% and 90.6%; p<0.001) for an association with concomitant 

ICP-levels >20 mmHg were found for a combination of the parasympathetic parameters CV<0.8mm/s 

and per-change<13%. 

Conclusions 

Our data suggest an association between non-invasively detected changes in pupillary reactivity and 

elevated ICP. Parameters of parasympathetic pupillary modulation seem most reliable to indicate ICP-

elevation. 
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Hematoma Expansion and Outcomes 

Dana Klavansky; Amanda Lin; Richard Temes 

Northwell Health - North Shore University Hospital - Neurology/Neurosurgery, Manhasset, NY, United 

States 

 

Introduction 

Spontaneous ICH (sICH) remains a deadly complication from the use of direct oral anticoagulants 

-PCC for the reversal of DOAC 

-PCC in the prevention of 

hematoma expansion (HE) in DOAC associated sICH across a large health system. 

Methods 

Consecutive patients who were admit -PCC between 

May 2017 and April 2019 were analyzed. Baseline demographics and outcomes were abstracted through 

retrospective chart review. HE was defined as volume>33% or >12.5mL between baseline and follow-up 

CT. sICH volume was calculated using the ABC/2 method and IVH score. Descriptive statistics were used 

-PCC and its association with outcomes. 

Results 

-PCC for sICH. The median age was 80 (48-95), 72% were Caucasian and 

- -PCC dose of 24.9 

units/kg (15.5-56.4) compared to 20.5 Units/kg (15.7 to 53.4) with HE. HE was seen in 21% of patients 

(Rivaroxaban in 4, Apixaban in 5).  Among patients with HE, 22% of patients died or went to a skilled 

nursing facility vs 26% in those without HE. Discharge to home or acute rehab was similar in both groups 

 

Conclusions 

While rates of mortality and discharge disposition were similar between those with and without HE, 

-PCC. Treatments for the 

reversal of DOAC related sICH should be investigated further. 
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Identification of Prognostic Factors to Facilitate Reduction of ICU Overtriage in Elderly Patients with 

Isolated Mild Traumatic Brain Injury 

Tomas Jacome; Kelsey Cage; Hong-van Nguyen; Danielle Tatum 

Our Lady of the Lake Regional Medical Center - Trauma Specialist Program, Baton Rouge, LA, United 

States 

 

Introduction 

Elderly patients with mild traumatic brain injury (mTBI) are frequently admitted to an intensive care unit 

(ICU), which is potentially both harmful and unnecessary. However, little exists to inform early decision 

making to determine appropriate utilization of ICU care. Here we sought to elucidate factors available 

upon admission to identify geriatric patients who could safely be monitored in a non-ICU setting. 

Methods 

Adults 65+ years admitted with isolated mTBI, defined as  positive radiologic study and Glasgow Coma 

Scale (GCS) 13 – 15,  between January 2011 – December 2016 were identified. Primary outcomes were 

ernight stay, no surgery, no intubation, and 

discharged home) and Glasgow Outcome Scale (GOS). Positive outcome was defined as GOS 4 – 5 and 

 

Results 

A total of 234 patients met criteria. Of these, 27 underwent emergent neurosurgical intervention., 

leaving 207 for analysis. Most presented with GCS 15 (77.8%) and were admitted to ICU (85.5%). Nearly 

point decrease in GCS during hospital stay. Upon discharge, 89.9% were classified GOS 4 – 5. Predictors 

0.007), and no home use of anticoagulant/antiplatelet medication (p = 0.007).  Presence/type of a single 

intracranial hemorrhage (ICH) was not significantly associated with outcome, but presence of bilateral or 

multiple lesions independently predicted poor outcome (p = 0.040). 

Conclusions 

Overtriage of patients to an ICU is costly, resource intensive, and avoidable. Here, we suggest a 

conservative framework to assist the determination of which patients can be safely observed in non-ICU 

population who present with mTBI. 
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Perihematomal Edema Volume is Associated with Hemorrhage Volume and Surface Area, but Not 

Tissue Water Uptake 

Anirudh Sreekrishnan; Karen Li; Pongpat Vorasayan; W. Taylor Kimberly; Matthew B. Bevers 

Department of Neurology, Brigham and Women's Hospital, Boston, MA, United States 

 

Introduction 

Perihematomal edema (PHE) is a known predictor of outcome after intraparenchymal hemorrhage (IPH), 

but factors contributing to edema formation are incompletely understood. Tissue water uptake 

measured using Hounsfield unit density on CT scan has emerged as a predictor of edema in ischemic 

stroke. The aim of this study was to examine this association in IPH, where the theoretical driver for 

edema volume is not anoxic cellular injury, but rather exposure of tissue to blood. 

Methods 

41 IPH patients at Brigham and Women’s Hospital were prospectively enrolled between September 

2017 and March 2019.  PHE and hematoma were identified on CT scans performed at admission and an 

average of 10.5 +/- 4.3 hours later. Hematoma volume, hematoma surface area and PHE volume were 

measured.  Net water uptake (NWU) was calculated as the percent change in PHE Hounsfield unit 

density compared to normal contralateral hemisphere. Associations between variables were examined 

with Pearson correlations and regression analyses. 

Results 

Hematoma volume and surface area at admission were significantly associated with PHE volume on the 

admission scan (r = 0.90, p < 0.001 and r = 0.69, p < 0.001 respectively) and at the follow-up time-point 

(r = 0.86, p < 0.001 and r = 0.84, p < 0.001 respectively).  There was no association between NWU and 

PHE volume at either time-point (r = 0.23, p = 0.14 and r = -0.01, p = 0.99 respectively). In multivariable 

analysis, hematoma volume at admission remained an independent predictor of PHE volume on the 

follow-  

Conclusions 

These results suggest that, unlike in ischemic stroke, PHE volume is not related to water content. Rather, 

hematom

may suggests new avenues to predict edema formation. 
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Between Scylla and Charybdis: Risks Of Therapeutic Anticoagulation After Recent Intracranial 

Hemorrhage 

Thuhien Nguyen; Patrick Crooks; Monisha Sharma; Pratik V. Patel; Claire J. Creutzfeldt; Sarah Wahlster 

University of Washington, Department of Neurology, Seattle, WA, United States 

 

Introduction 

The risk of hematoma expansion (HE) in patients with recent intracranial hemorrhage (ICH) receiving 

therapeutic anticoagulation (AC) is not known. We aim to characterize complication rates and factors 

associated with HE in these patients. 

Methods 

We performed a retrospective cohort study of adult patients at Harborview Medical Center between 

2014-2019, who presented with ICH and were therapeutically anticoagulated within 4 weeks after the 

ICH for a venous thromboembolic event (VTE). We excluded patients with ICH due to hemorrhagic 

conversion of ischemic stroke, venous sinus thrombosis, or an aneurysm consequently secured. We 

assessed the rate of HE, defined as either radiographically proven expansion requiring cessation of AC, 

or death due to HE. T-tests and chi-squared tests were used to analyze factors associated with HE. 

Results 

-94), 20% were female. We 

identified 42% SDH, 30% IPH, and 28% multicompartment ICHs, 70% due to trauma, 14% hypertensive, 

and 16% other etiologies.  Anticoagulation was initiated an average of 10.5 +/- 1.0 days after ICH. 

Overall, 18% developed HE, one third of whom died. Most patients (64%) experienced no complications, 

10% developed minor extracranial bleeding events with AC subsequently resumed. Patients with HE 

were older (61 vs. 52), had higher GCS (12 vs. 9.2), lower hematoma volume (36% vs. 48% > 30 cc), 

larger maximal SDH diameter (13.2 vs 8.31 mm), anticoagulated earlier (8 vs. 10 days), and lower 

maximal PTT (110 vs. 122), although trends were not statistically significant. There was a marginally 

significant association between HE and the presence of hydrocephalus (p<0.07). 

Conclusions 

While AC in patients with acute ICH can be safely tolerated, there is a substantial proportion 

demonstrating HE. Our analysis was limited by the sample size. Larger studies are needed to identify 

clinical and radiographic features associated with complications. 
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Surgery Does Not Improve Outcomes and Prolongs Length of Stay in Spontaneous Intracerebral 

Hemorrhage 

Kareem Elzamly; Bhuvanesh Govind; Angela Burkett; Glenda Torres; Chunyan Cai; Ryan S. Kitagawa; H. 

Alex Choi; Tiffany R. Chang 

University of Texas at Houston, Houston, TX, United States 

 

Introduction 

Intracerebral hemorrhage (ICH) is a disease that is associated with high morbidity and mortality. We 

examined our center’s experience with surgery for ICH and clinical outcomes. 

Methods 

We prospectively enrolled patients with spontaneous ICH from 2009 to 2018. Patients were divided into 

two groups based on whether they received surgical or conservative management. Surgical 

interventions included hemicraniectomy and/or hematoma evacuation. Multivariable regression 

analysis was conducted to compare the clinical outcomes after adjusting for potential confounders.  

Adjusted odds ratio (aOR) or adjusted mean difference (aMD) were reported. 

Results 

We included 442 patients, 83 (19%) had surgery and 359 (81%) did not. Of the surgical group, 32 (39%) 

had hematoma evacuation, 7 (8%) had hemicraniectomy, and 44 (53%) had both. Clinical characteristics 

were comparable in both groups. In the surgical group, NIHSS and glucose were higher and creatinine 

was lower compared with the nonoperative group. Through multivariable analysis, we identified 

independent predictors of surgery in ICH patients including baseline hematoma volume (aOR 1.04, 95% 

CI 1.03-1.05; p=0.001) and enlargement with (aOR 2.81, 95% CI 1.44-

increase in hematoma volume, there was a 4% increase in the odds of having surgical intervention. 

was less likely to have a favorable discharge disposition to home or inpatient rehabilitation (49% vs. 

66%; p=0.01). Surgery was independently associated with longer ICU length of stay (aMD 2.96, 95% CI 

1.38,-4.54; p=0.001) and hospital length of stay (aMD 3.63, 95% CI 0.73-6.54; p=0.01) after controlling 

for potential confounders. 

Conclusions 

In our patient population, baseline hematoma volume and expansion were independent predictors for 

surgery in ICH patients. After controlling for other variables, surgery did not impact ICH outcomes and 

was associated with prolonged ICU and hospital length of stay. 
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Diffuse Cerebral Edema after Moyamoya Disease-Related Intracerebral Hemorrhage 
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Introduction 

Moyamoya disease (MMD), an intracranial vasculopathy characterized by internal carotid artery 

hypoplasia, often presents with intracerebral hemorrhage (ICH) presumably due to rupture of fragile 

collateral vessels. Although MMD-related ICH is generally managed similarly to spontaneous ICH, we 

present a case in which standard management strategies may have led to an unprecedented 

catastrophic outcome. 

Methods 

Case report. 

Results 

A previously healthy 37-year-old female presented to the emergency department with right-sided 

weakness, dysarthria, and headache. She was intubated for airway protection. A head computed 

tomography (CT) demonstrated a large left basal ganglia ICH. CT angiogram revealed diffuse narrowing 

of the entire anterior circulation with robust posterior communicating arteries. Brain magnetic 

resonance imaging (MRI) revealed prominent collateral vessels and sulcal hyperintensities (“ivy sign”) 

consistent with MMD. Given these findings, systolic blood pressure was kept under 140 mmHg for the 

first 24 hours. The following day, the patient’s mental status gradually worsened. Workup including 

repeat head CT, infectious and metabolic panels, as well as electroencephalogram (EEG) were 

unrevealing except for a decreased end-tidal carbon dioxide (CO2). Two days after presentation, the 

patient acutely developed fixed and dilated pupils. EEG concomitantly revealed slowing and attenuation 

of the background. Repeat CT head showed new diffuse cerebral edema with tonsillar herniation. 

Despite hyperosmolar therapy, paralytics, pentobarbital, and cerebrospinal fluid diversion, no 

improvement was noted. Unfortunately, brain MRI revealed multifocal brainstem infarcts with 

superimposed Duret hemorrhages. 

Conclusions 

Herein, we report diffuse cerebral edema as a complication of MMD-related ICH. We hypothesize that 

disruptions of delicate cerebral autoregulatory mechanisms led to extensive hypoxic-ischemic injury. In 

the setting of ICH, aggressive blood pressure management coupled with relative hypocapnia may have 

likely caused vasoconstriction of poorly compliant arteries leading to worsened cerebral blood flow and 

ischemia. Therefore, because of its complex pathophysiology, traditional blood pressure and CO2 

targets should be revisited in MMD-related ICH. 
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York City, NY United States 

 

Introduction 

It is unknown whether admission systolic blood pressure (SBP) differs among etiologies of intracerebral 

hemorrhage (ICH).  Such differences may have implications for blood pressure - lowering strategies after 

ICH. 

Methods 

We compared admission SBP across ICH etiologies among patients in the Cornell AcutE Stroke Academic 

Registry (CAESAR), which has enrolled all adults with non-traumatic ICH at Cornell from 2011 through 

2017. Trained analysts prospectively collected demographics, comorbidities, and admission SBP, defined 

as the first recorded value in the emergency department or upon transfer from another hospital. ICH 

etiology was adjudicated by a panel of board-certified neurologists using the SMASH-U criteria. We used 

ANOVA to compare mean admission SBP among ICH etiologies. After verification of model assumptions, 

multiple linear regression was used to adjust for age, sex, race, and Glasgow Coma Scale (GCS) score. 

Results 

Among 494 ICH patients in CAESAR, admission SBP varied significantly across ICH etiologies, ranging 

from 138 mm Hg in those with structural vascular lesions to 167 mm Hg in those with hypertensive ICH 

(P <0.001).  The overall difference in admission SBP across etiologies remained significant after 

adjustment for age, sex, race, and GCS score (P <0.001 by the Wald test). The mean admission SBP in 

hypertensive ICH cases was 17 mm Hg (95% CI, 11-24 mm Hg) higher than in ICH cases of all other 

etiologies combined. Among patients with a history of hypertension, the mean admission SBP was 12 

mm Hg (95% CI, 5-19 mm Hg) higher in hypertensive ICH than in ICH cases of all other etiologies 

combined. 

Conclusions 

In a single-center ICH registry, admission SBP varied significantly among different ICH etiologies. Our 

results suggest that admission SBP is associated with ICH etiology rather than simply representing a 

physiological reaction to the ICH itself. 
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Introduction 

Incidence of clinical seizures after intracerebral hemorrhage (ICH) has been reported to range from 2.7 

% to 17 %, with the majority occurring at or near onset. In the present study, we investigate incidence of 

clinical seizures in ICH subjects during hospitalization and evaluate whether clinical seizures are 

associated with poor clinical outcomes at discharge. 

Methods 

A retrospective review of consecutive patients with ICH admitted to the Baylor St. Luke’s Medical center 

between January 2008 and December 2012 was conducted. Demographics, admission GCS, admission 

NIHSS, admission mRS, incidence of clinical seizures and clinical outcome at discharge were recorded. 

Associations between the presence or absence of seizures and clinical outcome, measured by the 

Glasgow Outcome scale (GOS), were investigated using a multivariate logistic regression model. 

Results 

604 patients with ICH were included. Clinical seizures were identified in 15 subjects (2.5 %), presenting 

in a median time of 1.5 days post-admission (IQR 2). Outcome was significantly worse for subjects who 

experienced a seizure compared to subjects who remained seizure-free, poor outcome (GOS<4) was 

found on 73.3 % and 47.6 % respectively (OR 6.45, 95 % CI [1.13-36.75]; p=0.035). This increased risk 

was significant after controlling for gender, ethnicity, admission GCS, admission NIHSS, admission mRS 

higher in the seizure group compared to the seizure-free group, 73.3 % vs 46.3 % respectively (OR 6.74, 

95 % CI [1.16-39.2]; p=0.033) After adjusting for mortality and severe vegetative state (GOS 1, 2) there 

was no statistical significant difference between both groups (p=0.9632). 

Conclusions 

Our study shows a significant association between clinical seizures and poor clinical outcome at hospital 

discharge after controlling for admission status and other type of complications; however, the presence 

of clinical seizures did not influence in-hospital rates of mortality. 
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Introduction 

Despite the well-established use of the National Institutes of Health Stroke Scale (NIHSS) score as a 

severity scale for ischemic stroke patients, it is still unclear which score is best for intracerebral 

hemorrhage (ICH) patients. While some studies have looked at NIHSS and Glasgow Coma Scale (GCS) as 

a predictor of mortality and 3-month mRS, there is a dearth in the literature looking at how they affect 

longer functional outcomes. In this study, we look at and compare how initial NIHSS and GCS predict 6-

month functional outcomes in ICH patients. 

Methods 

One-hundred patients who underwent minimally invasive ICH evacuation, a standardized patient 

population, from December 2015 to October 2018 were retrospectively reviewed. We looked at NIHSS 

and GCS as a predictor of functional outcome at 6-months, defined as modified Rankin scale (mRS) 0-3. 

Multivariate regression models were constructed using clinical and statistical inferences to predict mRS. 

These variables were also correlated with 6-month mRS in multivariate analyses. 

Results 

Of 100 patients, 33.0% (n=33) were female and the average age was 62.2 (SD=13.8). On admission, the 

median NIHSS was 17.0 (IQR 12.3-22.0) and the median GCS was 10.0 (IQR 7.0-13.0). Multivariate 

logistical analyses showed that higher NIHSS predicts worse 6-month mRS, however GCS does not 

(p=0.001 and 0.574, respectively). Correlation analysis with mRS at 6-months reveals that for every 9.17-

point increase in NIHSS, mRS increased by 1. 

Conclusions 

In this cohort, the admission NIHSS predicts 6-month mRS in ICH patients while controlling for significant 

covariates, while GCS does not appear to. Despite its simplicity and generalizability, the GCS lacks critical 

ICH elements that the NIHSS includes. The usefulness of the NIHSS as a predictor of ICH outcomes has 

been questioned, since ICH patients often have depressed consciousness on presentation, however we 

demonstrate its utility as a predictor of 6-month functional outcomes. 
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Association Between Red Blood Cell Transfusions and Outcomes after Intracerebral Hemorrhage 
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S.V. Elkind; Sachin Agarwal; Soojin Park; Jan Claassen; Eldad A. Hod; David J. Roh 

Columbia University, Vagelos College of Physicians and Surgeons, Department of Neurology, New York, 

NY, United States  

 

Introduction 

Among patients with intracerebral hemorrhage (ICH), it is unclear whether red blood cell (RBC) 

transfusions impact outcomes. We investigated the association between RBC transfusions and in-

hospital mortality in patients with ICH. 

Methods 

We performed a retrospective analysis using the National Inpatient Sample (NIS) database. We used 

standard diagnosis codes to identify non-traumatic ICH hospitalizations from 2002 through 2011. Our 

exposure was RBC transfusions during the ICH hospitalization and the outcome was hospital mortality. 

We performed multivariable logistic regression to estimate the association between RBC transfusion and 

outcomes after adjusting for demographics, Charlson Comorbidity Index (CCI), and hospital 

characteristics. However, given the absence of ICH severity and physiologic variable data within NIS, we 

performed additional analyses in a separate, single-center ICH cohort, adjusting for admission ICH and 

APACHE-II scores. 

Results 

Of 619,167 non-traumatic ICH hospitalizations in the NIS, 22,904 (4%) patients received RBC 

transfusions. Patients receiving RBC transfusions had more comorbidities than those not receiving RBC 

transfusions (CCI >3: 28% vs 14%). RBC transfusion was associated with increased odds of hospital 

mortality (adjusted OR 1.29; 95% CI 1.22-1.38). In a separate cohort of 427 primary ICH patients, 32 (7%) 

patients received RBC transfusions during their hospitalization. RBC transfusion was not associated with 

hospital mortality after adjusting for ICH and APACHE-II scores (adjusted OR 1.96; 95% CI: 0.71-5.39). 

Conclusions 

RBC transfusion was associated with increased odds of hospital mortality after ICH. However, underlying 

medical comorbidities, acute physiologic derangements, and ICH severity may account for some of these 

ns on 

outcomes after ICH. 
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Characteristics of Patients with Deep Venous Thrombosis after Intracerebral Hemorrhage 

Rahul Damani; César E. Escamilla-Ocañas; Amna Ramzan; Ali Ahmad; Barbara L. Gutierrez-Flores; Emilia 

Jobe; Chethan P. Venkatasubba Rao; Yasir Saleem; Eric Bershad 

Department of Neurology, Division of Vascular Neurology and Neurocritical Care, Baylor College of, 

Houston, TX, United States 

 

Introduction 

Deep venous thrombosis (DVT) is a common cause of morbidity and mortality in patients admitted to 

the neuro-intensive care unit (NICU). The aim of this work is to assess the incidence of DVT in patients 

diagnosed with intracerebral hemorrhage (ICH) and study its demographic characteristics. 

Methods 

A retrospective chart review of consecutive patients with ICH admitted to the Baylor St. Luke’s Medical 

center between January 2008 and December 2012 was conducted. Subject demographics, admission 

status, incidence of DVT, hospital length of stay (HLOS), intensive care unit length of stay (ICU-LOS) and 

clinical outcome at discharge were recorded. Data was analyzed to assess the prevalence DVT in this 

period. 

Results 

604 patients with ICH were included. DVT was identified in 53 subjects (8.8%). Median time to DVT from 

diagnosis was 120 h (IQR 192) after the initial symptoms of ICH. The mean age of patients with DVT was 

59.5 (SD 1.3) and 25 subjects (47.1%) were female. 39.6 % subjects were of Caucasian ethnicity, 30.2 % 

African-American, 18.9 % Hispanic, 1.9 %Asian and 9.4 % were from other ethnicities. Median HLOS was 

20 days (IQR 16.7) and ICU-LOS was 6 days (IQR 13.7). Moreover, 59.6% of patients who presented a 

hospital-acquired DVT had a poor clinical outcome at discharge (GOS<4). 

Conclusions 

ICH patients admitted to the NIC

large prospective trials are needed to understand the baseline characteristics of patients at risk of DVT 

as well as the utility of surveillance and different prophylaxis methods. 
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High Dose of Systolic Blood Pressure in the Hyperacute Phase of Intracranial Hemorrhage is Associated 

with Worse Outcome: Preliminary Data Analysis. 

Andrea Loggini; Ali Mansour; Faten El Ammar; Zachary Bulwa; Faddi Saleh Velez; Christopher Kramer; 

Christos Lazaridis; Fernando D. Goldenberg 

University of Chicago Medical Center, Department of Neurology, Chicago, IL, United States 

 

Introduction 

Studies have demonstrated an association between high average systolic blood pressure (SBP), and 

increased SBP variability with worse clinical outcomes in non-traumatic intracerebral hemorrhage (ICH). 

Nevertheless, the optimal blood pressure target remains elusive. We aim at introducing an alternative 

approach to assess blood pressure in the acute phase of ICH, by using the metric of SBP dose, and 

showing that it provides a more robust association with clinical outcome. 

Methods 

We retrospectively evaluated 130 ICHs admitted to our institution over a seven-year period. Initial CT 

scans were analyzed to confirm the presence of intraparenchymal blood. Blood pressure was recorded 

at presentation and hourly for the first 24-hours. Mean SBP (mSBP) in the first 24-hours was calculated; 

SBP dose (dSBP) was calculated via the trapezoidal method from area under the curve (AUC), and 

divided in three groups: no dSBP (no time spent above 160 mmHg), moderate dSBP (AUC spent above 

160 mmHg), and high dSBP (AUC above 180 mmHg). Discharge dispositions were used as surrogates of 

clinical outcome. Poor outcome included death, hospice, and long term acute care hospital. 

Results 

-one patients 

(39.2%) had poor outcome. Of the patients in the no dSBP group none suffered poor outcome; 20% of 

the patients in the moderate dSBP group, and 52% of patients in the high dSBP group suffered poor 

mean SBP in predicting patient outcomes (p<0.001). 

Conclusions 

High dSBP in the first 24-hours was associated with worse clinical outcomes, and was a better predictor 

compared to mSBP. Blood pressure dose is a promising novel metric that deserves further study in the 

management of ICH. 

242/341



Neurocrit Care (2019) 31:S1–S341 S243

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 232 

Triage Model for Inter-Hospital Transfer of Low Risk ICH Patients 

Joshua VanDerWerf; Safa Kaleem; Michael Lutz; Christian Hernandez; Jennifer Kang; Michael James; 

Keith Dombrowski; Christa Swisher  

Duke University, Department of Neurology, Durham, NC, United States 

 

Introduction 

Despite lack of ICH-specific therapies that improve outcome, current guidelines recommend treatment 

of ICH at tertiary care centers. As such, ICH comprises a large proportion of inter-hospital transfers 

(IHTs) to comprehensive stroke centers (CSCs) despite studies suggesting lack of mortality benefit and 

low CSC resource utilization. The subset of patients who derive the most benefit from a CSC is unclear.  

Here, we create a triage model to identify ICH patients who can safely avoid transfer to a CSC. 

Methods 

A retrospective cohort of patients with spontaneous ICH transferred to our CSC was used to develop our 

triage model. Patients with early discharge from the Neuro-ICU without use of any CSC resource during 

hospitalization were identified as low risk, non-utilizers (LR- -NU were 

identified and used to develop a triage model which minimized the likelihood of release of patients 

requiring CSC resource. This model was tested in a replication cohort for accuracy. 

Results 

The development and replication cohorts comprised 358 and 99 patients respectively of whom 78 (22%) 

and 26 (26%) were LR-NU. Initial GCS and baseline ICH volume were associated with LR-NU in 

multivariate analysis. Presence of IVH and infra-tentorial location of ICH were also included. Initial GCS 

>13, ICH volume <15ml, absence of IVH, and supratentorial location had an AUC, specificity, sensitivity, 

PPV, and NPV of 0.72, 91.4%, 52.6%, 63.1%, and 87.4% respectively for identifying LR-NU. In the 

development cohort and 1 patient in the replication cohort had a neurosurgical intervention. However 

mostly these were for non-emergent AVM interventions. 

Conclusions 

Spontaneous ICH patients with initial GCS >13, ICH volume <15ml, no IVH, and supratentorial location 

might safely avoid IHT to a CSC. Validation in a prospective, multicenter cohort is warranted. 
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Recurrent Intracerebral Hemorrhage Occurring in the Setting of Cardiac Myxoma 

Christopher Green; Ivan Da Silva; Jeremy Kulacz; Daniel Schachter; Laurel Cherian 

Rush University Medical Center, Chicago, IL, United States 

 

Introduction 

Metastatic cardiac myxomas have many neurologic complications, including intracerebral hemorrhage. 

Cardiac myxomas are rare intracardiac tumors. Though most myxomas are benign, the risk of malignant 

spread to the central nervous system (CNS) is well known. We describe a case of multiple recurrent 

intracerebral hemorrhages (ICH) occurring in the setting of a recently treated cardiac myxoma. 

Methods 

A chart review was performed. 

Results 

A 61-year old woman with a history of resected left atrial myxoma presented with a one-day history of 

left ear paresthesias. Computed tomography (CT) of the head was performed and demonstrated ICHs 

within the right frontal and parietal lobes and left cerebellar hemisphere. She had presented to an 

outside hospital several weeks earlier with similar symptoms with imaging demonstrating similar 

definitive evidence of malignancy or infection. Conventional angiography was negative for vasculitis. 

Brain biopsy showed no evidence of amyloidosis or glioma. At our institution, magnetic resonance 

imaging (MRI) of the brain with double inversion recovery also revealed no evidence of vasculitis; 

however, the study was concerning for multiple cavernous malformations. 

underwent genetic testing. No mutations associated with familial cerebral cavernous malformations 

syndromes were identified. Several months later, she returned to the hospital with recurrent symptoms. 

Head CT and MRI re-demonstrated multiple cavernous malformations with surrounding vasogenic 

edema, which were mildly increased compared with prior studies. Given progression of her MRI 

findings, concern for metastatic cardiac myxoma was raised. 

Conclusions 

Considering that 20-30% of patients with cardiac myxoma will have some form of neurologic 

complication, all should receive a comprehensive neurologic evaluation. Diagnosis is made with 

neuroimaging and brain biopsy. Primary treatment of cardiac myxoma includes surgical resection. When 

CNS lesions are present, chemotherapy or stereotactic radiosurgery should be considered. 
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Early Breathing Changes and Outcomes after Intracerebral Hemorrhage 

Shannon Hextrum; Jatinder S. Minhas; Farzaneh A. Sorond; Andrew M. Naidech; Matthew B. Maas 

Northwestern University, Department of Neurology, Chicago, IL, United States 

 

Introduction 

An association between spontaneous hyperventilation, severity of disease at presentation, and poor 

clinical outcomes has been reported in patients with subarachnoid hemorrhage (SAH). We evaluated the 

relationship between early breathing changes and outcomes in patients with intracerebral hemorrhage 

(ICH). 

Methods 

Consecutive patients with spontaneous ICH were enrolled in an observational cohort study conducted 

between 2006 and 2019 at a comprehensive stroke center. Patient characteristics and functional 

outcome at discharge were prospectively recorded. Arterial blood gas (ABG) measurements and 

mechanical ventilation settings in the first 72 hours of admission were retrospectively collected, when 

available.  Hyperventilation was defined as pCO2 <35 mmHg concurrent with pH >7.45 in spontaneously 

breathing patients, excluding mechanically ventilated patients not overbreathing the set rate of a 

control mode. We assessed for an association between early breathing changes, hemorrhage severity 

and hospital outcomes by univariate and adjusted analyses. 

Results 

Early ABG data were available for 220 of 632 patients. Patients with ABG data had more severe 

hemorrhages than those without (median ICH Score 2 versus 1, p<0.001). Hyperventilation occurred in 

52 (28%) of cases. There was no univariate association between hyperventilation and ICH Score, 

admission GCS score or initial hematoma volume. Lower initial pCO2 was associated with greater risk of 

in-hospital death (OR 0.94 per mmHg, 95%CI [0.89, 0.996], p=0.042) after adjustment for ICH Score, 

pneumonia and mechanical ventilation requirements. 

Conclusions 

Spontaneous hyperventilation is less common after ICH than SAH (55% vs 28%, respectively) and not 

associated with initial disease severity. The association between lower pCO2 and in-hospital mortality 

after ICH, independent of neurologic severity and comorbid respiratory complications, is consistent with 

findings of greater delayed ischemia and worse outcomes in spontaneously hyperventilating SAH 

patients. These associations may be mediated by a potentially modifiable underlying mechanism such as 

acute shifts in cerebral hemodynamics due to pCO2 changes. 
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Management of External Ventricular Drain During The Inter-Hospital Transfer of Hemorrhagic Stroke 

Patients: Need for Standard Guidelines 

Karan Amlani; Travis Laedner; Julie Kim; Julianne Kleitsch; Natalia Romano Spica; Christopher Kellner; 

Zachary Hickman; Cappi C. Lay; Kaitlin Reilly; Alexandra Reynolds; Joshua Bederson; Neha S. Dangayach 

Icahn School of Medicine at Mount Sinai, Department of Neurosurgery, New York, NY, United States 

 

Introduction 

ICH or SAH patients often undergo interhospital transfers to tertiary centers. Acute clinical deterioration 

diversion is often implemented via external ventricular drains (EVD’S).  The safety and efficacy of leaving 

the EVDs clamped or open during inter-hospital transfer is not known. We aimed to implement a pilot 

during inter-hospital transport for hemorrhagic stroke patient. 

Methods 

Under the Neuroemergencies Management and Transfers (NEMAT) Program, Department of 

Neurosurgery at Mount Sinai Health System, we implemented this protocol in October, 2018. Patients 

with ICH or SAH requiring EVD placement prior to inter-transfer to a specialized center for ICH or SAH 

within our health system were enrolled. Recommendations for ICP management, for post-EVD drainage 

H and 10 cm 

or lower for ICH were included. EVD was clamped for transportation and a dose 1 g/kg of Mannitol was 

given just prior to transportation. ICP precautions were maintained throughout transportation.  

Results 

15 (6 male,9 female_ patients who underwent inter-hospital transfers for ICH (n=3) and SAH (n=12) after 

placement of EVDs for raised ICP at the transferring hospital were included. All 15 patients required 

endotracheal intubation for transfer. 11/15 patients had an ICP less than 15 mmHg on arrival at the 

receiving hospital.  

Conclusions 

Conclusion: Protocolized care for ICH and SAH patients with EVDs and ICP management during inter-

hospital transfers for patients is safe and feasible. Such a protocol could an help facilitate potentially 

rapid and safe life saving inter-hospital transfers for hemorrhagic stroke patients with EVDs in large 

urban health system to  to hospitals with specialized definitive neurosurgical and neurocritical care.  
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Saving the Brain and the Baby: A Case of a Pregnant Woman with Moyamoya Disease 

Ronald Alvarado-Dyer; Faten El Ammar; Faddi G. Saleh Vélez; Moon Hee Hur; Christopher Kramer 

The University of Chicago Medical Center, Department of Neurology, Chicago, IL, United States 

 

Introduction 

Intracerebral hemorrhage (ICH) during pregnancy is abound with diagnostic and therapeutic dilemmas 

and contributes to pregnancy-related mortality. We present a pregnant patient with ICH due to 

Moyamoya disease to highlight these issues. 

Methods 

Case report. 

Results 

A 40-year-old 32-week pregnant Asian woman presented after developing an acute onset headache 

followed by loss of consciousness. In the emergency department, she was comatose with bilateral 

pinpoint pupils and required intubation for airway protection. Initial CT head showed predominantly 

intraventricular hemorrhage (IVH) that emanated from the left thalamus. CT angiogram revealed high-

grade stenosis of the left M1 segment with moyamoya collateralizations. Due to hydrocephalus, an 

external ventricular drain (EVD) was placed. The patient required admission to the neurocritical care unit 

for further monitoring of exam and vitals. Continuous fetal monitoring, and ultimately, successful C-

section on day 3 of hospitalization was performed through collaboration with the obstetrics and 

gynecology (OB/GYN) team. Cerebral angiogram confirmed the diagnosis of unilateral Moyamoya 

disease as the cause of the patient’s IVH. The patient was discharged initially to acute rehab and then 

home with minor cognitive deficits. 

Conclusions 

The work-up and management of ICH in pregnant patients can be challenging. Moyamoya disease is a 

non-atherosclerotic cerebral vasculopathy that can be included in the differential diagnosis for ICH in 

pregnant woman. The most common presentation of Moyamoya disease in adults is ICH, and it’s mainly 

due to the rupture of dilated and fragile vessels in the basal ganglia, and rupture of saccular aneurysms 

within the Moyamoya collaterals. Pregnancy might increase the risk of ischemic or hemorrhagic stroke 

in women with Moyamoya, but available data is controversial. Cooperation between the neurocritical 

care and OB/GYN teams can assist in determining the risks and benefits of medications, imaging, and the 

need and timing for delivery, thus assuring optimal outcomes for the patient and infant. 
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Hospital Discharge Disposition is an Independent Predictor of Three Month Functional Outcome in 

Spontaneous Intracerebral Hemorrhage 

Ameeta Shyam Karmarkar; Matthew B Maas 

McGaw Medical Center of Northwestern University, Neurocritical Care, Chicago, IL, United States 

 

Introduction 

Spontaneous intracerebral hemorrhage (ICH) is severely disabling, and survivors often require extensive 

rehabilitation to maximize recovery. Recovery for survivors discharged from index hospitalization is 

variable and incompletely explained by discharge functional capacity. We assessed whether discharge 

disposition was independently associated with long term recovery potential. 

Methods 

Patients with acute ICH hospitalized at a tertiary care comprehensive stroke center between 2006 and 

2019 were enrolled in a prospective, observational study that recorded demographics, standard severity 

s was measured by the modified Rankin Scale (mRS) at 

discharge and three months. Discharge disposition were ordinalized by activity engagement level from 

highest to lowest as follows: home, 4; acute inpatient rehabilitation (AIR), 3; skilled nursing facili

2; and long-term acute care hospital (LTACH), 1. Ordinal regression was used to assess the prognostic 

association between discharge disposition and three month functional status by mRS, adjusting for the 

ICH Score and mRS at discharge. 

Results 

Among 656 patients enrolled, 445 survived and had complete in-hospital data for analysis, and three 

outcomes at three months (mRS 4-6; 91.8% and 96.5% respectively), with most either bedbound or dead 

(58.8% and 63.2% respectively). Poor outcomes were less common among patients discharged to AIR 

(39.7%) or home (9.0%). The adjusted model found that a better discharge disposition was associated 

with more favorable three month mRS (odds ratio 0.54, 95% CI [0.40, 0.74], p=0.00011). 

Conclusions 

Discharge disposition captures prognostically important characteristics in patients with intracerebral 

hemorrhage beyond traditional case severity and functional status measures. Outcomes are poor for a 

large majority of patients unable to return home or qualify for acute rehabilitation. Whether the 

prognostic characteristics requiring nursing facility care are modifiable by increasing rehabilitation 

services in those care environments is not known. 
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Experience with Andexanet Alfa for Reversal of Factor Xa Inhibitor Associated Intracerebral 

Hemorrhage at a Large Academic Medical Center 

Basit Rahim; Zachary David Threlkeld; Joshua Benjamin Wenner; Vitaliy Nikitenko; Chitra 

Venkatasubramanian 

Stanford Hospital - Neurocritical Care, Stanford, CA, United States 

 

Introduction 

2018 as a reversal agent for uncontrolled or life-threatening bleeding for patients taking apixaban and 

rivaroxaban. Approval was based on the results of interim analysis of the ongoing ANNEXA-4 multi-

center, prospective, open-label clinical trial. Our institution began using the drug in August 2018. We 

report our clinical experience. 

Methods 

We conducted a retrospective observational study of patients admitted to Stanford Medical Center from 

-associated intracranial 

hemorrhage. 

Results 

-associated ICH. The mean age was 74 (+/- 10). 

13 patients were male. The mean Glasgow Coma Scale score was 14. Hemorrhage types included 

intraparenchymal hemorrhage (9 patients), subarachnoid hemorrhage (4 patients), and subdural 

hemorrhage (2 patients). Hemorrhage was associated with head trauma in 4 patients (40%). Ten 

patients (67%) had “excellent” or “good” hemostasis defined by the ANNEXA-4 criteria. Three patients 

(15%) developed deep venous thrombosis. No patients developed pulmonary embolism or myocardial 

infarction. 30-day mortality was 20% (3 patients). 

Conclusions 

We describe a case series of patients who received andexanet alfa for intracerebral hemorrhage at a 

large medical center. 
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An Unusual Case of Corpus Callosum Hemorrhage 

Courtney Raab; Enest J. Laney; Farrukh S. Chaudhry 

Community Health System, Munster, IN, United States 

 

Introduction 

The incidence of intracerebral hemorrhage (ICH) is 24.6 per 100,000 person years. Nontraumatic 

spontaneous ICH is usually seen in setting of uncontrolled hypertension or cerebral amyloid angiopathy 

and commonly occurs in basal ganglia, cerebral cortex, brainstem or cerebellum. Spontaneous ICH in 

corpus callosum with intraventricular hemorrhage (IVH) is very rarely seen and reported. We present an 

unusual case of corpus callosum hemorrhage with IVH associated with a reversible cerebral 

vasoconstriction pattern (RCVS) on cerebral angiography. 

Methods 

The demographic information and clinical reports were obtained from electronic medical records 

retrospectively. Select neuroimaging was obtained from neuroradiology department. 

Results 

71 year old Caucasian male with a past medical history of chronic obstructive pulmonary disease, 

essential hypertension, and prior ischemic stroke with residual right hemiparesis presented in 

unresponsive state when he was discovered on bathroom floor. Neurological examination on admission 

showed no verbal response, eyes open, with reactive pupils, and withdrawal to pain in left arm and leg.  

Blood pressure on admission was 224/92 mmHg. Computer tomography (CT) of head showed large ICH 

in rostrum, genu and trunk of corpus callosum with intraventricular extension and hydrocephalus. He 

was intubated for respiratory distress and external ventricular drain (EVD) was placed. He was also 

treated with intraventricular alteplase 1 mg injection for total of 9 doses, 8 hours apart. Blood pressure 

was controlled with nicardipine infusion initially, a

up CT head showed resolution of IVH over the next several days, however, no significant clinical 

improvement was seen. Patient remained abulic and akinetic. Cerebral angiography performed showed 

right pericallosal artery beading pattern consistent with RCVS. After transition to comfort care, the 

patient expired on the 11th day of hospitalization. 

Conclusions 

Spontaneous non-traumatic corpus callosum ICHs are rare, and while other causes have been reported, 

this particular etiology is likely due to RCVS. 
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Rates of Infections and Clinical Outcomes After Intracerebral Hemorrhage 

Rahul Damani; César E. Escamilla-Ocañas; Barbara L. Gutierrez-Flores; Emilia Jobe;  Eric Bershad; 

Chethan P. Venkatasubba Rao; Yasir Saleem 

 Department of Neurology, Division of Vascular Neurology and Neurocritical Care, Baylor College 

of Houston, TX, United States 

 

Introduction 

Intracerebral hemorrhage (ICH) is a leading cause of disability and mortality.  Infections are a common 

complication observed in ICH and might be associated with worse outcomes. We aim to evaluate the 

association between infections and clinical outcomes at hospital discharge. 

Methods 

A retrospective chart review of consecutive patients with ICH admitted to the Baylor St. Luke’s Medical 

center between January 2008 and December 2012 was conducted. Subject demographics, admission 

status, rates of infections including; pneumonia, urinary tract infection (UTI), bacteremia and clinical 

outcome at discharge were recorded. Associations between the presence or absence of infections and 

clinical outcome, measured by the Glasgow Outcome Scale (GOS), were investigated using a multivariate 

logistic regression model. 

Results 

604 patients with ICH were included. Infections occurred in 141 subjects (23.5%). UTI was the most 

common infection (45.2 %) followed by pneumonia (28.8 %) and bacteremia (19.2 %). Clinical outcome 

was significantly worse for subjects who experienced any type of infection during hospitalization, 

compared to non-infected subjects, poor outcome (GOS <4) was found on 63.8 % and 42.8 % 

respectively (p=0.0168). This increased risk was significant after controlling for gender, ethnicity, 

ermore, an unfavorable discharge disposition 

-infected group, 62.4 

% and 42.2 % respectively (p=0.004). 

Conclusions 

Our study shows a significant association between infections and poor clinical outcomes at hospital 
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Low serum calcium levels are associated with a worse clinical outcome in ICH 

Rahul Damani; César E. Escamilla-Ocañas; Asim Naveed; Barbara L. Gutierrez-Flores; Emilia Jobe; Eric 

Bershad; Chethan P. Venkatasubba Rao; Yasir Saleem 

Department of Neurology, Division of Vascular Neurology and Neurocritical Care, Baylor College of, 

Houston, TX, United States 

 

Introduction 

Intracerebral hemorrhage (ICH) is a subtype of stroke associated with a high morbidity and mortality. 

Low serum calcium levels have been previously associated with larger hematoma volumes, hematoma 

expansion and worse outcomes; however, the pathophysiological mechanisms are still not well 

understood. A confounding effect among serum calcium and magnesium levels has been previously 

considered. In the present study, we investigate whether hypocalcemia is associated with poor clinical 

outcomes  controlling for serum magnesium levels. 

Methods 

A retrospective chart review of consecutive patients with ICH admitted to the Baylor St. Luke’s Medical 

center between January 2008 and December 2012 was conducted. Serum calcium and magnesium levels 

were measured during hospitalization, hypocalcemia and hypomagnesemia were defined as serum 

levels below 8.4 mg/dL and 1.5 m/dL respectively. Associations between serum calcium level and clinical 

outcome, measured by the Glasgow Outcome Scale (GOS), were investigated using a multivariate 

logistic regression model. 

Results 

510 patients with ICH were included. Hypocalcemia was identified in 82 subjects (16.1%). Clinical 

outcome was significantly worse in the hypocalcemic group compared to the normocalcemic group, 

poor outcome (GOS <4) was found in 68.9% and 43.3% respectively (p=0.0035). This increased risk was 

significant after controlling for gender, ethnicity, serum magnesium levels, admission GCS, admission 

 

death) was also higher in the hypocalcemic group compared to the normocalcemic group, 69.6% and 

41.8 % respectively (p=0.0016). 

Conclusions 

Our study shows a significant association between hypocalcemia and a poor clinical outcome after 

association. 
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Interfacility Transport of Patients with Intracerebral Hemorrhage in a Rural Health System 

Robert Hendry; Desiree Metzger-Cihelka; Robin Jones; Edward C Jauch 

Mission Hospital, Department of Neurology, Asheville, NC, United States 

 

Introduction 

Treatment of patients with intracerebral hemorrhage (ICH) typically requires advanced care at a tertiary 

medical center. Many patients present initially to regional or local emergency departments and require 

interfacility transportation to a referral center. Mission Hospital (MH) is a community-based non-

academic 763-bed tertiary care facility with Comprehensive Stroke Center certification. We serve as the 

referral center for 5 affiliated Mission Health hospitals and 11 regional non-affiliated hospitals across 18 

counties. These hospitals are distributed throughout a mountainous and rural area with challenging 

terrain for transportation and limited resources for critical care transport. Here, we aim to describe the 

current transfer paradigm and consistency of care provided during interfacility transport of ICH patients 

prior to implementation of a dedicated ICH regional interfacility transfer protocol. 

Methods 

Retrospective review of the electronic medical record was performed to identify all patients in calendar 

year 2018 admitted to MH with a principal diagnosis of nontraumatic ICH who initially presented to 

another facility prior to transfer to MH. Data, including demographics, transport service type, and 

transport sequential blood pressures, were collected. Blood pressures during transport were analyzed to 

determine whether blood pressure exceeded our guidelines. 

Results 

51 patients with ICH transferred to our referral center were identified. 10/51 (19.6%) were transported 

via critical care transport, and 41/51 (80.4%) were transported by local EMS using general adult 

transport protocols. 9/51 (17.6%) had uncontrolled hypertension as defined by 2 or more BP readings 

above our guidelines. Of these, 3/9 (33.3%) were transported via critical care transport and 6/9 were 

transported via local EMS. Transport records were incomplete in 15/51 (29.4%). 

Conclusions 

Elevated blood pressures during transport of ICH patients are common. Rural health systems are 

challenged by lack of critical care transport capabilities. We are currently implementing a dedicated 

protocol for interfacility transport care of ICH patients. 
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Natural History of Infratentorial Intracerebral Hemorrhages: Two Subgroups with Distinct Clinical 

Presentations and Outcomes 

Viren D. Patel; Roxanna Garcia; Dionne E. Swor; Eric M. Liotta; Matthew B. Maas; Andrew Naidech 

Northwestern University, Department of Neurology, Chicago, IL, United States 

 

Introduction 

Infratentorial intracerebral hemorrhage (ICH) is associated with worse prognosis than supratentorial 

ICH; however, infratentorial ICH is often excluded or underrepresented in major studies of ICH. We 

sought to evaluate the natural history of infratentorial ICH stratified by brainstem or cerebellar location 

using a prospective observational study inclusive of all spontaneous ICH presenting to our institution. 

Methods 

Using a prospective, single center cohort of patients with spontaneous ICH between 2008-2018, we 

conducted a descriptive analysis of baseline demographics, severity of injury scores, and long-term 

functional outcomes of infratentorial ICH stratified by cerebellar or brainstem location. 

Results 

Infratentorial ICH occurred in 82 (13%) of patients in our ICH cohort. Cerebellar ICH occurred in 45 (55%) 

and brainstem ICH occurred in 32 (45%). Compared to cerebellar ICH, brainstem ICH had significantly 

worse severity of injury scores, including: admission Glasgow Coma Scale (P <0.001), ICH score (P = 

0.02), and National Institute of Health Stroke Scale (NIHSS) (P = 0.001).  Modified Rankin Scale (mRS) 

scores at 3 months were significantly better in patients with cerebellar ICH compared to brainstem ICH 

(median 3 [1.5 - 6.0] versus median 6 [5.0 - 6.0], P = 0.04). Patients with cerebellar ICH were more likely 

to be discharged home or to acute rehabilitation (OR 4.7, 95% CI 1.6 – 14.4) but there was no difference 

in in-hospital mortality (OR 0.39, 95% CI 0.13 – 1.12) or cause of death (P = 0.5).  Patients with cerebellar 

ICH who were alive at 3 months had smaller hemorrhages and lower severity of injury on admission. 

Conclusions 

Location of infratentorial ICH is an important determinant of admission severity and clinical outcome. 

Patients with cerebellar ICH have less severe symptoms at presentation and more favorable functional 

outcomes compared to patients with brainstem ICH. 
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Factors Affecting the Development of Acute Renal Failure after Intracerebral Hermorrhage 

Chethan P. Venkatasubba Rao; Bárbara L. Gutiérrez-Flores; Muhammad Hafeez; César E. Escamilla-

Ocañas; Emilia Jobe; Rahul Damani; Eric Michael Bershad 

Baylor College of Medicine, Department of Neurology, Houston, TX, United States 

 

Introduction 

It has been known that patients with intracerebral hemorrhage (ICH) have a higher rate of acute renal 

tality. The factors such as 

medications for blood pressure control, blood pressure (BP) variations and use of contrast for imaging 

without history of previous kidney disease. 

Methods 

We analyzed the records from hospitalized patients in the ICU from 2008 to 2012 in a single academic 

center with primary diagnosis of ICH and renal failure. A total of 604 were analyzed, 86 patients 

(14.23%) were reported to 

(47.6%) patients did not meet the criteria for renal risk, injury or failure and 23 (26.7%) did not have 

enough data for the study.  Antihypertensive therapy used within the first 48 hours of admission was a 

combination of ACEI, ARBs and B-blockers. 

Results 

Patients showed a wide variability in blood pressure (max-min within a day) which could not be 

and use of iodinated contrast, since CT without contrast was the imaging study of choice in all patients. 

Conclusions 

Our observations did not show an association in between BP variability, type of antihypertensive 

therapy or use of iodinated contrast within the first 48hrs of admission to acute renal failure in ICH 

patients either with or without history of renal disease.  A larger study may be required to support this 

statement. 
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Intravenous Milrinone for Cerebral Vasospasm Secondary to Aneurysmal Subarachnoid Hemorrhage 

Allison L. Rider; Kumaran Ramakrishnan; Bassel F. Raad; Joseph Zachariah; Jessica L. Parker 

Spectrum Health, Department of Pharmacy, Grand Rapids, MI, United States 

 

Introduction 

Milrinone, a phosphodiesterase inhibitor, has limited data as salvage therapy for cerebral vasospasm 

(CVS) secondary to aneurysmal subarachnoid hemorrhage (aSAH). To date, no study has compared 

patients treated with intravenous milrinone to a control group receiving standard treatment, primarily 

hemodynamic augmentation. We compared CVS duration in milrinone-treated patients to a control 

group, and evaluated additional safety and efficacy outcomes. 

Methods 

This was a retrospective, single center, case control study. Adult patients admitted to Spectrum Health 

or inclusion. The primary outcome was duration of CVS recorded on 

daily Transcranial Doppler exams. Secondary outcomes assessed efficacy and safety. Efficacy endpoints 

included, but were not limited to: incidence of ischemic stroke, interventions to treat CVS, ICU/hospital 

length of stay (LOS), and in-hospital mortality. Safety endpoints included vasopressor/inotrope 

requirements and incidence of arrhythmias. 

Results 

-treated and 27 control patients. 

Milrinone use was associated with a longer duration of CVS (p = 0.048), increased use of intraventricular 

medications for CVS (p=0.003), greater vasopressor requirements (p =0.01), and longer vasopressor 

duration (p=0.0004). There was no difference in arrhythmias or in-hospital mortality. ICU LOS in 

milrinone versus control groups was 24.8 vs. 20.2 days (p=0.06) and hospital LOS was 25.7 vs. 21 days, 

respectively (p = 0.05). There were 6 ischemic strokes in the milrinone group versus 2 in the control 

group (p=0.11). 

Conclusions 

Intravenous milrinone was associated with a longer duration of CVS in aSAH patients, greater 

vasopressor requirements, and trended towards a higher incidence of ischemic stroke, though not 

statistically significant. Prospective, randomized, controlled trials are needed to further define the risks 

and benefits of milrinone therapy in aSAH patients. 
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Nodal Perfusion in Aneurysmal Subarachnoid Hemorrhage: Preliminary Findings 

Sarah E. Nelson; Jose I. Suarez; Yang Li; Jun Hua; Haris I. Sair; Peter C.M. van Zijl; Robert D. Stevens 

Johns Hopkins University, Departments of Neurology and Anesthesiology/Critical Care Medicine, 

Baltimore, MD, United States 

 

Introduction 

Aneurysmal subarachnoid hemorrhage (aSAH) patients sustain several physiologic changes, including a 

rupture. MRI is potentially useful for prognostication in aSAH but has not been well-studied in this 

patient population. We present our preliminary experience with multimodal MRI in the acute period 

after aSAH. We hypothesized that changes in nodes of network critical to consciousness differ between 

patients with good and poor outcomes. 

Methods 

Thirty-four aSAH patients and 10 healthy volunteers underwent multimodal MRI at 3T. MRI T1 images 

were segmented, and ASL-

consciousness (i.e., salience network, central executive network, default mode network). Wilcoxon rank-

to test odds of modified Rankin Scale (mRS) 0-3 at 6 months. 

Results 

aSAH patients had a mean age (±SD) of 57.3±14.2 years, and controls were 26.1±5.0 years (p<0.001). 

prefrontal cortex 

-3 and 4-6). 

Conclusions 

r age-matched studies with more subjects and 

additional MRI sequences are needed to better determine MRI’s potential utility in aSAH 

prognostication. 
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Sphenopalatine Ganglion Blockade as a Novel Treatment for Aneurysmal Subarachnoid Hemorrhage 

Associated Intractable Headache 

Christopher Melinosky; Dev Mehta 

Lehigh Valley Health Network, Department of Neurology, Allentown, PA, United States 

 

Introduction 

Aneurysmal subarachnoid hemorrhage (SAH) classically presents with the “worst headache of the 

patient’s life” which can be very debilitating and persist for weeks. Headache is often refractory to 

standard treatment, including opiates. Pain is thought to be derived from meningeal irritation in the 

subarachnoid space. The sensory fibers in the anterior meninges are innervated by branches from the 

ophthalmic division of the trigeminal nerve, which is closely associated with the sphenopalatine ganglion 

(SPG). SPG blockade with local anesthetic, first described in 1908, has used as a treatment for various 

types of headache disorder but has not been described in SAH-associated headache. Treatment 

approach is either transnasal or transcutaneous injection. This case series describes five patients who 

received SPG blockade for intractable SAH-associated headache. 

Methods 

Patients with acute aneurysmal SAH in the Neurocritical Care Unit were offered adjunct SPG blockade 

for headache refractory to standard treatment. Patients rated pain on a 0-10 numerical scale, both 

before and 30 minutes after the procedure, which included either transnasal administration of 

ropivacaine using the TX360 device (Tian medical) or transcutaneous administration of ropivacaine with 

decadron. 

Results 

ess score on admission 2 (range 

2-3)); two (40%) received transnasal blockade and three (60%) received transcutaneous blockade.  

Median pre-treatment pain score was 8 (range 6-

their pain within 30 minutes; the fifth reported 30% reduction of pain. Transcutanous SPG blockade 

resulted in complete pain relief in all patients. The effects were transient, and pain typically returned 

within 24 hours.  There were no complications associated with the procedure. 

Conclusions 

Repetitive SPG blockade is a safe and effective adjunct treatment for SAH-associated headache. A larger 

clinical trial is planned. 
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Effects of Tranexamic Acid in Patients with Subarachnoid Hemorrhage: A Prospective Observational 

Study 

Pedro Kurtz; Carla Rynkowski; Paula Buchs Zucatti; Monica Tonello; Vanessa Hegele; Pedro Henrique 

Rigotti 

Paulo Niemeyer State Brain Institute, Rio de Janeiro, Brazil 

 

Introduction 

Tranexamic acid is recommended in the first 72 hours after subarachnoid haemorrhage (SAH) and 

before aneurysm treatment to reduce rebleeding. In Brazil, patients are frequently submitted to delayed 

aneurysm occlusion after SAH (>72 hours from ictus). The objective of this study was to evaluate the 

effects of tranexamic acid on hospital complications and outcome of patients with SAH. 

Methods 

All consecutive patients admitted with SAH between 2016 and 2018 at a reference center  were 

included. Data were collected prospectively during the hospital stay. All SAH patients within 72 hours of 

ictus were considered eligible for tranexamic acid (TA) up to aneurysm occlusion. We analysed 3 groups: 

no TA, low dose TA and high dose TA. The primary endpoint was mortality at hospital discharge. Other 

outcomes included hospital complications such as rebleeding, delayed cerebral ischemia and adverse 

events such as deep venous thrombosis DVT) and pulmonary embolism (PE). 

Results 

One hundred forty five patients were included in the study. Approximately half (53,1%) received TA, 

with 37(48%) receiving low dose and 40 (52%) high dose. At baseline, the high-dose TA group had more 

-dose group (38% vs 22%). Patients in the low-dose 

group had lower rebleeding rates (2.7%; P=0.05) than the no-TA and high-dose TA groups. Mortality was 

lower for the no-TA and low-dose TA groups as compared to the high-dose TA patients. Moreover, 

patients that did not receive TA had longer ICU and hospital lengths of stay. DVT/PE rates were very low 

in our cohort and not different between groups. 

Conclusions 

Our study showed that patients that received low dose of tranexamic acid had lower rates of rebleeding 

as compared to those that received no TA and high-dose TA. Mortality was also lower in this group when 

compared to patients that received high-dose TA. 
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Safety of Intraventricular Milrinone Administration in Patients with Refractory Vasospasm secondary 

to Subarachnoid Hemorrhage 

Naresh Mullaguri; Megha Purohit; Christine Ahrens; Christopher R. Newey; Dhimant Dani; Mark Bain; 

Pravin George 

Division of Neurocritical Care, Cerebrovascular Center, Neurological Institute, Cleveland Clinic, 

Cleveland, OH, United States 

 

Introduction 

Aneurysmal subarachnoid hemorrhage (aSAH) carries high mortality and morbidity. Symptomatic 

vasospasm is an important complication of aSAH. About thirty percent of patients with severe 

vasospasm do not respond to conventional management and will go on to develop delayed ischemic 

strokes. Medical management in these patients are limited and require endovascular therapy with 

intraarterial vasodilators and angioplasty. Milrinone has vasodilator properties and inotropic activity 

which has been used by intravenous and intraarterial routes for symptomatic vasospasm. In this study, 

we tested the safety and feasibility of intraventricular milrinone (IVM) in patients with severe vasospasm 

administered through the external ventricular drain (EVD). 

Methods 

A retrospective review of medical records of patients with subarachnoid hemorrhage who received IVM 

between 2016-2018. IVM was given at a dose of 0.87 mg in 2ml sterile saline every 8 hours through an 

EVD that was subsequently clamped for 2h. 

Results 

28 patients received IVM for refractory vasospasm. Among those, 27 patients had ruptured aSAH and 

one patient had ruptured internal carotid artery pseudoaneurysm secondary to pituitary macroadenoma 

resection. The mean IVM doses were 13 (range 1-30 doses). Only one patient (3.5%) developed 

ventriculitis 26 days after IVM. There were no elevations of intracranial pressures with intraventricular 

administration of IVM. 

Conclusions 

In patients with refractory vasospasm from aneurysmal subarachnoid hemorrhage, intraventricular 

milrinone administration seemed to be relatively safe. Prospective trials are needed to further 

determine the safety and efficacy. 
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Effect of Adherence to Anti-hypertensive Medications in Hypertensive Patients with Ruptured 

Cerebral Aneurysms 

Kyung-Yul Lee; Jinkwon Kim 

Department of Neurology, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, 

South Korea 

 

Introduction 

Rupture of cerebral aneurysm is the most common cause of subarachnoid hemorrhage (SAH). 

Hypertension is a particularly important risk factor for growing and rupture of cerebral aneurysm. In 

clinical practice, the non-adherence to anti-hypertensive medications is the most important cause of 

uncontrolled blood pressure. The aim of this study is to evaluate the effect of non-adherence to anti-

hypertensive medications on the long-term prognosis of patients with hypertension and ruptured 

cerebral aneurysm based on the nationwide health claims database in Korea. 

Methods 

This study is retrospective cohort study using the National Health Insurance Service-National Sample 

Cohort (NHIS-NSC) in Korea. We included non-traumatic SAH patients (ICD-10; I60) with hypertension 

who underwent endovascular coil embolization or surgical clipping for ruptured aneurysm. The primary 

outcome is defined as composites of recurrent stroke, myocardial infarction, all-cause death. Adherence 

to anti-hypertensive medications is measured by calculating the proportion of days covered (PDC) based 

on the prescription records, which is treated as a time-dependent variable. We performed multivariate 

time-dependent Cox regression analysis with adjustments for sex, age, diabetes mellitus, treatment 

morality (coil embolization or surgical clipping), and household income. 

Results 

-NSC, we found 880 patients who received coil embolization or surgical clipping for 

aneurysmal SAH. Among them, 297 patients with hypertension were included for analysis. During the 

3.4 years of mean follow-up period, there were 116 patients who had primary outcome. In the 

multivariate Cox regression, poor adherence to anti-

independently associated with increased risk of primary outcome (adjusted HR 1.87, 95% CI 1.17–2.97, 

p-value=0.009). 

Conclusions 

In this cohort study with real-world data, poor adherence to anti-hypertensive medications is a strong 

risk factor for worse prognosis in the hypertensive patients who underwent treatments for ruptured 

aneurysm. There is need for greater attention to adherence to anti-hypertensive medications in the 

high-risk patients. 
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Transcranial Doppler Monitoring in Non-aneurysmal Subarachnoid Hemorrhage 

Danuel K. Snelgrove 

Medical University of South Carolina, Department of Neurosurgery, Charleston, SC, United States 

 

Introduction 

TCD is routinely used in aneurysmal  subarachnoid hemorrhage (SAH) for vasospasm surveillance. The 

value of TCD monitoring in non-aneurysmal SAH (NASAH) is unclear. In this study we sought to 

determine the clinical utility of performing TCD monitoring in a cohort of patients with NASAH. 

Methods 

Retrospective case series study performed at a comprehensive stroke center in a University hospital. 

Patients with SAH in whom an aneurysm or other vascular lesion was not identified were extracted from 

a prospective database covering a 5 year period. Patients with NASAH were categorized into 

perimesencephalic and diffuse SAH based on the CT appearance. Baseline demographics and clinical 

variables were obtained from the database. TCD results were obtained from a TCD database and 

conventional criteria were used to diagnose sonographic spasm. Categorical variables were compared 

 

Results 

A total of 50 NASAH patients were identified; 32 perimesencephalic and 18 diffuse. Spasm was identified 

in 9/30 (30%) perimesencephalic NASAH patients and 6/18 (33%) diffuse NASAH patients (p=0.7542). No 

differences were observed between groups in age (p= 0.896 ), discharge disposition (p= 0.4707), median 

her score (p= 0.4119) when comparing patients with spasm to 

those without spasm. Similarly the median number of TCDs (p= 0.4119) did not differ among patients 

with and without spasm. The location of NASAH did not influence the diagnosis of spasm (p=0.7544). 

Conclusions 

Sonographic spasm occurs in 30% of NASAH patients but no specific clinical variable appears to influence 

its occurrence. The clinical significance of such finding needs further validation. 
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Association between 14-day Fluid Balance and Outcomes in Aneurysmal Subarachnoid Hemorrhage 

Christopher Nguyen; Mohammad Hajighasemi-Ossareh; Steven Cen; Roy Poblete; Sebina Bulic; May 

Kim-Tenser; Benjamin Emanuel 

Keck School of Medicine of USC, Department of Neurology, Los Angeles, CA, United States 

 

Introduction 

Complications following aneurysmal subarachnoid hemorrhage (aSAH) may be associated with early 

fluid status. This study aims to assess the relation of fluid balance and intravascular volume to outcomes 

including acute kidney injury (AKI), delayed cerebral ischemia (DCI), and vasospasm (VSP) in aSAH. 

Methods 

64 consecutive aSAH patients were retrospectively collected including patient demographics and 

admission characteristics. Intravascular volume on admission was measured by IVC ultrasound. Daily 

fluid balance in the first 14 days of admission were recorded along with changes in BUN and Cr. 

Outcomes including DCI and VSP were collected. Spaghetti plots were used to illustrate trajectory 

patterns. A linear mixed effect model was used the test the trajectory of slopes. An interaction term 

between time and patient condition was used to test the slope difference between patient conditions. 

Results 

59 of 64 patients underwent IVC ultrasound assessment of intravascular volume. 21 patients were 

hypovolemic on admission with IVC collapsibility index >50% or distensibility index >18%. IVC 

slopes were found to be different by patient m

balance decreased by -64.6±28mL/hr (p=0.02) while it increased 26.8±21.7mL/hr (p=0.22) in those 

-

54.4±27.1/hr (p=0.05) while it increased 19.2±22.5/hr (p=0.39) in those without DCI (interaction p=0.04). 

-87.5±27.8/hr 

(p<0.01) in those without VSP (interaction p<0.01). 

Conclusions 

Patient hemodynamics on admission as determined by IVC ultrasound does not correlate with 

development of AKI. However, fluid balance in the first 14 days of admission may be associated with 

outcomes in aSAH. 
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Proteomic Profiling Reveal Potential Plasma Markers for Delayed Cerebral Ischemia after 

Subarachnoid Hemorrhage 

H. Alex Choi; Jude PJ Savarraj; Georgene Hergenroeder; Glenda Torres; Angela Burkett; Tiffany Chang; 

Sheng Pan; Li Li; Ryan Kitagawa; Spiros Blackburn; 

The University of Texas Health Science Center- McGovern Medical School, Houston, TX, United States 

 

Introduction 

Early prediction of delayed cerebral ischemia (DCI) will improve management of subarachnoid 

hemorrhage (SAH) patients. We used mass spectroscopy (MS) to undertake an unbiased interrogation of 

plasma proteins associated with DCI. 

Methods 

This is an observational prospective single-center study of patients admitted to a tertiary care center. 

Serum samples from patients were obtained within 24 hours post-admission. We performed analysis in 

2 cohorts separately at different times. The first cohort was a retrospective cohort of 24 matched 

subjects (13 no-DCI vs 14 DCI). The second cohort consisted of 45 matched subjects (24 no-DCI and 21 

DCI). In both cohorts subjects were matched across DCI status for age, sex and modified fisher scale. We 

performed t-tests across DCI groups in both cohorts to identify proteins with a difference in 

concentrations between DCI groups. We selected proteins with a p-value of <0.2 for difference across 

DCI in both cohorts as potential candidates. 

Results 

2017 and 2228 proteins were identified in cohort-1 and cohort-2 respectively. We identified 23 potential 

candidates in cohort-1, and 225 potential candidates in cohort-2. Six proteins were identified in both 

cohort-1 and cohort-2 (p-value cohort-1 and p-value cohort-2): complement factor H (p=0.02 and 

p=0.003); complement factor I (p=0.09 and p=0.021), antithrombin-III (p=0.19 and p=0.032), histidine-

rich glycoprotein (HRG) (p=0.03 and p=0.09), fetuin-B (p=0.13 and p=0.13), and hemopexin (p=0.03 and 

p=0.19).  All plasma protein levels were lower in the DCI group. 

Conclusions 

In our unbiased approach to identifying biomarkers of DCI we identified 6 potential candidates. The 

compliment cascade and antithrombin-III has previously been identified as important in the 

pathophysiology of SAH. Of interest, we also identified hemopexin (part of the CD91-heme-hemopexin 

scavenging system) and HRG which is associated with cerebral vessel contraction as potential 

-B has not been previously reported in SAH.  Confirmatory testing needs to be 

performed to validate our findings. 
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Glycemic Gap is Superior to Admission Glucose as a Predictor of Poor Outcome in Aneurysmal 

Subarachnoid Hemorrhage 

Philip Sun; Roy Poblete; Peggy Nguyen; Sebina Bulic; May Kim-Tenser; Jonathan Marehbian; Steven Cen; 

Benjamin Emanuel 

Department of Neurology, Los Angeles County + University of Southern California Medical Center, Los 

Angeles, CA, United States 

 

Introduction 

Glycemic gap (GG), determined by the difference between glucose and the HbA1c-derived average 

glucose (ADAG), predicts poor outcomes in various clinical settings. Our main objective was to evaluate 

various admission factors and outcomes in relation to GG. 

Methods 

We retrospectively reviewed prospectively collected data on 121 adult patients with aneurysmal 

subarachnoid hemorrhage. Admission glycemic gap (AGG) was defined as ADAG (28.7×HbA1c-46.7) 

subtracted from admission glucose (AG). Poor composite outcome was defined as death, tracheostomy, 

gastrostomy, and/or discharge to a nursing facility. Spearman method was used for correlation. 

Generalized linear model was used to test the difference in GG between patient categories. Mixed 

effects model was used to test the difference in trajectory slopes in GG. Area under the curve (AUC) for 

ROC curve was used to estimate prediction accuracy. SAS 9.4 was used for all data analyses. 

Results 

The overall mean AGG was 58.9±51.8 mg/dL. AGG was significantly correlated with AG (r=0.91, p<0.01), 

GCS (r= -0.51, p<0.01), lactic acid (r=0.40, p<0.01), and procalcitonin (r=0.40, p<0.01) on admission, but 

not with HbA1c (r=0.04, p=0.65). There was a nonsignificant trend of higher AGG in those with delayed 

cerebral ischemia (73.1±8.7 vs. 53.2±5.5, p=0.056). Patients with poor composite outcome had both 

higher AG (194.4±7.7 vs. 167.8±7.5, p=0.02) and AGG (77.9±6.3 vs. 40.9±6.2, p<0.01), but the difference 

in AGG was more profound. Trajectory slope in the first 24 hours for GG did not differ in patients with 

poor vs. good composite outcome (-1.56±0.53/6hr vs. -1.47±0.52/6hr, p=0.9), nor did it differ for point-

of-care glucose testing (-1.32±0.52/6hr vs. -1.27±0.51/6hr, p=0.95). AGG had significantly better 

prediction accuracy than AG in predicting poor composite outcome (AUC: 0.69±0.05 vs. 0.64±0.05, 

p=0.02). 

Conclusions 

Admission glycemic gap served as a better predictor of poor outcome than admission glucose. 

Additionally, AGG was correlated with AG, lactic acid, and procalcitonin, and inversely correlated with 

GCS. 
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The Use of Standardized Management Protocols for Critically Ill Patients with Non-traumatic 

Subarachnoid Hemorrhage 

Shaurya Taran; Vatsal Trivedi; Jeffrey M. Singh; Shane W. English; Victoria A. McCredie  

Department of Critical Care Medicine, University of Toronto, Toronto, Canada 

 

Introduction 

The use of standardized management protocols (SMPs) has been shown to improve patient outcomes 

for multiple neurocritical diseases. However, whether SMPs improve outcomes after subarachnoid 

hemorrhage (SAH) is currently unknown. We aimed to study the effect of SMPs on 6-month mortality 

and neurologic outcomes following SAH. 

Methods 

A systematic review of randomized control trials (RCTs) and observational studies was performed by 

searching multiple indexing databases from their inception through January 2019. Studies were limited 

-traumatic SAH reporting mortality, neurologic outcomes, and 

delayed cerebral ischemia (DCI). Data on patient and SMP characteristics, outcomes, and methodologic 

quality was extracted into a data collection form. Methodologic quality of observational studies was 

assessed using the Newcastle Ottawa Scale (NOS). 

Results 

A total of 11,260 studies were identified; 484 were assessed in full and 36 met the criteria for inclusion. 

Two studies were RCTs and 34 were observational. SMPs were divided into four broad domains: 

management of acute SAH, early brain injury, DCI, and general neurocritical care. The most common 

SMP design was control of DCI, with 21 studies targeting this domain. Overall, studies were of low 

quality; most described single-centre case series with small patient sizes. Observational studies scored 

between 3 and 8 on the 9-point NOS. DCI and neurologic outcomes were defined inconsistently in the 

literature, leading to significant challenges in their interpretation. Given the substantial hetereogeneity 

in reporting practices between studies, a meta-analysis could not be performed. 

Conclusions 

The effect of SMPs on SAH remains unknown due to major limitations in study design and quality. 

Notable deficiencies relate to heterogeneous definitions of DCI and inconsistent application of 

standardized neurologic assessment scales. Our study highlights the need for rigorous RCTs to 

determine whether the use of a protocol impacts outcomes in critically ill patients with SAH. 
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Early Hyperchloremia is Associated with Delayed Cerebral Ischemia and Worse Functional Outcomes 

After Subarachnoid Hemorrhage 

Bhuvanesh Govind; Kareem Elzamly; Chunyan Cai; Jude Savarraj; Glenda Torres; Angela Burkett; 

Huimanh A. Choi; Tiffany R. Chang 

University of Texas Health Sciences Center at Houston, Department of Neurosurgery, Houston, TX, 
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Introduction 

Elevated serum chloride has been associated with increased inflammatory markers, worsened systemic 

hypotension, and renal injury. Little is known regarding the effects of hyperchloremia on neurological 

outcomes after subarachnoid hemorrhage (SAH). 

Methods 

We reviewed prospectively collected data on adult patients who were admitted for spontaneous SAH 

from 2012 to 2016. Chloride values were examined on days 1-5. Hyperchloremia was defined as serum 

chloride of 110 mEq/L or greater. The primary outcome was delayed cerebral ischemia (DCI). Secondary 

outcomes included hospital mortality and 3 month modified Rankin scores (mRS). Chi-square test and 

two sample t-test were employed to assess DCI and 3 month mR

analyze hospital mortality. 

Results 

217 SAH patients were included in the analysis, 61 (28%) developed DCI and 156 (72%) did not. Patients 

with DCI had higher rates of hyperchloremia on day 3 (71% vs. 49%, p=0.005), day 4 (59% vs. 40%, 

p=0.01), and day 5 (51% vs. 25%, p<0.001) than patients without DCI. After controlling for age, Hunt and 

2.16, p=0.03) and day 5 (OR 2.40, p=0.01) were associated with higher likelihood of experiencing DCI. 

Good functional outcome (mRS 0-2) was seen in 119 of 158 patients (75%) at 3 months. Rates of 

hyperchloremia were significantly lower in the good outcome group at all time points. After multivariate 

analysis, hyperchloremia on day 2 (OR 0.24, p=0.006), day 3 (OR 0.07, p<0.001), day 4 (OR 0.2, p=0.0030, 

and day 5 (OR 0.15, p<0.001) were independently associated with decreased odds of good functional 

outcome at 3 months. 

Conclusions 

Early hyperchloremia was associated with DCI and worse functional outcomes from SAH. The impact of 

chloride load and fluid management strategy on SAH outcomes warrants further investigation. 
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Steroids Have Limited Effects on Headache in Aneurysmal Subarachnoid Hemorrhage Patients 

Matthew N. Jaffa; Nikhil M. Patel; Michael J. Armahizer; Gunjan Y. Parikh; Wan-Tsu W. Chang; Melissa 

Motta; Neeraj Badjatia; Nicholas A. Morris 

University of Maryland School of Medicine, Program in Trauma, Department of Neurology, Baltimore, 
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Introduction 

Headache is the most common complaint of patients presenting with aneurysmal subarachnoid 

 

an efficacious adjuvant therapy in the management of SAH-induced headache. 

Methods 

We performed a retrospective chart review of patients treated for SAH in the neurocritical care unit at a 

eceived steroids. Dexamethasone 

(4 mg every 6 hours) is typically administered for 1-2 days in patients with headache refractory to 

acetaminophen and oxycodone. Nursing documented numeric (0-10) pain scores were collected every 

two hours. We used paired t-tests to compare mean, maximum, and minimum daily pain scores on the 

day before and during steroid administration. We used multivariate analysis to assess for factors 

associated with steroid responsiveness, defined as an improvement of 1 or more points in mean daily 

pain score. 

Results 

There were 51 steroid treatment periods among 40 patients (75% female, mean age 54 ± 11.8, median 

Hunt- -two (43%) were classified as steroid 

responsive. Mean daily pain scores decreased by 0.9 points (p = .01) during steroid administration. 

Responders reported higher pre-treatment pain scores (5.6 vs 3.5, p = .009) and demonstrated greater 

decrease in mean pain scores (3.1 vs -.9 points, p < .001). There was no decrease in mean pain scores 

during the two days following therapy. In multivariate analysis, there was a weak signal that patients 

who underwent surgical clipping were more likely to have steroid responsive headaches (OR 16.8, 95 % 

Confidence Interval 1.1 – 266.9). No other demographic or clinical characteristics were associated with 

steroid responsiveness. 

Conclusions 

A subset of patients with SAH induced headache may have a favorable, transient response to steroids.  

tterns and influence on opioid requirements. 
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Intraventricular Milrinone Use for the Treatment of Cerebral Vessel Vasospasm following Aneurysmal 

Subarachnoid Hemorrhage 

Meghan Purohit; Christine Ahrens; Christopher Newey; Dhimant Dani; Naresh Mullagari; Mark Bain; 

Pravin George 

Neurological Institute, Cleveland Clinic, Cleveland, OH, United States 

 

Introduction 

Cerebral vessel vasospasm (CVV) is a feared complication following aneurysmal subarachnoid 

hemorrhage (aSAH). There has been an association between CVV and delayed cerebral ischemia which 

accounts for a great deal of morbidity and mortality following aSAH. Though the majority of patients 

with CVV respond to blood pressure augmentation, many patients go on to develop delayed ischemic 

neurologic deficits despite aggressive therapy. There is some suggestion in the literature that 

intraventricular milrinone (IVM) may be useful in the treatment of CVV. 

Methods 

Retrospective case series of 28 patients with aSAH that were treated with one or more doses of 0.87mg 

index (PI) and frequency of intraventricular milrinone dosing was collected. All patients were treated at 

Cleveland Clinic in the Neurologic Intensive Care Unit between 2016 and 2018. Paired t-test analysis was 

 

Results 

Patients in our cohort were dosed with IVM between 1 and 30 times. There were no significant 

differences 

territory. There was also no effect of IVM on CVV over time. There were no direct complications 

secondary to IVM in these patients. 

Conclusions 

Based on our results, IVM was non-therapeutic for the treatment of CVV in patients with aSAH. Our data 

be conducted to evaluate the safety and efficacy of this treatment. Our retrospective analysis suggests 

that the use of intraventricular milrinone may be non-therapeutic for the treatment of CVV. 
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The Modified Fisher Scale Lacks Inter-Rater Reliability 

Christopher Melinosky; Nicholas A. Morris  

Lehigh Valley Health Network, Department of Neurology, Allentown, PA, United States 

 

Introduction 

clinical and research tool for risk-

element by the National Institute of Neurological Disorders and Stroke SAH Working Group. There are 

few data assessing the  

Methods 

We distributed a survey to a convenience sample of attending physicians that care for patients with 

questions regarding the definitions of the scale components (thin vs. thick, intraventricular blood vs no 

to determine the overall inter- ing. 

Results 

Thirty-three respondents (100% neurocritical care fellowship trained, 79% UCNS certified in neurocritical 

care, 84.8% neurologists, median 4 years (IQR 2-6) in practice, treating median of 75 patients (IQR 50-

100) with SAH annually from 19 institutions) completed the survey. Twenty-three (69.7%) reported 

r 

measurement of thin vs. thick blood, and 42.4% correctly identified that blood in any ventricle is scored 

-0.072) for the 15 CT scans, which is 

considered poor agreement. 

Conclusions 

Agr

regarding the definitions of the score components. The National Institute of Neurological Disorders and 

Stroke SAH Common Data Elements may require further clarification in order to standardize research in 
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Intrathecal Nicardipine is Safe and Effective in Lowering Mean Arterial Velocities in Patients with Post 

Subarachnoid Hemorrhage Cerebral Vasospasm – A Retrospective Analysis 

Ofer Sadan; Chen Feng; David Pearce; Jacqueline Kraft; Cederic Pimentel; Subin Mathew; Feras Akbik; 

Lisa Danylik; Kathleen S. Martin; Krista Garner; Jeniffer Kolenda; Amit Pujari; Yajun Mei; William Asbury; 

Owen Samuels 
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Introduction 

Cerebral vasospasm leading to delayed cerebral ischemia (DCI) is one of the most significant factors 

impacting functional outcome following subarachnoid hemorrhage (SAH). Although vasospasm is 

prevalent in this population, treatment options are limited. In recent years, several published case series 

have reported a positive effect of intrathecal (IT) Nicardipine for the treatment of vasospasm. We now 

report a single center one year retrospective cohort  experience with intrathecal (IT) Nicardipine for the 

treatment of cerebral vasospasm following SAH. 

Methods 

All patients discharged in 2017 with a diagnosis of non-traumatic SAH, either aneurysmal or idiopathic, 

were included in the analysis. Demographics, risk factors, clinical course, radiological DCI and functional 

outcome were analyzed. 

Results 

During 2017, 199 patients were admitted with aneurysmal (n=146) or idiopathic (n=53) SAH. The mean 

age was 55.5±13.9 and 64.8% were women. Low grade hemorrhage (H&H1-2) was found in 39.7%, 

medium (H&H3) in 37.7% and high grade (H&H4-5) in 22.6%. Cerebral vasospasm was diagnosed in 

41.2% of the patients, and IT nicardipine was used in 83% of these patients (n=68). Only 8.5% of the 

patients required angiography to treat vasospasm. TCD data was available for 52 patients who received 

IT Nicardipine. Treatment reduced mean velocities in all arteries within one day (reduction of 6.6-15.6%, 

p<0.01). This effect remained through the treatment, until the vasospasm resolved. One patient 

suffered from bacterial ventriculitis. The overall rate of radiological DCI, as found in a blinded post 

treatment assessment of patients’ imaging, was 10.6%. In this cohort, 50.8% had a favorable functional 

 

Conclusions 

IT Nicardipine is a safe and potentially effective treatment for cerebral vasospasm and prevention of the 

subsequent ischemic changes. We are currently expanding the analysis to prior years, however, future 

prospective controlled trials are still needed to evaluate the safety and efficacy of this treatment. 
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Cisternal Drainage for the Management of Aneurysmal Subarachnoid Hemorrhage 

Joel Kaye; Igor Rybinnik; Ram Gowda; Gaurav Gupta; Roger Cheng 

Rutgers Robert Wood Johnson Medical School, Department of Neurology, New Brunswick, NJ, United 

States 

 

Introduction 

Patients remain at high-risk for vasospasm, delayed cerebral ischemia (DCI), and hydrocephalus after 

diversion is often necessary in ma

additional benefit over standard management by facilitating intracranial blood clearance and decreasing 

rate of vasospasm and DCI, albeit with a possible increased risk of shunt dependency in historical 

studies. In this study, we assessed safety outcomes among patients who underwent this procedure. 

Methods 

Retrospective review of outcomes in pa

cisternal drain placement at a single institution. 

Results 

Between 2013-

drain placement. The median Hunt-Hess score was 2, but the study population skewed towards large 

drain dwell duration was 7.4 days. Radiographic vasospasm occurred in all but one patient (97.5%) and 

developed meningitis/ventriculitis, none fatal. The mean length of stay in the ICU was 16.3 days. Sixteen 

patients (42.1%) were discharged home, twenty-one to acute rehab (55.3%), one to subacute rehab 

(2.6%), and two died (5%). Among survivors, shunt-dependency occurred in 5/38 (13.2%), compared to 

the 5.3%-33.9% range reported in prior literature. 

Conclusions 

In the study population, cisternal drains appear to be safe as measured against historical cohorts, with 

comparable or lower shunt-dependency rates. This suggests the viability of further prospective studies 

to determine the appropriate population for and role of cisternal drainage in the management of aSAH. 
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Clinical Seizures During Hospitalization Related to Poor Clinical Outcomes in aSAH Patients 

Eric Bershad; César E. Escamilla-Ocañas; Gabriel Torrealba-Acosta; Asim Naveed; Maria A. Parekh; 

Barbara L. Gutierrez-Flores; Emilia Jobe; Yasir Saleem; Rahul Damani; Chethan P. Venkatasubba Rao 

Department of Neurology, Division of Vascular Neurology and Neurocritical Care, Baylor College of, 

Houston, TX, United States 

 

Introduction 

Estimates of seizure onset after aneurysmal subarachnoid hemorrhage (aSAH) vary widely, reported 

rates range from 1% to 28%. Moreover, seizures increase mortality and disability in patients with aSAH 

regardless of common aSAH complications such as: rebleeding, delayed cerebral injury and vasospasm.  

We sought to establish the frequency of seizures in aSAH patients, along with their impact over 

prognosis, during hospitalization and upon discharge. 

Methods 

A retrospective review of consecutive patients with aSAH admitted to the Baylor St. Luke’s Medical 

center between January 2008 and December 2012 was conducted. Subject demographics, admission 

GCS, admission mRS, incidence of clinical seizures and clinical outcome at discharge were recorded. 

Associations between the presence or absence of clinical seizures and outcome, measured by the 

Glasgow Outcome scale (GOS), were investigated using a multivariate logistic regression model. 

Results 

226 patients with aSAH were included. Clinical seizures were identified in 7 subjects (3.1 %). Outcome 

was significantly worse for subjects who experienced a clinical seizure compared to subjects who 

remained seizure-free during hospitalization, poor outcome (GOS<4) was found on 71.4 % and 31 % 

respectively (OR 6.01, 95 % CI [1.03-34.94]; p=0.04) This increased risk was significant after controlling 

hospice, death) was more common for the seizure group compared to the seizure-free group, 57.1 % vs 

27.2 % respectively, however this difference did not reach significance (OR 3.89, 95 % CI [0.74-20.64]; 

p=0.11) 

Conclusions 

Our results showed a low frequency of clinical seizures (3.1%) after aSAH, when compared to other 

series that have identified an increased incidence of seizures through multimodal approaches. 

as indexed by GOS, along with a non-significant trend towards an unfavorable discharge disposition, 

among patients with seizures. 
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Quantitative Volumetric Analysis by MR Perfusion Predicts Symptomatic Cerebral Proximal Artery 

Vasospasm in Aneurysmal Subarachnoid Hemorrhage 

Kassi Kronfeld; Vivek Patel; Michael Mlynash; Soren Christensen; Kasra Khatibi; Eric Sussman; Karen 

Hirsch; Gregory W. Albers; Jeremy J. Heit 
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Introduction 

Vasospasm and delayed cerebral ischemia (DCI) account for 30% of the morbidity and mortality after 

aneurysmal subarachnoid hemorrhage (aSAH). Perfusion CT has been shown to be useful in identifying 

vasospasm, but this technique is less sensitive to microvascular perfusion changes. MR perfusion (MRP) 

has been increasingly used in the acute ischemic stroke population and avoids ionizing radiation. We 

hypothesized MRP may predict the presence of vasospasm by providing measures of impaired cerebral 

perfusion. 

Methods 

We performed a retrospective cohort study with consecutive aSAH patients between December 2012 

and August 2015. Patients who underwent MRP for concern of DCI followed by digital subtraction 

angiography (DSA) within 24 hours were included. Quantitative volumetric analysis was performed at 

several thresholds of cerebral 

for the presence of a Tmax>6 lesion. Exact Wilcoxon Rank Sums test was used to compare perfusion 

volumes between patients treated endovascularly versus not treated for vasospasm. 

Results 

We identified 22 patients with a total of 26 MRI studies meeting inclusion criteria (17 patients treated, 9 

patients not treated). No Tmax>6s hypoperfusion lesion was identified in the untreated group, while 

10/17 (59%) of the treated patients had at least some delay of Tmax>6s (p=0.009). Performance of MRP 

to detect vasospasm was sensitivity 0.59 (95%CI 0.33-0.81), specificity 1.0 (95%CI 0.63-1.0), PPV 1.0 

(0.66-1.0), NPV 0.56 (95%CI 0.31-

requiring treatment for vasospasm. 

Conclusions 

Significant perfusion delay by Tmax >6s is present in patients requiring endovascular vasospasm 

treatment after aSAH. These results suggest that MRP may be a useful tool for patient triage for 

vasospasm therapy, and further studies are indicated for comparison to other screening methods for 

vasospasm. 
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Changes in Neutrophil-to-lymphocyte Ratios in Aneurysmal Subarachnoid Hemorrhage Patients 

Treated with Targeted Temperature Management 

Moon-Ku Han; Seung Bin Kim; Han-Gil Jeong; Sukyoon Lee; SeongHwa Jang; SangWon Han; Young Joo 

Song; JaeSeung Bang; 

Seoul National University Bundang Hospital, Seongnam, Korea 

 

Introduction 

Recent studies have suggested inflammation and immune dysregulation are important pathophysiology 

in aneurysmal subarachnoid hemorrhage (aSAH), and neutrophil to lymphocyte ratio (NLR) was 

considered as significant clinical predictor of unfavorable outcome including delayed cerebral ischemia 

(DCI). We analyzed NLR of aSAH patients during TTM, and proposed that the changes in NLR may reflect 

therapeutic effect of TTM in aSAH. 

Methods 

This retrospective single-center study included 50 aSAH patients from November 21, 2013 to May 30, 

2018, among which 25 patients underwent TTM after surgical procedures, and other 25 patients didn’t 

undergo TTM. Target temperatures were 33.5°C to 35°C and the durations of TTM were 2 to 10 days. 

We reviewed the changes of NRL of each patient during TTM and identified whether they had DCI, and 

analyzed in-hospital outcome and 3-month outcome as measured by the modified Rankin Scale (mRS). 

Results 

There was no statistically significant difference of overall outcome between TTM group and non-TTM 

group, but TTM group showed slightly lower rate of DCI and better functional outcomes. Among the 

patients, patient who developed DCI had higher NLR, and the decreasing rate of NLR was higher in TTM 

group than non-TTM group. 

Conclusions 

Higher decreasing rate of NLR in aSAH patients while undergo TTM may show the therapeutic effect of 

TTM. Monitoring the trend of NLR value may be helpful in predicting the prognosis of aSAH patient and 

estimate the efficacy of TTM for individual patient. Eventually, NLR may play important role in deciding 

practice strategy while treating TTM in aSAH patients. 
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Episode of Transient, Spontaneously Resolving Obstructive Hydrocephalus Requiring No Intervention 
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Division of Neurosurgery, Neurosciences Institute, SIU School of Medicine, Springfield, IL, United States 

 

Introduction 

Hydrocephalus is generally regarded as a progressive or static process, but there are few reported cases 

of transient obstruction of the ventricular system. Here, the authors present a rare case of spontaneous 

symptomatic obstructive hydrocephalus that self-resolved. Additionally, a brief review of the literature 

is performed. 

Methods 

Records of the patient presented were reviewed in a retrospective manner for all relevant information.  

PubMed was then searched for all relevant articles. 

Results 

Here, we discuss the case of a gentleman in his late 80’s who presented with worsening confusion and 

lethargy in the setting of spontaneous subarachnoid and intraventricular hemorrhage. Pre-hospital 

medication includes a daily fish oil supplement; he takes no anticoagulation or antiplatelet agents. 

Approximately one year prior to admission, he experienced an episode of spontaneous left temporal 

intracerebral hemorrhage. This was attributed to amyloid angiopathy, as evidenced by multiple 

microbleeds observed on susceptibility weighted imaging at that time. The patient's neurocognitive 

status steadily declined admission, and he eventually became obtunded. In the process of transferring 

the patient to the intensive care unit for intubation and external ventricular drain placement, he 

suddenly became more awake and interactive. The patient’s clinical symptoms completely resolved 

within 2-3 hours. No surgical intervention was undertaken. Repeat Head CT demonstrated that blood 

products seen in the third ventricle on previous imaging had now migrated into the fourth ventricle. 

Lateral ventricular size had decreased from the prior scan. The following morning, his family members 

commented that the patient was back to his baseline. 

Conclusions 

Transient episodes of obstructive hydrocephalus have rarely been reported in the literature, and are 

generally associated with an inciting event such as trauma or hemorrhagic stroke. It is possible that 

there is a higher incidence of transient hydrocephalus, but medical/surgical interventions are performed 

before the condition is permitted to resolve on its own. 
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Evaluation of Scheduled 23.4% Sodium Chloride for Intracranial Pressure Management in the Setting 

of Subarachnoid Hemorrhage 

Kent Owusu; Lina Saliba; Nicholas Defilippo; Abdalla Ammar; Mahmoud Ammar; Rachel Beekman,  

Yale New Haven Hospital, Department of Pharmacy, New Haven, CT, United States 

 

Introduction 

Raised intracranial pressure (ICP) can be a dire consequence of extensive neurologic injury. Medical 

management of elevated ICP using intermittent doses of 23.4% hypertonic saline (HTS) and/or mannitol 

is relatively safe and effective for treating refractory intracranial hypertension. At our institution, prior 

to escalating to sedation and paralysis, HTS and mannitol are scheduled. In this study, we aim to 

describe our experience with scheduled 23.4% HTS. 

Methods 

doses of 23.4% HTS during acute admission were included in our retrospective evaluation. Only patients 

who received scheduled 23.4% for anticipated or acute elevated ICP in the setting of high-grade 

subarachnoid hemorrhage (SAH) were included. The primary outcome was to characterize efficacy of 

sustained ICP control, by measuring frequency of ICP >25 mmHg and need for escalation of ICP 

management. Safety outcomes included incidence of hypernatremia (sodium > 160 mEq) and metabolic 

acidosis. 

Results 

Seven out of 46 (15%) patients who received intermittent scheduled doses of 23.4% HTS were in the 

setting of high-

were greater than 25 mmHg and no patients required escalation of ICP management for the duration of 

therapy. The median number of doses and duration of 23.4% HTS therapy were 11 doses (IQR 8.5 – 20) 

and 7 days (IQR 5.9 – 

than 160 mEq and 2 patients (30%) developed metabolic acidosis in the setting of hyperchloremia. 

Conclusions 

Administration of scheduled intermittent 23.4% HTS in the setting of high-grade SAH is relatively safe 

and achieves sustained ICP control without need for escalation of ICP management. Comparative studies 

of scheduled intermittent 23.4% HTS vs alternative medical therapies for ICP management are 

warranted. 
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Pseudo-subarachnoid Hemorrhage and Contrast Induced Encephalopathy after CT Myelogram: A 

Clinical Quagmire 

Maria Shoaib; Debarti Ray; Ahmed A. Cheema; Bappaditya Ray 
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Introduction 

Use of contrast-enhanced computed tomography (CT) studies to evaluate neurological disorders have 

increased due to its non-invasiveness, fast image acquisition, easy accessibility, and minimal 

complications. One such procedure is CT myelogram that delineates the extent of spinal stenosis and 

helps in neurosurgical planning. However, it can result in intracranial migration of contrast medium 

leading to contrast-induced-encephalopathy (CIE). 

Methods 

We report 2 cases mimicking as subarachnoid hemorrhage after CT myelogram who subsequently 

developed CIE. 

Results 

Case 1: A 68-year-old man with chronic low back pain (cLBP) was evaluated for confusion, headache due 

to “intracranial bleed”. CT showed diffuse cerebral edema and hyperdensity in the subarachnoid space. 

External ventricular drain (EVD) was placed for suspected post-SAH hydrocephalus. However, CT and CT 

angiogram did not show any cerebrovascular malformation. The patient developed severe 

encephalopathy and left hemiparesis. Repeat CT head showed worsening cerebral edema and 

hours prior to presentation. Severe cerebral edema and left hemiparesis necessitated the use of 

dexamethasone with improvement in clinical symptoms and examination returning to near baseline. 

Case 2: A 64-year-old man with cLBP was admitted for “SAH” and associated cerebral edema with 

hydrocephalus. The initial presentation was confusion, double vision, and headache. CT showed diffuse 

cerebral edema with sulcal effacement, loss of basal cisterns and dilated lateral ventricles. CT and CT 

angiogram did not show a

days prior to presentation. EVD placed for hydrocephalus was quickly weaned off the improvement of 

ventriculomegaly. The patient was discharged with complete resolution of symptoms. 

Conclusions 

CIE should be suspected in patients with encephalopathy after CT myelogram. Non-contrast CT head is 

to be interpreted in conjunction with clinical history to avoid unnecessary procedures that might further 

worsen CIE. 
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Clinical and Electrographic Predictors of Medication Responsiveness in Acute Brain Injury 
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Introduction 

Seizures and ictal-interictal continuum (IIC) activity may impact recovery from acute brain injury (ABI). 

Empiric antiepileptic drug (AED) intensification for electrophysiologic activity of uncertain significance is 

challenging to evaluate given structural neurologic deficits, variable pharmacodynamics, and potential 

sedative effects. We analyzed the EEG and electronic medical records to identify electrographic 

biomarkers predicting clinical response to AED therapy. 

Methods 

We ascertained patients undergoing continuous electroencephalography (cEEG) during admission for 

ABI from a prospective big data repository of clinical data including regularly sampled Glasgow Coma 

Scale (GCS) scores and med -specific spectral power 

(alpha 8-13 Hz, theta 4-7 Hz, and delta 0.5-4 Hz) and graph theoretical metrics of EEG functional 

connectivity were compared at time intervals before and after AED therapy. 

Results 

308 patients met inclusion criteria. 9,291 AED doses were administered (mean 1.64 +/- 0.96 unique 

AEDs per patient). Initiating the first AED was followed by a 0.44-point average improvement in GCS 

(p=4.32 x10-7); initiating a second or third AED yielded no significant change, and adding a fourth, fifth, 

or sixth AED was followed by a 0.69-point worsening in GCS (p=0.044). Improvement in GCS 6 hours 

after AED administration was heralded by decline in EEG delta power and rise in network density in the 

hour following treatment. Decline in GCS was heralded by an early rise in delta power and decline in 

network density. Patients with the highest tertile of EEG improvement (greatest combination of rising 

EEG density and declining delta power) had a consistently improving GCS trajectory in the 48 hours 

following medication administration, whereas those in the lowest tertile had a consistently worsening 

GCS trajectory. 

Conclusions 

Empirically intensifying AED treatment for disorders of consciousness after ABI has diminishing benefit 

after the initial agent. Quantitative EEG biomarkers of early treatment response appears to robustly 

predict clinical response following AED treatment. 
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New-onset “Super” Refractory Status Epilepticus: A Single-center Retrospective Study 
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Kiran Thakur 

Columbia University Irving Medical Center, New York, NY, United States 

 

Introduction 

New-onset refractory status epilepticus (NORSE) describes patients with no seizure history who develop 

refractory status epilepticus (SE). The majority progress to super refractory status epilepticus (SE).  We 

present a single-center case series of super refractory NORSE patients to highlight unique features of 

this group. 

Methods 

Retrospective chart review was performed to identify adults (age>18) admitted to the Columbia 

University Neurological ICU from 2/2009-2/2016 who required continuous midazolam infusions for 

treatment of super refractory NORSE. Outcome was defined as modified Rankin Score (mRS) at hospital 

discharge. Descriptive statistics were performed using Microsoft Excel. 

Results 

Of the 27 cases, 96%(n=26) had a prodrome prior to seizures (infectious, psychiatric or both). Patient 

age was bimodally distributed with 56%(n=15) less than 30 years old and 37%(n=10) over 50. The most 

common comorbidity was an underlying autoimmune/rheumatologic condition (22%,n=6), though most 

patients had no pre-existing conditions (41%,n=11). The average STESS score was 3 (standard deviation 

1.0). The majority (77%,n=21) remained cryptogenic despite extensive testing. Etiologies were identified 

in 22%(n=6) – 4 with NMDA encephalitis and two with CNS infections. Immunomodulatory treatment 

included steroids in 59%(n=15, started on average 6 days from seizure onset, range 0-30), intravenous 

immunoglobulin in 41%(n=11, day 16, range 1-50) and plasmapheresis in 41%(n=11, day 10, range 3-13). 

The average ICU and hospital stays were 33 (range 2-150) and 55 (range 7-200) days, respectively. On 

discharge, 7%(n=2) had a good outcome (MRS 0-1), 19%(n=5) had fair outcome (MRS 2-3), 52%(n=14) 

had poor outcome (MRS 3-5) and 22%(n=6) died. 

Conclusions 

Compared to prior studies of all NORSE patients, our cohort with super refractory SE were younger, had 

more frequent prodrome, longer ICU and hospital stays and fewer identified auto-

immune/paraneoplastic antibodies. The mortality rate was similar to prior studies, but among survivors, 

super refractory patients were less likely to have a good or fair outcome. 
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Management Of Refractory Status Epilepticus: An International COhort study (MORSE CODe) in 

Developing and Developed Economies 

Jan Claassen; Wei-Ting Chiu; Vanessa Campozano; Alois Schiefecker; Dannys Rivero Rodriguez; Nivea 

Melo; Sinead Zeidan; Yao-Hsien Huang; Kevin Doyle; Amy Headlee; Sara E. Hocker; Chien-Tai Hong;, 

Benjamin Rohaut;,Sophie Demeret; Pedro Kurtz; Nelson Maldonado; Raimund Helbok; Telmo Fernandez; 

Columbia University, New York, NY, United States 

 

Introduction 

We aimed to assess the management of refractory status epilepticus (RSE) in developing (DING) and 

developed (DEV) economies, as the management of this condition is resource intense and poorly 

standardized. 

Methods 

Investigators from 4 continents collected a large cohort study of RSE patients treated between 01/2015-

12/2018. Case-report-forms were finalized at the 2018 annual NCS meeting. RSE was defined as SE that 

failed to respond to a benzodiazepine and at least one non-anesthetic antiepileptic agent, and was 

managed with midazolam (MDZ) or propofol(PRO). The 2018 United Nations World-Economic-Situation-

Prospect was used to identify sites as being from DEV or DING economies. 

Results 

four from DEV (237 patients) economies were included. Patients 

from DEV economies were slightly sicker (STESS score 3.1±1.3 vs. 2.9±1.2, p<0.05). Management of 

patients from DEV economies more frequently involved prolonged EEG monitoring (continuous 77% vs. 

23%, p<0.05) but MDZ (0.5±0.7 vs. 2.0±1.6 mg/kg/h) and PRO (37±24 vs. 75±52 mcg/kg/min, p<0.05) 

doses were higher in DING economies. Breakthrough seizures were more common in DING (36% vs. 

53%, OR 2.1, P=0.003), but no difference in vasopressor use (64% vs. 57%; N.S.) or withdrawal seizures 

(22% vs. 31% N.S.) was seen. Hospital (32±31 vs. 54±83 days, P<0.001) and ICU stays (17±21 vs. 31±26 

days, P<0.001) were longer for patients in DING economies. Modified Rankin Scale at discharge was 

associated with higher STESS scores (P=0.003) but did not differ between DING and DEV economies. 

Conclusions 

Direct comparisons between RSE patients managed in DING and DEV economies are challenging as the 

baseline level of illness differed but this dataset provides unique insights into differences in utilization of 

technology (i.e., EEG monitoring), medications (duration and dosage of anesthetics), and length of stay 

in different health care systems. Larger follow-up studies need to explore matched cohorts and explore 

differences between private-public hospital settings. 
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Ketamine Use for the Treatment of Refractory Status Epilepticus 

Ayham Alkhachroum; Caroline Der-Nigoghossian; Elizabeth Mathews; Nina Massad;, Riva Letchinger; 

Wei-Ting Chiu; Angela Velazquez; Anna Calderon; Jennifer Egbebike; David Roh; Sachin Agrawal; Soojin 

Park; E. Sander Connolly; Jan Claassen 

Columbia University- Neurocritical Care, New York, NY, United States 

 

Introduction 

Unlike most anesthetics ketamine acts as an NMDA antagonist. We examine the efficacy of intravenous 

ketamine in the treatment of RSE in a large series. 

Methods 

Retrospective case series of 68 status epilepticus patients admitted between 2009 and 2018 who 

underwent treatment with ketamine, 4 patients underwent multimodality monitoring (MMM). We 

compared patients with complete seizure cessation after ketamine with those without using chi-square 

and 2 sample t-test. 

Results 

Mean age was 53 +/- 18 years old, 46% of patients were female. Seizure burden was decreased by 50% 

within 24 hours of starting ketamine in 55 patients (81%), with complete cessation in 43 (63%). Average 

rate of ketamine infusion was 2.2 +/- 1.8 mg/kg/h, with duration of 3.6 +/- 3.9 days. Average dose of 

midazolam was 1 +/- 0.8 mg/kg/h. Ketamine was started on average 1 +/-3 day after midazolam.  

Patients without complete seizure control after initiation of ketamine (25/43 patients) were more 

commonly cardiac arrest patients 36% vs 21% (p=.17), and had lower STESS score 3 +/- 1 vs 4 +/-1 

(p=.03). All other characteristics were not statistically significant between the two groups including; age, 

gender, ketamine infusion dosages and duration, APACHE score, and midazolam infusion dosages. 8 

patients (12%) were weaned off pressors after initiating ketamine infusion. When compared the MMM 

values 24h before and after ketamine initiation, intracranial pressure values (8 +/- 4 vs 10 +/- 5), 

cerebral perfusion pressures (73 +/- 14 vs 72 +/- 13), cerebral blood flow (24 +/- 3 vs 21 +/-9), and 

Lactate/pyruvate ratio (45+/- 21 vs 45 +/- 12) were relatively stable. PbO2 values increased from 7 +/- 

1.5 to 17 +/- 7. 

Conclusions 

In our cohort ketamine infusion had a meaningful decreased in seizure burden in RSE. Our preliminary 

data also suggests that Ketamine infusion didn’t affect the intracranial pressure. 
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Yield of Continuous Electroencephalography in Acute Ischemic Stroke 

Eric C. Lawson; Polly Kumari; Valerie Jeanneret; Dhaval Desai; Zubeda Sheikh; Hiba A. Haider; Andres 

Rodriguez; Monica B. Dhakar 

Emory University School of Medicine Department of Neurology, Atlanta, GA, United States 

 

Introduction 

Continuous EEG (cEEG) is widely used to detect seizures (SZ) in patients with acute brain injury. 

However, studies examining SZ and epileptiform abnormalities (EA) using cEEG in acute ischemic stroke 

(AIS) are limited. Therefore, we aimed to describe the prevalence of electrographic patterns (SZ and EA) 

in AIS and its association with outcomes at discharge. 

Methods 

Retrospective chart review identified 94 patients with AIS who underwent cEEG between 1/2018 and 

1/2019. Demographics, comorbidities and other relevant clinical factors including NIH stroke scale 

(NIHSS) and treatment interventions were abstracted. cEEG closest to admission (median 2 days) was 

reviewed for background, SZ and EA (lateralized and periodic discharges (LPDs and GPDs) lateralized 

rhythmic delta activity (LRDA) and sporadic epileptiform discharges (sEDs). Computed tomography or 

magnetic resonance imaging of brain closest to the time of cEEG was analyzed for midline shift, 

hemorrhagic transformation (HT) and cortical involvement. Outcomes measures were mortality and 

functional outcome in modified Rankin scale (mRS) (0-2 good and >2 poor outcome) at discharge. 

Results 

Of the 94 patients, 4 had SZ and 31 had EA (18.1% LPD, 8.5% LRDA, 9.6% GPDs and 3.2% sEDs). Those 

with cortical involvement had higher rate of EA and Sz compared to those with subcortical stroke (85.3% 

vs 60.0%, p=0.011). No difference was found in SZ and EA prevalence with regards to age, sex, NIHSS, 

midline shift or HT. Overall mortality was 29.8%. Absence of posterior dominant rhythm (PDR) was 

associated with increased mortality (85.7% when PDR absent vs 56.1% when present, p=0.009). SZ and 

EA did not affect mortality or mRS at discharge. 

Conclusions 

Despite high frequency of EA (33%), the risk of SZ in AIS was low at 4.3 % and their presence did not 

impact functional outcome or mortality. However, EEG background with absence of PDR was associated 

with increased mortality. 
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Analysis of an Automated Seizure Detector Compared to Continuous EEG Review for Nonconvulsive 

Seizure Detection in the Neuroscience ICU 

Safa Kaleem; Saurabh R. Sinha; Michael W. Lutz; Christa B. Swisher 

Duke University School of Medicine, Durham, NC, United States 

 

Introduction 

Nonconvulsive seizures (NCS) are a common complication in patients admitted to Neuroscience 

Intensive Care Units and are associated with worse outcomes. NCS can only be diagnosed with 

continuous EEG (cEEG) monitoring. Intermittent conventional cEEG review by neurophysiologists 

typically occurs 2-3 times a day, therefore patients may be seizing for extended periods of time before 

the seizure is detected. Our study aims to evaluate the accuracy of a quantitative EEG (qEEG) trend, the 

Automated Seizure Detector (ASD) in detecting patients’ first seizure, which could aid in rapid detection 

of NCS. 

Methods 

This retrospective study includes review of cEEG and qEEG data from adult patients admitted to a single 

institution Neuro ICU who developed NCS on cEEG monitoring. Independent conventional cEEG review 

without qEEG by two board-certified neurophysiologists determined the first seizure occurrence for 

each patient (gold standard). This was compared to the seizure detection sensitivity of the P12 ASD 

(Persyst, Inc., Prescott AZ), an algorithm with no user-adjustable settings. 

Results 

Recordings from 45 NCS patients were used. Mean age was 61.2 years and 56% was female. Seizures 

had variable durations and spatial extents. The sensitivity of P12 ASD was 77.4% (95% CI 58.5-89.7) and 

specificity was 92.9% (95% CI 64.2-99.6). Mean false alarm rate was 0.17/hour (SD 0.46) in the time 

elapsed from the start of cEEG recording until first seizure occurrence. Overall, P12 ASD accurately 

detected the first seizure in 69% of patients, disregarding false positives. Overall, median time to clinical 

seizure detection was 2.0 hours (IQR 5.5 hours). 

Conclusions 

This analysis shows that the Persyst P12 ASD may have clinically useful sensitivity and specificity in 

critically ill patients admitted to a Neuroscience ICU.  In conjunction with a low false alarm rate, 

incorporation of qEEG ASD may lead to a reduction in time for seizure recognition. 
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The Incidence of Early Seizures in Non-severe Traumatic Brain Injury Patients and the Efficacy of 

Prophylactic Antiepileptic Drugs 

Yasser Khorchid; Juan Goyanes; Fnu Abhi Pandhi; Aman Deep; Igal Mirman; Hallie Kelly; Rashi Krishnan; 

William Mays; Jeffery Metter; Lucas Elijovich; Marc Malkoff; Khalid Alsherbini 

University of Tennessee Health Science Center, Department of Neurology, Memphis, TN, United States 

 

Introduction 

The incidence of early seizures (ES) in traumatic brain injury (TBI) ranges between 1-7%. However, the 

incidence of ES after a non-severe TBI (NSTBI) with traumatic hemorrhage (TH) is unknown. Moreover, 

the data about seizure prophylaxis (SP) in this population remains inconclusive. We aim to determine 

the incidence of ES in NSTBI and the efficacy of SP. 

Methods 

We respectively reviewed all adult patients with NSTBI with evidene of a TH on presentation from 2015 

to 2018. Patients with history of epilepsy or receiving  antiepileptic drugs (AED) were excluded. We 

collected demographic data, the type, severity and mechanism of injury; the need for neurosurgical 

intervention (NSI); ES; and SP use. 

Results 

A total of 633 patients met our inclusion criteria, 94.4% had mild TBI; mean age of 70.5 years (SD 16.9); 

55.3% males; and 49.1% had subdural hematoma (SDH). Same level fall was the most common 

310 (7.1%) patients had an ES in the SP group (16 clinical) vs 5 of 310 (1.6%) in the non-prophylaxis 

group (all clinical) (P = 0.001). Levitiracetam as SP was used in 83.5%. Patients with combined SDH and 

traumatic subarachnoid hemorrhage or with multicompartment hemorrhage were more likely to have 

ES than SDH alone (p = 0.02 and 0.001, respectively). NSI was not a predictor for ES in our cohort. 

Conclusions 

The incidence of ES in NSTBI patients in our cohort falls within the previously reported ragne. however, 

it appears to be higher compared to reported rates for mild TBI.  ES were more likely in the SP group, 

which might indicate a clinical selection bias. Prospective studies are required to further determine the 

predictors of ES and the effect of SP on outcomes in NSTBI patients. 
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Differentiation of Psychogenic Nonepileptic Attacks from Status Epilepticus Among Patients Intubated 

for Convulsive Activity 

Stephan A. Mayer; Tanuwong Viarasilpa; Nicha Panyavachiraporn; Gamaleldin Osman; Gregory Barkley 

, Detroit, MI, United States 

 

Introduction 

Patients with psychogenic non-epileptic attacks (PNEA) sometimes receive aggressive treatment leading 

to intubation. This study aimed to identify patient characteristics that can help differentiate PNEA from 

true status epilepticus (SE). 

Methods 

We retrospectively identified patients with PNEA and SE who were intubated and underwent continuous 

had acute brain injury or progressive brain disease as a cause of status epilepticus were excluded. We 

compared clinical features, treatments and outcome between patients who were intubated for PNEA 

and those who were intubated for SE. 

Results 

Of 1,735 patients who underwent cEEG monitoring, we identified 24 and 124 patients intubated for 

PNEA and SE, respectively. Compared with patients intubated for SE, intubated PNEA patients were 

more likely to (1) be <50 years of age (92% vs 40%, P<0.001), (2) be female (79% vs 39%, P<0.001), (3) be 

white (91% vs 29%, P<0.001), (4) have a history of a psychiatric disorder (88% vs 25%, P<0.001), (5) have 

no history of an intracranial abnormality  (92% vs 38%, P<0.001), and (6) have a maximum systolic blood 

pressure <140 mm Hg (67% vs 16%, P<0.001).  Patients with 0-2 of these risk factors had a 0% (0/88) 

likelihood of having PNEA, those with 3-4 had a 15% (6/39) chance of having PNEA, and those with 5-6 

had an 86% (18/21) chance of having PNEA. Sensitivity for PNEA among those with 5-6 risk factors was 

75% and specificity was 98%. 

Conclusions 

PNEA in patients presenting with emergent convulsive symptoms can be predicted with a high degree of 

certainty based on the presence of specific demographic, past medical, and physiologic risk factors.  

Care should be taken to avoid over-sedation and unnecessary intubation in this at-risk patient 

population. 
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Trends and Predictors of In-hospital Mortality for Status Epilepticus: National Inpatient Sample Study 

2005-2014 

Mohammad Rauf A. Chaudhry; Mohtashim A. Qureshi; Ihtesham A. Qureshi; Harathi Bandaru; Huy 

Nguyen; Mohammad Ghatali; Rakesh Khatri; Anantha R. Vellipuram; Paisith Piriayawat; Alberto Maud; 

Gustavo J. Rodriguez; Salvador Cruz-Floes 

Texas Tech University Health Sciences Center El Paso, El Paso, TX, United States 

 

Introduction 

A recent systematic review indicates that the mortality of status epilepticus (SE) is about 15.9% with a 

non significant downward trend in recent years. Mortality has not changed much despite aggressive 

management. This study investigates trends and predictors of in-hospital mortality due to Status 

Epilepticus at national level in United States. 

Methods 

We performed a cross-sectional analysis using the Nationwide Inpatient Sample (NIS), 2005–2014, of US 

adult hospitalizations with Status Epilepticus. Annual rate of in-hospital mortality was calculated using 

NIS weighting. We identified our Status Epilepticus patient subset from using codes (DX1 = 345.3) from 

the International Classification of Diseases, 9th edition. Potential factors associated with in-hospital 

mortality were assessed using logistic regression. 

Results 

Of 147,548  hospitalized patients with Status Epilepticus, 5,271 (3.57%) died during the index 

hospitalization. Across 2005–2014, 3.57% of SE patients died; with a downward but not statistically 

significant trend in-hospital mortality from 4.28% (2005) to 3.73% (2014) (p = 0.14). SE  patients with in-

hospital mortality were more likely to be women, older, and with a higher proportion of medical co-

morbidities, in-hospital complications and extreme loss of function as per All Patients Refined Diagnosis 

al failure, APR DRG severity, mechanical ventilation, tracheostomy, 

sepsis, pulmonary embolism, acute kidney injury and respiratory insufficiency. 

Conclusions 

Mortality due to SE was lower than previously reported. Mortality has had a non-significant downward 

trend in the years studied. Age, female gender, medical complications and poor baseline functional 

status are important predictors. Availability of aggressive treatment has not modified significantly 

mortality which requires further study. 
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Pregabalin as Adjunctive Treatment for Symptomatic Cyclic Seizures in Neurocritically Ill Patients 

Zachary Newcomer; Katharina Busl; Mitesh Patel; Marc-Alain Babi; Christopher Robinson; Maria 

Bruzzone; Maria Hella; Carolina Maciel 

University , Gainesville,  

 

Introduction 

Pregabalin (PGB) is an approved adjunctive treatment for focal epilepsy in adults. PGB lacks drug-drug 

interactions, has a favorable safety profile and can be rapidly titrated—attractive characteristics for its 

use in the neurocritically ill. However, data remain limited regarding its use in the ICU setting. We are 

sharing our experience with PGB in neurocritically ill patients with refractory seizures. 

Methods 

Charts of eight adult patients admitted 

received PGB were reviewed retrospectively. Demographics, antiseizure drug (ASD) regimen, and 24h of 

EEG data pre- and post-PGB were analyzed descriptively. 

Results 

The cohort comprised eight patients (4 females) with mean age of 68.5 years. Mean ICU stay was 9.1 

days. Three patients underwent a neurosurgical procedure related to their primary admission diagnosis, 

an ASD prior to first seizure captured on EEG. Prior to PGB, patients had failed on average 3 (2-4) other 

ASDs trials. PGB was dosed 300-400mg/day in 2-4 divided doses, following a load of 75-300mg. PGB lead 

to a significant reduction on hourly median seizure burden: 5.1 to 1 seizure/h and 5.3 to 0.97 min/h. 

PGB led to complete seizure cessation in 4 patients within 24h and in 6 out of 8 within 48h of 

administration. PGB allowed for de-escalation of ASD regimen in 5 out of 8 patients. PGB was well 

tolerated with the exception of mild sedation in 3 patients, which did not warrant further 

intervention/neurodiagnostics. 

Conclusions 

In this critically ill cohort with refractory seizures, PGB successfully aborted seizures in 75% of patients. 

include prospective pregabalin treatment protocols. 
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Successful Treatment of Super Refractory Status Epilepticus with ECT in Pregnancy 

Klepper Alfredo Garcia; Laveena Singla; Debra Moore-Hill; Peter Rosenquist; Manan Shah 

Augusta University - Department of Neurology / Neurocritical Care Division, Augusta, GA, United States 

 

Introduction 

To describe the first known reported case of utilization of Electroconvulsive therapy (ECT) to treat super 

refractory status epilepticus (SRSE) in pregnancy. 

Methods 

We present the case of a 21 year old Caucasian female at 8 weeks gestation with PMH focal and 

generalized seizures who was treated for SRSE successfully with ECT after failed pharmacological 

treatment. The most likely etiology of SRSE was sudden cessation of medications upon pregnancy. EEG 

showed 2 types of seizure activity: rhythmic theta waves over right temporal region with evolution and 

independent generalized seizures. Treatment included use of approximately 12 antiepileptics including 

, Propofol, Pentobarbital, 

Magnesium, Ketamine, Topiramate and Valproic acid over the course of 30 days in addition to modifying 

epilepticus remained super refractory with appearance of mixture of sharp waves on weaning off 

sedation. She underwent ECT with right unilateral electrode placement on day 31 with remarkable 

improvement in EEG pattern and resolution of SRSE with single session. 

Results 

Patient was back to baseline level of awareness at the time of discharge. On follow up in clinic, she had 

significant improvement in seizure control with normal fetal development and delivery. 

Conclusions 

Treatment of status epilepticus in pregnancy is challenging given the unknown effect of prolonged 

sedation or hypothermia on fetal development. Alternative treatments like ECT, VNS, DBS, ketogenic 

diet and hypothermia are sporadically used. Use of ECT is not considered first or even second line 

treatment in SRSE, despite its safe profile, especially in pregnancy. This case adds to the available 

literature on the success of ECT for treatment of SRSE and puts emphasis on the need for a clinical trial 

regarding use of ECT in SRSE. 
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Impact on Medical Staff of Revised Neurocritical Care Hands-on Seminar Held in Japan 

Satoshi Egawa; Yoshihisa Fujimoto; Hajime Shishido; Hidetoshi Nakamoto; Akihiko Inoue; Hitoshi 

Kobata; Masao Nagayama; Yasuhiro Kuroda; 

TMG Asaka Medical Center, Neuro ICU, Saitama, Japan 

 

Introduction 

The importance of Neurocritical care (NCC) has been recognized. But no dedicated educational system 

for it exists in Japan. We have established version 3 of an educational NCC hands-on seminar. This study 

investigated its effects. 

Methods 

This study was a prospective, before-after study using questionnaires and examinations. It was a full-day 

version 3. The learning concept was to identify the various methods for maintaining cerebral oxygen 

balance to prevent secondary brain injury. Participants attended five skill sessions: intracranial pressure 

monitoring, trans-cranial color flow image, targeted temperature management, neuro examination, and 

EEG, and four scenario sessions: post-cardiac arrest syndrome, subarachnoid hemorrhage, traumatic 

brain injury, and non-traumatic acute weakness. They had examinations before and after the seminar. 

The primary outcome was the improvement on examination scores after the seminar. Secondary 

outcomes were the degrees of satisfaction with it and confidence of participants in NCC. We evaluated 

the improvement of the outcome using Wilcoxon signed rank test. A p-value of 0.05 or less was 

considered as significant. 

Results 

Thirty-nine physicians and one nurse participated in the seminar. We excluded 19 (47.5%) participants 

because their answers were incomplete. We had 16 (76.2%) physicians who are in emergency or 

intensive care medicine, and 5 (23.8%) other professionals. Their median age group was in their 30s 

(IQR:20-30) with median intensive care medicine experience of 2 years (IQR:1.0-5.0). The percentage of 

correct answers, scores in the examination, improved significantly from 70 (IQR:47.0-87.0) to 80 

(IQR:63.0-93.0) after the seminar (p<0.001). Eighteen (85.7%) participants were satisfied with it, and the 

number of professionals who could not feel NCC-confident decreased from 12 (50%) before the seminar 

to 0 after its completion (p<0.001). 

Conclusions 

Our seminar successfully improved the physicians’ knowledge of NCC, and gave them more confidence 

in NCC. 

290/341



Neurocrit Care (2019) 31:S1–S341 S291

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 281 

Anti-GAD65 Antibody Mediated Systemic Small Vessel Vasculitis with CNS Involvement Presenting as 

Refractory Status Epilepticus and Stiff-Limb Syndrome 

Derek Neupert; Nate Leibu; Aimee Aysenne; Casey R. Dunn 

Tulane University School of Medicine, Department of Neurology, New Orleans, LA, United States 

 

Introduction 

Glutamic acid decarboxylase (GAD) is the rate-limiting enzyme to convert glutamate to gamma-

aminobutyric acid (GABA). Autoantibodies targeted against GAD65 have been implicated in a number of 

syndromes with neurologic manifestations including stiff-person syndrome, cerebellar ataxia, limbic 

encephalitis, and epilepsy. We highlight an atypical presentation of this rare disorder with several 

unique features to the neurological intensive care unit. 

Methods 

Case report 

Results 

62-year-old woman with PMH of DM, remote left insular ischemic stroke, and recent right leg dystonia 

presented after being found down with rightward eye gaze deviation, GTC shaking, and urinary 

incontinence.  She required midazolam, lorazepam, loading doses of levetiracetam and fosphenytoin, 

and propofol infusion to achieve clinical seizure control.  Despite these interventions, EEG showed NCSE 

with left temporal seizures and anterior midline epileptiform discharges.  Propofol was titrated to burst 

suppression. She had several other active medical problems including kidney injury, transaminitis, and 

myoclonus. Seizures and myoclonus were greatly improved after the addition of clonazepam; however, 

she remained encephalopathic. Pertinent diagnostic results included ferritin 16,130 ng/ml, LDH 2,070 

units/L, IL-2R 795 U/ml, B2-micr

and serum GAD65 Ab titer 332 nmol/L. MRI Brain showed prominent superior frontal lobe cortical 

edema. Bone marrow biopsy demonstrated good cellularity without malignancy. Skin biopsies on three 

random samples were positive for perivascular dermatitis with telangiectasia. She was started on high 

dose steroids with subsequent progressive mental status improvement. 

Conclusions 

Anti-GAD65 Ab associated vasculitis is an exceedingly rare occurrence whose diagnosis previously 

involved brain biopsy. This case is unique given her acute presentation with refractory status epilepticus, 

systemic involvement, and diagnosis on skin biopsy. While management has involved immunotherapy, 

specific treatment guidelines do not exist. Given her marked response to clonazepam and 

corticosteroids, we advocate for early initiation of GABAergic medications such as benzodiazepines and 

use of immunotherapy. 
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Seizures in Subdural Hematoma: A Single Center Experience 

Kareem Elzamly; Ryan S. Kitagawa; Alex Choi; Robert Brown; Abhay Kumar  

University of Texas at Houston, Houston, TX, United States 

 

Introduction 

Epileptic seizures are a serious complication in patients with subdural hemorrhage (SDH), resulting in 

increased mortality rates. The incidence of new onset seizures in these patients is unclear. We examined 

the incidence for new onset seizures and status epilepticus (SE) in SDH patients. 

Methods 

We examined patients diagnosed with SDH and epilepsy between September 2015 to December 2018. 

We included patients with new onset seizures and extracted those who had seizures after SDH 

evacuation. Clinical and radiographic characteristics, and outcomes of those patients were described. 

Results 

We screened 427 patients diagnosed with SDH, traumatic or non-traumatic. 248 underwent a surgical 

intervention and 23 (5%) patients had a seizure during their hospital stay. Among those who had a 

seizure, 9 patients had prior history of epilepsy, and 14 had a new onset seizure. Although SDH patients 

with history of epilepsy showed higher incidences of seizures than those with no history (p= 0.08), SDH 

patients with history of epilepsy mostly did not evolve into SE and those who had no history of epilepsy 

usually did. There was no significant difference in patients developing SE when compared to those 

without SE between the SDH thickness, midline shift, temporal lobe involvement or age of blood (acute 

or chronic). 

Conclusions 

Seizure occurrence in patients with SDH is commonly new onset; however, they are infrequent. In 

addition, SDH patients with no history of epilepsy have a higher tendency to develop SE as opposed to 

patients with history of epilepsy. Larger multicenter cohort studies need to be done for evaluation of 

these findings. 
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The Clinical and Financial Impact of the Ceribell Rapid Response EEG System on Sequoia Hospital 

Eleanor Vigilante; Lee Allingham 

Dignity Health Sequoia Hospital ICU, Redwood City, CA, United States 

 

Introduction 

Sequoia Hospital in Redwood City, CA implemented the Ceribell Rapid Response EEG system in 2018 to 

expand its access to EEG for in-patient usage. Previously, the hospital had no access to after-hours EEG 

and the majority of their EEGs happened in the ICU. This quality improvement project was initiated to 

understand how access to rapid EEG impacted clinical care and financial metrics across at Sequoia 

Hospital. 

Methods 

Data was analyzed for all patients who received either conventional or Ceribell EEG from January 1, 2017 

including the department where EEG was conducted, time of day of EEG was ordered, time when EEG 

began, and clinical diagnosis based on the EEG. Data was also captured on patient transfer due to lack of 

EEG. 

Results 

55% of EEGs were ordered after hours after the introduction of Ceribell, compared to nearly no EEGs 

done after hours before Ceribell. 25% of patients with Ceribell EEGs were diagnosed with seizures. In 

2018, of 66 Ceribell EEGs, 41 EEGs occurred in the in-patient unit or ED. In 50% of patients with a high 

suspicion of seizure, seizures were ruled out as a result of reading the Ceribell EEG. 

Conclusions 

The introduction of Ceribell EEGs has greatly expanded access to EEGs at Sequoia hospital. Before 

Ceribell was introduced, EEGs mostly occurred in the ICU and nearly all happened during regular hours. 

After Ceribell was introduced, EEG was also heavily utilized in the ED and the in-patient unit and gave 

Sequoia EEG access during after hours. As a result of this expanded access and earlier application of 

EEGs, patients have been treated more appropriately. 
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Refractory Status Epilepticus Following Inadvertent Intrathecal Administration of Tranexamic Acid 

Elizabeth Carroll; Barry Czeisler; Ethan Kahn; Ariane Lewis 

NYU Langone Health Department of Neurology, New York, NY, United States 

 

Introduction 

Tranexamic Acid (TXA) is an intravenous antifibrinolytic agent that is used routinely for elective surgery. 

We report a case of inadvertent intrathecal injection of TXA resulting in refractory status epilepticus. 

Methods 

Case report. 

Results 

A 71-year-old healthy female admitted for bilateral total knee replacement was inadvertently 

administered 300mg of TXA intrathecally instead of bupivacaine. Soon after administration, she 

intubated, administered levetiracetam, started on a propofol infusion, and transferred to the 

neurointensive care unit (NICU). She developed persistent spontaneous and stimulus induced 

generalized myoclonus refractory to propofol. Midazolam infusion was added. NCHCT and CTA 

demonstrated pneumocephalus, but no acute arterial or venous thrombosis or stroke. vEEG revealed 

generalized nonconvulsive seizures occurring once per minute, not correlating with spinal myoclonus . 

Propofol and midazolam infusions were increased to 150 mcg/kg/min and 2.6 mg/kg/hr, respectively, to 

achieve burst suppression, and valproic acid was added. Over the following week, the drips were 

adjusted to suppress seizure activity. By hospital day 8, she was weaned off all infusions without 

recurrence of seizures. By hospital day 19, she was on levetiracetam monotherapy. She was discharged 

to rehab after a 22-day hospital course, and was discharged home 45 days after initial presentation. 

Residual deficits at the time of discharge included mild cognitive impairment and gait instability. She 

remains seizure-free since hospital day 45 on levetiracetam 500mg BID. 

Conclusions 

We report a case of refractory status epilepticus and spinal myoclonus after accidental intrathecal TXA 

administration. With aggressive management, the patient survived with mild residual deficits. The 

mechanism by which TXA causes status epilepticus and spinal myoclonus is hypothesized to be related 

to its inhibitory effects on GABA and glycine receptors, respectively. 
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Head or Heart: Ictal Bradycardia and Temporal Lobe Epilepsy 

Julia Bevilacqua; Ariane Lewis 

NYU Langone Medical Center; Neurosurgical Intensive Care Unit, New York, NY, United States 

 

Introduction 

Ictal bradycardia (IB) is a serious complication of temporal lobe epilepsy. If left untreated, IB can cause 

serious injuries related to syncope, complete heart block and death. Management of this phenomenon 

is controversial: should you treat the seizures or the arrhythmia? We describe the management of a 

patient who presented with multiple syncopal episodes and found to have symptomatic bradycardia in 

the setting of temporal lobe seizures. 

Methods 

Case Report; Chart Review; Literature Review 

Results 

A 22-year-old male with a recently resected brainstem cavernoma presented with episodes of ‘spacing 

out’, face tingling and transient periods of amnesia.  He was started on Topamax and Lamictal. Several 

months later, he began having multiple syncopal events (upwards of 7 a day) that eventually brought 

him the hospital for evaluation. He was found to be bradycardic with a heartrate in the thirties and had 

sinus pauses lasting up to ten seconds requiring Atropine, an Isoproterenol infusion and transcutaneous 

(TC) pacing. He was also found to have another cavernoma in the right temporal lobe. EEG revealed 

epileptic activity within the right anterior temporal lobe with correlation to his TC pacing and IB events.  

Lamictal was replaced with Keppra and the seizure activity was controlled. He had a pacemaker 

implanted, after which he did not have any further episodes of syncope and no further seizure activity.  

The cavernoma was resected a few months later, and he did well postoperatively. 

Conclusions 

IB is an uncommon, but serious, complication of temporal lobe epilepsy. The temporal insula plays a role 

in the parasympathetic activity of the heart which can cause IB. It may be beneficial for patients who 

present with symptoms characteristic of temporal lobe seizures or repeated falls/drop attacks to have a 

full cardiac work up to rule out IB in order to determine if a pacemaker is warranted. 
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Neurological Monitoring by Continuous EEG (cEEG) : Situation of the ICUs in Colombia 

Camilo Nicolás Rodríguez; Jorge H. Mejía Mantilla 

Hospital Nacional Prof. A. Posadas; ICU Department, Buenos Aires, Argentina 

 

Introduction 

The cEEG has had rapid growth within neurological monitoring within the ICU, however its still disparate 

resource in the ICUs of Latin America. Is important to know the real situation in Colombia about the 

accessibility to cEEG monitoring. 

Methods 

An anonimus survey of 19 questions was conducted from October 2018 to April 2019. It was answered 

by Intensivists from Latin America, Europe, Asia and USA. 

Results 

Sixty two Intensivist (n=62) from Latin America, Asia, Europe and the US

not complete the survey.(1) 

questions and focus in the Colombian ICUs. Accessibility to monitoring by cEEG: Total of 

respondents(n=62) 45.7%(29(1)/62) Access to monitoring by cEEG. [Colombia 51,7%(15/29)]. 

53,3%(33/62) No Access to cEEG. Most common clinical Indication/s: 48%(12/25) Monitoring of the 

treatment of Status Epilepticus [Colombia 66,6% (8/12)]; 44% (11/25) Diagnosis and treatment of NCSE 

[Colombia 63,6% (7/11)]. 8% others. Quantitative EEG mode (QEEG): 68%(17/25) Yes [Colombia 58% 

(10/17)]; 32%(8/25) No [Colombia 62,5% (5/8)] cEEG monitoring extends(hours): 60%(15/25) 13-24 hs. 

[Colombia 60% (9/15)] Attitude of Intensivist bedside, after collecting the cEEG information in ¨real 

Time¨: 56%(14/25) Inmediatly therapeutic decision [Colombia 57,1%(8/14)]; 36%(9/25) Always 

communication with the neurologist [Colombia 77,7%(7/9)]; 8% others. Causes for non-prescription of 

cEEG): 56,9%(33/58) Scarce Resources / Do not have equipment / Don´t support from Neurology service 

[Colombia 66,6% (22/33)]. 

Conclusions 

Considering the accessibility to the cEEG, the cEEG clinical indications and the cEEG monitoring extends 

(hours) in the ICU, we can conclude that Colombia is aligned with other countries in the world. In the 

ICUs of Colombia less than half of the intensivists make decisions in ¨real time¨ with the cEEG and have 

access to the QEEG modality. The most common cause for non-presciption of cEEG was Scarce resources 

(Equipment and human resorces support from a Neurology service). 
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Successful Treatment of Cephalosporin Associated Non-Convulsive Status Epilepticus 

Erika Sigman; Timothy Becker; Natalya Asipenko; Susan T. Herman 

Beth Israel Deaconess Medical Center, Boston, MA, United States 

 

Introduction 

Cefepime is a fourth-generation cephalosporin with broad-spectrum coverage used to treat infections in 

critically ill patients. Neurotoxic effects have been associated with cefepime, including myoclonus, 

reduced consciousness, and seizures. We report a case of a patient receiving cefepime who developed 

non-fluent aphasia and non-convulsive status epilepticus (NCSE). Two seizure drug trials (levetiracetam 

and fosphenytoin) failed before marked clinical and electrographic improvement with clobazam.  Other 

than cessation of the offending agent, there is little known about the management of cephalosporin 

associated non-convulsive status epilepticus. 

Methods 

Data was collected from our institution’s health record. 

Results 

A 74-year-old female with a history of diabetes, chronic kidney disease, recent coronary artery bypass 

grafting, and mitral valve repair presented with Pseudomonas aeruginosa cellulitis of the sternotomy 

site. On day six of cefepime therapy she developed non-fluent aphasia. MRI brain and toxic-metabolic 

work-up was unrevealing. EEG was consistent with non-convulsive status epilepticus. She failed to 

respond to standard levetiracetam or fosphenytoin therapy. Lorazepam was given with marked 

improvement in her EEG. Clobazam was subsequently started resulting in marked improvement in the 

patient’s language and sustained resolution of ictal pattern on EEG. 

Conclusions 

Epileptogenic effects of ß lactam antibiotics are thought to be due to competitive antagonism of the 

GABAA receptor. Beside the recommendation of withholding offending agents when safe to do so, there 

is no guidance in the literature regarding the appropriate antiepileptic drug choices for the treatment of 

cephalosporin associated NCSE. In this case, clobazam, a benzodiazepine, was an effective treatment.  

Given the theorized mechanism GABA antagonism of cefepime, it is possible that benzodiazepines may 

ch is needed regarding the optimal 

seizure control for various etiologies of NCSE. When treating seizures and NCSE, consideration should be 

given to the possible mechanism of action of the suspected offending agent. 
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Relapsing status epilepticus due to hashimoto encephalopathy 

Rohan Sharma; Shilpa Haldal; Lindsay Malatesta; Jolanta Marszlek; Vishank Shah; Krishna Nalleballe; 

Sisira Yadala; Nidhi Kapoor 

University of Arkansas for Medical Sciences, Little Rock, AR, United States 

 

Introduction 

Hashimoto encephalopathy is a rare disease. Clinical manifestations include abnormal behavior or 

psychosis, seizures, encephalopathy. Pathophysiology is not completely known but it has been 

associated with autoimmune thyroiditis. We report a case of hashimoto encephalopathy with status 

epilepticus which responded well to steroids and relapsed following steroid taper. 

Methods 

20-year-old previously healthy woman was admitted with encephalopathy, new-onset seizures, and 

delusional behavior for past 8-10 weeks. MRI brain was unremarkable. EEG showed status epilepticus 

with right fronto-central origin. She was treated with multiple antiepileptic medications including 

evaluation 

for infections, autoimmune and paraneoplastic etiologies revealed elevated thyroid peroxidase, anti-

thyroglubulin and mildly elevated GAD 65 Antibodies. Whole body CT showed no malignancy. She was 

diagnosed with hashimoto encephopathy. She was treated with IV steroids and IVIG. Her clinical 

improvement correlated with decrease in thyroglobulin antibody levels from15.6 to 4.4 and thyroid 

peroxidase antibody levels from 32.40 to 17.70. She was discharged on oral steroids and admitted again 

in few weeks with a relapse of behavioral issues and seizures following steroid taper. She was treated 

with high dose IV steroids, this time followed by rituximab with significant improvement. She was 

discharged again on oral steroids with very slow taper and close follow up. 

Results 

Our patient had hashimoto encephalopathy and had relapse following taper of steroids. 

Conclusions 

Hashimoto encephalopathy is rare condition and is often under-diagnosed. Anti-thyroglobulin and 

thyroid peroxidase antibodies should be checked in patients where no other etiology of new onset 

status epilepticus is identified. Along with seizure management, they should be treated with 

immunomodulators. Closer follow up is needed while tapering the steroids as relapse can occur with 

behavioral issues and seizures and they may benefit from steroid sparing long term immunomodulatory 

treatment. 
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Continuous EEG: Unmasking the Silent Killer 

R. Srinivasan; J. Sakathevan; G. J. Silva; A. Jovaisaite; N. Jiwa; D. S. Wijayatilake   

St. Helier Hospital, London, United Kingdom 

 

Introduction 

Non-convulsive seizures (NCSZs) and non-convulsive status epilepticus (NCSE) are common in critically ill 

patients. Both are associated with neurophysiological disturbances, and even mortality if untreated in a 

timely manner. [1]Continuous electroencephalogram (cEEG) monitoring has been proven to be effective 

in diagnosing NCSZs and NCSEs, and assessing the efficacy of treatment thus it is a vital investigation. [2] 

Methods 

We conducted a national survey on the availability of cEEG monitoring within Neuro Critical Care Units 

(NCCU) in the UK. To ensure accuracy the consultant in charge or ST 5-7 covering the NCCU was 

contacted by telephone and asked a serious of questions regarding their use of cEEG and reporting. 

Results 

28 hospitals were identified as having either stand alone or mixed NCCU. Responses were obtained from 

27 of the 28 units contacted. Only 46% of NCCUs were able to perform cEEG monitoring from 9am-5pm 

This dropped to 39% at night. In 68% of NCCUs the ITU consultant did not feel 

confident to analayse the cEEG and make treatment decisions based upon in. 

Conclusions 

The inability of 54% of NCCU to perform cEEG is very concerning, as a single EEG may miss episodes of 

status, and also makes treatment to achieve burst suppression very difficult. In addition, there appears 

to be a training gap in ability of ICU doctors ability to interpret cEEG. Commissioning standards may 

need to be modified to encourage take of this vital monitoring technique. In addition systems such as 

possibly setting up a central remote analysis site for all cEEG data for England might improve time to 

diagnosis and treatment whilst still remaining economically. 
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Higher DAI Grade Correlates with Worse Short Term Outcome in Pediatric Traumatic Brain Injury 

Anna Janas; Scott Hamilton; Zachary Threlkeld; Max Wintermark; Sarah Lee 

Stanford Hospital, Neurology, Palo Alto, CA, United States 

 

Introduction 

Traumatic brain injury (TBI) is the leading cause of disability in children. Neuroimaging is essential for 

the acute evaluation of moderate-severe TBI, although its prognostic utility is unclear. Magnetic 

resonance imaging (MRI) allows for detailed characterization of diffuse axonal injury (DAI), the hallmark 

pathology described in non-penetrating TBI. Higher DAI grade in adults correlates with worse outcome, 

but this association has not been rigorously tested in children. We hypothesize that acute Rotterdam 

Score and DAI grade predict short-term functional outcome in children with acute TBI. 

Methods 

Patients admitted to Stanford Children’s Hospital for acute TBI were identified via retrospective chart 

review based on ICD9 and ICD10 codes for TBI. Inclusion criteria were age >1mo and <19yrs with blunt, 

closed head trauma and MRI brain obtained during hospitalization. Exclusion criteria included history of 

epilepsy, prior TBI, developmental delay, and penetrating or non-accidental trauma. The first head CT 

and brain MRI obtained during hospitalization were used for analysis of Rotterdam Score and DAI grade, 

respectively. Discharge destination (home versus facility) was used as a marker of short-term functional 

outcome. 

Results 

Multiple logistic regression analysis on cohort of 44 children revealed that lower GCS and 

ventriculostomy were independent predictors for discharge to acute rehabilitation (OR 1.6 and 27, 

respectively) versus discharge home. Neuroimaging analysis revealed that more severe DAI significantly 

correlated with discharge to a rehabilitation facility (p=0.011), while Rotterdam CT score did not 

correlate with discharge destination (p=0.106). 

Conclusions 

Our study demonstrates that higher DAI grade is associated with worse short-term outcome in pediatric 

patients 

understand the short- and long-term prognostic value of acute neuroimaging in pediatric TBI. 
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Zika Virus-associated Subacute Encephalitis: Prospective Case Series 

Lucas Masiero Araujo; Cyprian Afunugo; Ivan Da Silva 

, Niteroi, Brazil 

 

Introduction 

Zika virus has been associated with several neurological complications. We aim to present three cases of 

Zika associated subacute encephalitis, all requiring intensive care. 

Methods 

All patients derived from the RIO-ZIKV-GBS study cohort. All were diagnosed with MAC-Elisa and PCR for 

 

Results 

Case 1: 33-year-old man admitted with lower extremities weakness and urinary retention, preceded by 

-capsular area, extending to the corona radiata and cerebellar 

peduncles. He was treated with a 5-day cycle of intravenous immunoglobulin (IVIg). He was discharged 

one year later due to protracted weaning from mechanical ventilation. Case 2: 53-year-old man 

admitted with lower extremities weakness, dysphagia, and dysphonia. 11 days before he presented with 

and middle cerebellar peduncles, extending to pyramidal tracts. He was treated with IVIg. He was 

discharged after acute treatment and, one year later, presented only with ataxic gait. Case 3: 48 year-old 

woman admitted with disorientation and behavioral impairment. A week before she presented with 

0% mononuclear) with mild protein elevation. MRI revealed hyperintense 

-T5 

levels. She was also treated with IVIg. A year later her neurological exam returned to baseline.  

Conclusions 

All patients had similar clinical presentation, starting with atypical measles syndrome, later evolving to a 

subacute encephalitis. All showed similar radiological findings, resembling the ones observed with 

Japanese Encephalitis, another flavivirus. This new entity is likely a result of ZIKV-mediated autoimmune 

activation and it is a challenge for neurocritical care units worldwide. 
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Multifocal Necrotizing Leukoencephalopathy in the Setting of Influenza Infection 

Devin J. Burke; Lori A. Shutter 

University of Pittsburgh Medical Center Department of Neurology, Pittsburgh, PA, United States 

 

Introduction 

There are two described forms of necrotizing encephalopathy: multifocal necrotizing 

leukoencephalopathy (MNL) and acute necrotizing encephalopathy (ANE). MNL is characterized by 

multiple microscopic foci of white matter necrosis and is sporadic with predilection for the pons in 

patients with sepsis or immunosuppression. ANE is characterized by multiple foci of grey and white 

matter disease and is either sporadic or familial; it is typically triggered by febrile viral illness in children 

without evidence of cerebral infection. 

Methods 

A case report with review of the clinical, laboratory, radiographic, and pathologic data. 

Results 

A 39-year-old woman with post-traumatic epilepsy was admitted with acute encephalopathy and 

respiratory failure secondary to H1N1 and strepotococcal pneumonia. She developed refractory 

hypoxemia requiring proning and eventually veno-veno extra corporeal membrane oxygenation. Her 

neurological exam declined with no response to painful stimuli and absent corneal reflexes. Continuous 

restricted diffusion lesions of the cerebral white matter, splenium of the corpus callosum, brainstem, 

cerebellar peduncles, and deep cerebellum. She died after transition to comfort care and autopsy was 

pursued by family.  Neuropathologic evaluation revealed microscopic acute and subacute necrotizing 

lesions throughout the white matter of the cerebrum, pons, and cervical spinal cord. There were similar 

lesions throughout the thalamus with sparing of other gray matter structures. There was no significant 

lymphocytic inflammation or meningoencephalitis. 

Conclusions 

This presentation is consistent with MNL, yet the thalamic involvement is more characteristic of ANE. 

However, ANE is rare in adults and typically affects both the grey and white matter. Our case affected 

mostly white matter with microscopic lesions in the grey matter of the thalamus. This case is unique in 

that it has features of both known necrotizing leukoencephalopathies without clear classification. 
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Association of Medication Infusions with Cerebral Dynamics after Severe Pediatric Traumatic Brain 

Injury 

Anthony P. Gianiorio; Hamy Temkit; Stephen Foldes; Brian T. Burrows; Austin Jacobson; P. David 

Adelson; Brian L. Appavu 

Phoenix Children's Hospital, Neurocritical Care Research, Phoenix, AZ, United States 

 

Introduction 

Pharmacotherapy after traumatic brain injury (TBI) aims to prevent secondary insults by optimizing brain 

homeostasis. To better understand the relationships between medication infusions and cerebral 

dynamics, we investigated their associations with cerebral compliance (CC), autoregulation (CA) and 

heart-rate variability (HRV). 

Methods 

A retrospective analysis of severe TBI patients admitted to the pediatric ICU who underwent brain 

multimodal monitoring was performed. CA, CC and HRV were estimated by using different parameters: 

CA by using the pressure reactivity index - a Pearson correlation coefficient; CC by using the RAP index - 

a correlation between ICP and pulse amplitude; HRV by heart-rate root mean square of successive 

differences. Analysis of variance was used to investigate cerebral dynamics differences during 

narcotic/sedation (dexmedetomidine, fentanyl, propofol), barbiturate (pentobarbital), vasoactive 

(epinephrine, milrinone, nicardipine, norepinephrine, phenylephrine) and paralytic (vecuronium, 

rocuronium) medication infusions. 

Results 

46 children were identified (13 female; ages 0-17 years). CA values were significantly higher (i.e. larger 

positive values) in patients who received vasoactive infusions than those who did not (epinephrine 

(0.326±0.001), norephinephrine (0.150±0.001)). CC values were much larger (closer to 1) in patients who 

received barbiturate and paralytic infusions compared to those who received narcotic/sedation 

infusions (pentobarbital (0.517±0.001), vecuronium/rocuronium (0.506±0.001), fentanyl (0.371±0.001), 

dexmedetomidine (0.326±0.001), propofol (0.316±0.001)). HRV displayed significantly larger values in 

patients who received narcotic/sedation infusions compared to those who received barbiturate 

infusions (propofol (35.040±0.446), dexmedetomidine (34.732±0.139), pentobarbital (13.704±0.171)). 

Conclusions 

These results suggest vasoactive infusions (epinephrine and norepinephrine) are associated with 

impaired CA, narcotic/sedation infusions (dexmedetomidine and propofol) are associated with improved 

CC and greater HRV, and barbiturate infusions (pentobarbital) are associated with impaired CC and less 

HRV after severe TBI. Prospective analysis is needed to validate these associations and investigate 

whether these medications may be contributors or epiphenomena of altered cerebral dynamics. 
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Sleep Wake Disturbances in Children Surviving Neurocritical Care with Traumatic Brain Injury: A 

Systematic Review 

Madison Luther; Katrina M. Poppert Cordts; Cydni N. Williams 

Oregon Health and Science University, Division of Pediatric Critical Care, Portland, OR, United States 

 

Introduction 

Sleep wake disturbances (SWD) after pediatric traumatic brain injury (TBI) requiring critical care 

admission are poorly quantified, but may have important implications for patient recovery. We 

conducted a systematic review to quantify SWD after pediatric TBI requiring critical care, identify 

interventions for SWD, and determine the association between SWD and other Post-Intensive Care 

Syndrome (PICS) morbidities after TBI. 

Methods 

injury requiring neurocritical care published after 1999 and reporting a sleep or fatigue outcome. 

Studies focused on concussion or mild TBI without differentiation of intracranial injury requiring critical 

care hospitalization were excluded. Risk of bias was assessed for included studies. A meta-analysis was 

not performed due to heterogeneity of included studies. 

Results 

Search results yielded 966 articles. Abstract review yielded 126 articles, and 21 studies were included in 

the final analysis (17 observational, 4 case reports). We found children with TBI had significantly more 

SWD when compared to controls. Studies reported over one third of TBI patients have SWD, some 

persisting for years after injury, but often failed to delineate phenotypes of sleep problems. Most 

studies used subjective measures with questionnaires or interview. Seven studies used a validated sleep 

questionnaire. Three studies with 16 total patients presented objective data on SWD using actigraphy 

(n=1), polysomnography (n=1), and electroencephalography (n=1). Outside of one case report, no 

studies evaluated interventions for SWD following pediatric TBI. SWD in children surviving TBI were 

associated with PICS morbidities including reduced quality of life, behavioral problems, and 

neurocognitive impairment. Heterogeneity and risk of bias among studies was high. 

Conclusions 

Research is needed to quantify SWD, including identifying phenotypes and utilizing objective measures 

of sleep. Evaluation of pharmacological, psychological, and behavioral interventions for SWD is 

warranted given associations between SWD and PICS. 
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Association of Brain Tissue Oxygenation with Intracranial Pressure Waveform Characteristics after 

Pediatric Severe Traumatic Brain Injury 

Kimberly A. Artounian; Stephen Foldes; Brian T. Burrows; Austin Jacobson; P. David Adelson; Brian L. 

Appavu 

University of Arizona College of Medicine, Graduate Medical Education, Phoenix, AZ, United States 

 

Introduction 

Current guidelines for pediatric severe traumatic brain injury (TBI) recommend maintenance of mean  

intracranial pressure (ICP) under 20 mmHg. Increasing evidence has suggested that ICP waveform 

characteristics may be important in understanding the impact of pressure on cerebral physiology. Our 

study objective is to investigate strength of association of brain tissue oxygenation with ICP waveform 

characteristics. 

Methods 

Retrospective analysis was performed on pediatric patients with TBI who underwent multimodality 

monitoring including measurements of PbtO2  and ICP between January 1, 2014 and January 1, 2019. 

Data were limited to relatively normal values of PbtO2 between 15 and 50 mmHg and ICP  values 

between 0 and 60 mmHg. Univariate linear regression was performed to assess strength of association 

between PbtO2 and ICP waveform characteristics including, mean ICP values, ICP pulse amplitude 

(AMP), and minimum and maximum values of the ICP waveforms. 

Results 

17 patients were identified (4 female, ages 3-19 years [mean 8.6; interquartile range  11.8 – 15.6]). 

PbtO2 was negatively  associated with all 4 ICP characteristics following analysis. The correlation 

coefficient (r)  was stronger  with respect to the relationship of PbtO2 to AMP (r = -0.34) as compared to 

mean ICP (r = -0.08), maximal ICP (r = -0.14) and minimal ICP (r = -0.04). P-values were < 0.001 for all 

measurements. 

Conclusions 

These data provide preliminary evidence that ICP pulse amplitude is  associated with PbtO2. These 

findings suggest that ICP waveform amplitude should receive greater scrutiny in understanding the 

impact that ICP has on PbtO2 after pediatric severe TBI though further research is necessary to confirm 

this finding. 
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Neurogenic Shock: A Rare Presentation of Neurosarcoidosis 

Fajun Wang; Saad Yazdani; Junling Dong; Wei Xiong 

University Hospitals Cleveland Medical Center/Case Western Reserve University, Cleveland, OH, United 

States 

 

Introduction 

Sarcoidosis is a systemic disease characterized by formation of noncaseating granulomas. In 5-15% of 

cases, sarcoid infiltrates the central nervous system causing a myriad of clinical symptoms and imaging 

findings. Although rare, neurosarcoidosis commonly involves the brainstem, hypothalamic-pituitary axis, 

leptomeninges, and spinal cord, causing symptoms such as cranial neuropathies, hypopituitarism, 

aseptic meningitis, and seizures. Based on the review of literature, neurogenic shock as a complication 

of neurosarcoidosis has not been previously reported. 

Methods 

A retrospective chart review was performed on the patient’s medical records to obtain laboratory 

results, imaging studies, and treatment modalities. We demonstrate a case of neurosarcoidosis that 

initially presented with neurogenic shock, seizure-like activities, and anterograde amnesia. 

Results 

A 28-year-old African American man with neurogenic shock and seizure-like activities was transferred to 

our neurointensive care unit. Initial workup revealed panhypopituitarism, including hypothyroidism and 

central diabetes insipidus. MRI of neuro-axis was significant for diffuse parenchymal and leptomeningeal 

enhancing lesions of unclear etiology, including the hypothalamic-pituitary axis, bilateral mesial 

temporal lobes, and cervical spinal cord. He was intubated for airway protection and treated with 

dopamine infusion for hypotension and bradycardia thought to be a manifestation of neurogenic shock 

from his extensive cervical spinal cord lesion. Despite significant cervical cord involvement, he remained 

with good strength throughout. He was extubated after a short course of high dose steroids and 

stabilization of electrolytes and endocrine function however was found to have anterograde amnesia 

-PET revealed hypermetabolic lymphadenopathy throughout the neck, 

chest, abdomen, and pelvis without cardiac involvement. He subsequently underwent lymph node 

biopsy which revealed noncaseating granulomas. 

Conclusions 

Neurosarcoidosis is an infiltrative disease process with varied clinical and imaging presentations. 

Although neurogenic shock is classically seen as a complication from spinal cord injuries above the T6 

segment, neurosarcoidosis affecting the cervical spinal cord can also present with neurogenic shock. 
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Association Between Cerebral Near Infrared Spectroscopy (NIRS) and ICP in Pediatric Traumatic Brain 

Injury 

Elizabeth Diaz; Stephen Foldes; Austin Jacobson; M’Hamed Temkit; Brian Appavu; P. David Adelson; 

Vishal Gunnala 

Phoenix Children's Hospital Critical Care, Phoenix, AZ, United States 

 

Introduction 

The primary goal of traumatic brain injury (TBI) management is the prevention of secondary injury 

achieved by invasive intracranial pressure (ICP) monitoring. Near infrared spectroscopy (NIRS) is a 

continuous, noninvasive surrogate measure of cerebral blood flow and oxygenation making it a 

potentially useful adjunct in the management of TBI. We aimed to determine the association between 

regional oximetry (rSO2) and ICP in pediatric TBI. 

Methods 

The association between rSO2 and ICP was estimated retrospectively in 56 pediatric patients with 

severe TBI. Digital record

using univariate dynamic structural equations modeling with a 95% credible interval (95% CI) for the 

standardized regression coefficients (SRC). 

Results 

54 of 56 study patients had documented events. The association between rSO2 and ICP varied between 

patients and event type. No events triggered by changes in rSO2 occurred. A significant positive 

(SRC=0.035, 95% CI=0.023 – 0.046; SRC=0.043, 95% CI=0.030 – 0.054 respectively). A negative 

r this was not significant (SRC=-0.012, 95% CI=-0.026 

– 0.005). 

Conclusions 

During times without intracranial hypertension, changes in ICP were positively associated with changes 

in rSO2, which may be related to changes in cerebral blood flow. Our results also suggest that cerebral 

desaturation may be seen during periods of intracranial hypertension. Our data supports the utility of 

NIRS as an adjunct to understanding changes in ICP, however further research is needed to determine if 

these findings are clinically relevant. 
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A Case Report of Survival of a 20-year-old Male with Rapidly Progressive PACNS 

Edith Graham; David Walker; Sebastian Pollandt; Marinos Kontzialis; Anam Naumaan;, Dusan Stefoski; 

Thomas Shoemaker; Rajeev K. Garg  

Rush University Medical Center, Chicago, IL, United States 

 

Introduction 

Rapidly progressive (< 24 hours) primary angiitis of the central nervous system (PACNS) has rarely been 

reported in the literature. Most cases have resulted in death. Here, we describe the neurocritical care 

course of a patient with rapidly progressive PACNS who survives with a good outcome. 

Methods 

Data was collected prospectively through direct patient care and chart review. 

Results 

A 20-year-old previously healthy male presented to an emergency room in acute coma. Initial head CT 

showed diffuse cerebral edema and a left thalamic intracerebral hemorrhage. Non-contrast brain MRI 

c

perivascular enhancement suggestive of cerebral vasculitis. An external ventricular drain was placed for 

intracranial pressure monitoring and cerebrospinal fluid sampling, which showed a neutrophilic 

pleocytosis (WBC=42, 88% PMN). Brain biopsy on hospital day (HD) #2 was consistent with a diagnosis of 

necrotizing PACNS. Rheumatologic evaluation was negative for systemic inflammatory disease. Therapy 

included methylprednisolone, plasma exchange, and cyclophosphamide. His hospital course was 

complicated by ventilator-associated pneumonia, thrombocytopenia, cerebral salt-wasting, and 

malignant intracranial hypertension which was treated with hypertonic therapy, barbiturate coma, and 

hyperintensities and resolution of perivascular enhancement. He required tracheostomy and 

percutaneous gastrostomy and was discharged to a ventilator facility on HD #31. On discharge, he was 

awake and texting on his cell phone. At 2-month follow-up, his modified Rankin Score was 3. 

Conclusions 

Our case demonstrates that rapid diagnosis, early immunosuppressant therapy, and aggressive 

neurocritical support in 

collected on the optimal therapy of the patients with rapidly progressive PACNS. 
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Yes, the MRI Belongs to this Patient: A Case Series in Cerebral Amyloid Angiitis 

Anirudha Rathnam; Bradley Howell 

, Detroit, MI, United States 

 

Introduction 

Cerebral amyloid angiopathy (CAA)-related inflammation, or cerebral amyloid angiitis is an uncommon 

disease that presents with acute symptoms secondary to a solitary area of vasogenic edema. This series 

examines 6 patients presenting with acute neurological symptoms and imaging out of proportion to 

their exam, suggesting this is a common trend in this diagnosis. 

Methods 

Cases were collected through EPIC review, using slicer/dicer to select patients with both snomed 

diagnoses of CAA and CNS vasculitis, and snomed diagnosis of CAA concurrently treated with prednisone 

2010-19. 

Results 

Cases: (1) 67 year old female with prior diagnosis of CAA presents with transient worsening of right arm 

dexterity and word-finding difficulty. (2) 78 year old female presented with loss of vision in the right eye 

lasting for 2 hours (3) 73 year old female presents with two days of word-finding difficulty and 

confusion, using her car remote for her television (4) 72 year old male presenting after being unable to 

find words and acting out for two days (5) 65 year old male with prior diagnosis of CAA presents with 

one day of confusion and nonsensical speech.(6) 84 year old male with history of bilateral occipital 

hemorrhages of cryptogenic etiology presents with two days of new onset dizziness and left 

hemianopsia. 

Conclusions 

In each case, patient was identified to have a focal area of vasogenic edema on MRI that was significant 

and alarming in comparison to the patient’s presenting symptoms. SWI MRI showed numerous 

microbleeds elsewhere to the vasogenic edema consistent with CAA. Considered differentials included 

herpes encephalitis, MELAS, CADASIL, and CNS vasculitis due to lupus, however all patients exhibited a 

neurological exam less severe than expected of differentials mentioned prior. All patients were 

administered an oral steroid regimen with taper for an average of 4 weeks and their symptoms resolved 

on follow up. 
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Cranial Ultrasound and Transcranial Doppler Can be a Useful Tool to Screen Patients for Cerebral 

Edema Evaluation and Management in Pediatric Intensive Care 

Jonathan Gomez; Sonum Bharill; Laura Thomas; Collin Herman; Rima Jarrah; Lauren Strauss; Casey 

Glass; Charles Tegeler; Aarti Sarwal 

, Winston Salem, NC, United States 

 

Introduction 

Use of cranial ultrasound (CUS) in pediatrics has been limited to neonates or infants and transcranial 

doppler (TCD) for stroke risk in children with sickle cell disease. We describe a clinical case showing the 

utility of performing CUS/TCDs to assess for new intracranial process in a pediatric patient where head 

CT was difficult to obtain due to high frequ

assessment of waveforms on TCD can be a useful bedside tool in assessing progression of cerebral 

edema in pediatric patients unable to get a head CT. 

Methods 

Case report 

Results 

14-month child with acute respiratory distress syndrome required veno-venous ECMO and therapeutic 

anticoagulation complicated by intracranial hemorrhage with intraventricular extension, 15 mm 

leftwards midline shift, and hydrocephalus. Heparin was reversed and EVD was placed. Since heparin 

sedation/paralysis. Osmotic therapy was guided by elevated ICP. 3 days later, the ability to monitor ICPs 

became unreliable due to intermittent EVD dra

repositioning was deferred because of bleeding risk and lack of clarity whether device malfunction or 

unsafe because of 

waveforms with robust arterial diastolic flow and venous flow signifying that ICP was lower than 

plaining unreliability of 

and repeat head CT showed no gross change. 

Conclusions 

CUS and TCD can be a useful tool to screen for high ICP using midline shift and spectral waveform 

analysis in pediatric patients where CT may be contraindicated or challenging to obtain. 
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Early Outcomes Following the Creation of a Dedicated Pediatric Neuro ICU 

Margaret Rachel Ninemire; Curtis Kennedy; Yi-Chen Lai; Jennifer Erklauer; Matthew Musick 

Baylor College of Medicine, Texas Children's Hospital; Department of Pediatric Critical Care, Houston, TX, 

United States 

 

Introduction 

The structure of intensive care has evolved as the field of medicine has created needs for specialized 

care.  Large pediatric hospitals frequently have separated cardiac ICU from general pediatric ICUs, 

however further subdivision is rare, which differs from adult institutions that often have surgical and 

neuro ICUs. This subdivision capitalizes on concentration of expertise and collaboration across providers 

to improve patient outcomes. Texas Children’s Hospital recently opened a new pediatric ICU tower and 

subdivided the PICU into six specialty units: surgical, neurology/neurosurgery, pulmonary, 

hematology/oncology, medical and transitional (for patients with complex needs). We sought to 

retrospectively review similar patients fitting predefined neuro ICU criteria both pre and post move to 

determine if patient outcome measures were different after cohorting patients. 

Methods 

We conducted a retrospective review of neuro ICU patients before and after our specialty ICU model by 

comparing June-August 2017 to June-August 2018. Patients were identified using local data from Virtual 

Pediatric Systems (VPS, LLC) and outcomes collected from the electronic medical record utilizing 

automated data query. Primary analysis included patient demographics and outcomes including ICU 

length of stay (LOS), mortality, PRISM-3 and PIM-3 risk of mortality scores. Early subgroup analysis 

included patients with ICP monitoring devices in both cohort groups. 

Results 

172 and 273 patients were in the pre and post cohort group respectively, 10 of which had ICP monitors 

in each group. Median time to ICP measurement was 700 (IQR 117-1598) and 574 minutes (IQR 56-980) 

respectively in pre and post groups (p = 0.56).  ICU LOS, mortality, PRISM-3 and PIM-3 were not 

statistically different.  

Conclusions 

We have developed an algorithm to capture the neuro ICU population for future study. Preliminary 

investigations will hopefully confirm patients benefit from this model after programmatic maturity is 

achieved.
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West Nile Virus Destroys Long Motor Tracts 

Nate Leibu; Derek Neupert; Casey Dunn; Aimee Aysenne; Ben Norton 

Tulane University School of Medicine, Department of Clinical Neurosciences, New Orleans, LA, United 

States 

 

Introduction 

West Nile Virus (WNV) is a mosquito transmitted arbovirus that is endemic in the United States. Only 

25% with acute infection develop fevers, and only less than 1% develop neuroinvasive disease. Although 

the presentation of acute flaccid paralysis is not uncommon, it is extremely rare to visualize the 

destruction radiographically. Here we highlight a case of aggressive neuroinvasive disease with 

radiographic changes. 

Methods 

Case Reports 

Results 

67 y/o Caucasian male with arthritis on methotrexate and tofacitinib presented with encephalopathy 

and generalized weakness. Initial evaluation included MRI and lumbar puncture.  Initial MRI did not 

demonstrate etiology of symptoms. Lumbar puncture was consistent with viral meningitis (WBC 260, 

RBC 350, glucose 72 and protein 62). Patient was started on broad spectrum coverage. There was no 

growth on bacterial or fungal cultures. PCR Biofire was negative for acute viruses. Weakness progressed, 

and required intubation for neuromuscular respiratory failure. Diagnostic evaluation was repeated 10 

days later. Repeat MRI demonstrated changes on DWI and T2 weighted imaging, following the motor 

addition to continued acyclovir, plasma exchange was initiated for an attempt at treatment. The 

patient’s mental status improved, and he refused further treatments including tracheostomy. He was 

extubated and comfort care was provided given his continued neuromuscular respiratory failure. 

Conclusions 

This case demonstrates severe neuroinvasive West Nile encephalitis and flaccid paralysis with 

radiographic findings. Being immunocompromised and age increase his risk for rare presentation of 

aggressive disease. 
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Weight-Based Caloric Calculations Versus Indirect Calorimetry in Neurocritically Ill Patients 

Keaton S. Smetana; Yousef Hannawi; Angela Parillo; Casey C. May 

The Ohio State University, Columbus, OH, United States 

 

Introduction 

Evidence regarding adequate caloric requirements of critically ill patients with acute brain injuries is 

suggesting potential risk of caloric debt in neurocritically ill patients. The primary objective of this study 

was to determine whether guideline recommended weight-based dosing provides adequate caloric 

requirements compared to indirect calorimetry (IC) measurements in this population. 

Methods 

This was a single center, retrospective, observational case-crossover study that included adults admitted 

within 14 days from admission. We compared resting energy expenditure (REE) determined via IC to the 

lower (BMI<30 kg/m2: 25 kcal/kg and BMI 30-50 kg/m2: 11 kcal/kg) and higher (BMI<30 kg/m2: 30 

kcal/kg and BMI 30-50 kg/m2: 14 kcal/kg) actual body weight-based dosing guideline recommendations. 

We hypothesized that guideline recommended lower-weight based nutrition will not match the caloric 

demand of patients with acute brain injuries. 

Results 

A total of 52 metabolic studies were performed in 43 patients (36% ICH, 20% non-traumatic SAH, 20% 

ischemic stroke, 16% TBI, 6% status epilepticus, 2% other etiologies). The mean age was 58+18 years, 

mean weighed 89+27 kg with a BMI of 30+10 kg/m2, and had mean baseline GCS of 7 + 4. On average IC 

was obtained on day 5 of admission. Lower weight-based recommended nutrition did not provide 

adequate caloric needs as measured by IC adjusted for obesity (1652±485 vs 1952±611 kcal/day, 

p<0.001). However, higher weight-based recommendation matched the caloric demand as measured by 

IC (2006±563 vs 1952±611, p=0.417). 

Conclusions 

In this preliminary analysis, higher weight-based dosing for nutrition matched the caloric demand of 

critically ill patients with acute brain injury. Our results need to be confirmed in future larger prospective 

studies. 
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Ultrasound Confirmation Of Central Venous Catheter Placement In Neurocritically Ill Patients 

Jeremiah Olivas; Gary Macy; Christa Swisher  

Duke University Medical Center, Neuroscience ICU, Durham, NC, United States 

 

Introduction 

Central venous catheter (CVC) insertion is common in neurocritically ill patents. Standard practice is to 

obtain a chest radiograph (CXR) to evaluate for the presence of complications, such as pneumothorax 

(PTX) and catheter misplacement. Point-of-care ultrasound (US) has been suggested as an alternative 

methodology to assess for these complications by using a flush test. 

Methods 

Patients admitted to our Neuro ICU between 6/5/18 - 5/8/19 who required CVC placement were the 

subject of this quality improvement analysis. CVC’s were placed in the internal jugular (IJ) or subclavian 

(SC) vein followed immediately by lung US to assess for PTX. Then, apical or subcostal four-chamber 

view of agitated saline injected through the distal port of the CVC (ie. flush test) was performed to 

assess for proper placement. We observed the time delay between start of agitated saline instillation 

and visualization of contrast in the right atrium and ventricle. This was then interpreted as appropriate 

(contrast present in </= 2 cardiac cycles) or not. 

Results 

Twelve patients were included in this analysis. No patients had a PTX on US or CXR.  One patient had a 

misplaced catheter detected by an abnormal flush test after subclavian CVC insertion using the 

landmark technique.  This was further confirmed by US visualization of the CVC terminating in the 

ipsilateral IJ vein. After immediate removal and reinsertion, followed by an appropriate flush test, CXR 

then confirmed accurate placement.  Ultrasound evaluation of CVC complications took < 10 minutes in 

all cases while it took an average of 45 minutes for the CXR to be avai

a potential savings of $200.00 for each CVC inserted by avoiding the cost of a CXR. 

Conclusions 

In conclusion, we demonstrated US post CVC placement to be an accurate, fast, and potentially less 

expensive method of confirming CVC placement compared to CXR. 
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Adaptation of a TBI Goals-of-care Decision Aid for Surrogate Decision-makers to Hemorrhagic and 

Ischemic Stroke with Acceptability and Usability Testing 

Kelsey Goostrey; David Hwang; Christopher Lee; Kelsey Jones; Thomas Quinn; Jesse Moskowitz; Jolanta 

Pach ; Andrea Knies; Lori Shutter; Robert Goldberg; Kathleen Mazor; Susanne Muehlschlegel 

University of Massachusetts Medical School, Department of Neurology, Worcester, MA, United States 

 

Introduction 

Major professional critical care societies recommend shared decision-making using decision aids (DAs) 

to reduce surrogate decisions incongruent with patient values and preferences and decisional conflict. 

No DAs currently exist for any decisions in the neurologic intensive care unit (neuroICU), including goals-

of-care decisions. Using multilevel input from 88 stakeholders, we recently developed a goals-of-care DA 

for critically-ill traumatic brain injury (TBI) patients that meets international DA standards. We aimed to 

adapt this DA to intracerebral hemorrhage (ICH) and hemispheric acute ischemic stroke (AIS) to widen 

its applicability and fulfill the shared decision-making needs of surrogate decision-makers of stroke 

patients. 

Methods 

 we adapted the existing goals-of-care DA by replacing the TBI prognostication model with disease-

specific outcome models as recommended by DA quality-standards. We selected the validated 12-

month ICH-model and 12-month hemicraniectomy trial outcome data for AIS because they include 

validated long-term outcome assessments. Next, we performed acceptability and usability testing of 

both DAs using validated scales in family members recruited from two academic neuroICU waiting 

rooms. 

Results 

We successfully modified the DAs and created new icon-arrays to optimize the display of predicted 

outcome probabilities and uncertainties, as has been shown in risk communication studies. Twenty 

family members from two centers participated in acceptability and usability testing. Median usage time 

was 22±7 minutes. Usability was very good (mean System-Usability-Scale-score =77/100). 89% of 

amount, balance and comprehensibility. 

Conclusions 

We developed three goals-of-care DAs for surrogates of critically ill TBI, ICH and AIS patients that include 

disease specific icon-arrays to communicate outcome probabilities meeting international DA standards. 

DAs is ongoing, in preparation for a future multicenter comparative-

effectiveness trial. Our rigorous development process following international DA standards may serve as 

a template for other neuroICU DAs. 
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Volume-Based Enteral Nutrition in the Neurocritical Care Unit 

Joan M. Walsh 

Rhode Island Hospital Nursing Professional Practice and Research, Providence, RI, United States 

 

Introduction 

Neurocritical care patients receiving rate-based enteral nutrition (RBEN) consistently received less than 

their full prescription of enteral nutrition (EN) volume due to interruptions in feeding. Rate-based EN 

does not allow the nurse to increase the rate after interruptions leaving patients at risk for underfeeding 

(Kim et al. 2010, Yeh & Peev, 2016). Low caloric intake over time is associated with a) 

immunosuppression, b) impaired wound healing, c) muscle wasting, d) increased hospital and intensive 

care unit (ICU) lengths of stay, e) increased costs, and f) increased mortality (Barker et al. 2011, Elke et 

increase the likelihood of adult neurocritical care patients receiving the predetermined goal of 85% or 

more of the prescribed volume of enteral nutrition over the course of the NCCU length of stay through 

the use of a volume-based EN (VBEN) protocol which allows the RN to increase the tube feeding rate 

after interruptions occur. 

Methods 

A retrospective pre and postimplementation chart review was conducted on patients aged 18 or greater 

and less than 90 years with a neurological-related injury or disease process who received EN for three or 

more days during their NCCU stay. 

Results 

Despite no significant differences in characteristics or gastrointestinal complications between the 

groups, there was a significant increase in the percentage of prescribed EN volume delivered over the 

course of NCCU stay of 23.15 percentage points in the VBEN group (M = 95.3, SD = 4.92) as compared to 

the RBEN group (M = 72.15, SD = 10.55), t(27, n = 40) = 8.89, p <<0.001, two tailed, unequal variances. 

Conclusions 

VBEN can be safely implemented in the neurocritical care population and is associated with significant 

improvement in EN volume delivery. 
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ABCDEF Bundle (A-F) Impact in the Neurosciences ICU (NSICU) 

Jynette Querubin; Joan Brown; Kai Chen; Benjamin Emanuel; Sebina Bulic; Peggy Nguyen; Elizabeth 

Winfrey; J. Perren Cobb; May Kim-Tenser 

Keck Hospital of USC Critical Care Working Group, Los Angeles, CA, United States 

 

Introduction 

-

pain, agitation, delirium, and machine support in the ICU. A- -Intensive 

Care Syndrome (PICS), manifest as psychological and physical debilitation that persists beyond 

discharge. A- -

neurocritically ill patients is not known. Practices aligned with individual elements of the A-

population were deemed beneficial for patients within this cohort. We asked the question, does the 

implementation of the A-  

Methods 

Systematic training on A- -professional teams was implemented. Baseline data, total bundle 

compliance, and individual element compliance were measured and analyzed using an approach 

adopted from the published SCCM ICU liberation campaign. Mortality, ventilator hours, delirium, length 

of stay (LOS), and cost were compared to baseline against the third month post education to evaluate 

the impact of A-  

Results 

Preliminary analysis suggests that increased compliance with A- whether wholly or in part, resulted in 

improved value of care, as evidenced by a decrease in mortality from 7% to 4%, as well as a reduction in 

total ICU LOS adjusted by acuity from 2.19 days to 1.36 days. This translated into a reduction in cost. As 

additional experience (and data) become available, further analysis is planned to evaluate the impact of 

A-  

Conclusions 

Early results from a systematic implementation of A-

and pertinent to improving patient outcomes and value of care. 
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Serious Illness Communication Simulation for Neurology Residents- A Pilot Study 

Marcey Osgood; Brian Silver; Vandana Nagpal; Jennifer Reidy 

University Of Massachusetts, Neurology Department, Worcester, MA, United States 

 

Introduction 

Many neurologic diseases are incurable, and patients are faced with prognostic uncertainty, progressive 

decline and early mortality. As a result, ACGME requires training in serious illness communication for all 

neurology residents; however, only 52% of programs offer formal education. To address this gap at our 

institution, we created a training program for neurology residents to improve their skills, attitudes, and 

behaviors regarding serious illness conversations 

Methods 

We designed and implemented a 3-hour training program utilizing the Serious Illness Conversation 

Guide (ariandnelabs.org). The training program is comprised of a didactic session, a simulated patient 

experience and debriefing. Residents were asked to have a goals of care (GOC) conversation with family 

members (actors) of a patient with catastrophic stroke. A faculty facilitator observed each interaction, 

allowing residents to self-assess, obtain feedback from the actors and peers and then practice specific 

components of the conversation. Residents filled out a survey both prior to and following the simulation 

and the faculty filled out an evaluation for each of the residents. 

Results 

led out a pre-survey. The majority (8/12) felt that 

the residency did not adequately prepare them to have GOC discussions though more than 50% of 

residents reported feeling comfortable and confident performing these discussions. Despite this 

confidence, the observing faculty found 10/14 residents require direct supervision and are not ready to 

have these conversations independently. The residents struggled with conveying prognosis, maintaining 

silence, and dealing with strong emotions. All residents reported the training was a helpful, rewarding 

experience and improved their overall abilities to discuss GOC, address prognosis, and explore end-of-

life issues. 

Conclusions 

This small pilot study demonstrates an innovative model to improve residents’ communication skills 

surrounding effective GOC discussions even when they report increased confidence and independence 

in these difficult conversations. 
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Effects of Sedatives, Patient Characteristics, and Burst Suppression on ICU Patient Mortality 
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Introduction 

Studies of patient outcomes in mechanically ventilated ICU patients have discovered associations among 

sedative drugs, patient characteristics (demographics and illness), burst suppression (brain inactivation), 

and mortality. However, association does not imply causation. It remains unclear (1) whether 

unintentional burst suppression has a causal effect on mortality, (2) the degree to which drugs directly 

impact mortality, and (3) whether drugs impact mortality indirectly by causing burst suppression. 

Patient characteristics are a possible source of confounding. We estimated causal effects of 

unintentional burst suppression, critical illness severity and the anesthetic sedation on in-hospital 

mortality in mechanically ventilated ICU adult patients. 

Methods 

This was a longitudinal study with an observational cohort of 474 adult ICU patients. EEG recordings 

were obtained for each patient and reviewed by 2 clinical neurophysiologists per institutional protocol 

to determine the presence of burst suppression in each epoch (8-12 hour segment). The causal effects 

were estimated using causal statistical inference (Pearl’s do-calculus). To assess the robustness of our 

results towards unmeasured confounding, we performed sensitivity analysis using the E-value. 95% 

Confidence Intervals were created using bootstrapping. 

Results 

On average, increased drug exposure causes a 4% increase in mortality (95% bootstrapped confidence 

interval -.01, .1) and a 5% increase in burst suppression incidence (.01, .09). Burst suppression mediates 

15% of the impact of drug exposure on mortality and is associated with a 15% increase in mortality (.04, 

.24). Increased severity of illness causes a 43% increase in mortality (.13, .66), and a 13% increase in 

burst suppression burden, measured by the percent of epochs during which patients experienced burst 

suppression (-.12, .32). 

Conclusions 

Unintentional burst suppression contributes substantially to in-hospital mortality. However, 

unintentional burst suppression appears to be affected more by patient characteristics such as severe 

critical illness than by high exposure to sedative drugs. 
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Neurologic complications in the Boston Medical Center Endocarditis Registry, 2017-2019 

Erin Barnes; Thiago Carneiro; Elie Sader;, Charlene Ong; Kushak Suchdev; Courtney Takahashi; David 

Greer; Gioacchino Curiale; Julie Shulman; Hugo Aparicio; Thanh Nguyen; J. Rafael Romero; Zoe 

Weinstein; Maura Fagan; Nikola Dobrilovi;, Eric Awtry; Anna Cervantes-Arslanian 
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Introduction 

Infectious endocarditis (IE) is a growing health concern, with increasing incidence in the context of the 

opioid epidemic. We described a large case series of patients with IE at an urban, academic safety-net 

hospital. 

Methods 

Clinical data on patients with diagnosis of IE were entered into an endocarditis work group single-center 

registry. The mission of the multidisciplinary group is to optimize clinical care, especially as it pertains to 

cardiac surgical management. We reviewed demographic information, history of prior cardiac valve 

replacement, intravenous drug use (IVDU), blood culture results, and diagnostic studies (ie 

echocardiogram, brain CT/MR imaging, and conventional angiography). 

Results 

Between November 2017 and May 2019, 99 consecutive patients (mean 41.2 years; aged 20-82 years; 

46% male) with IE were admitted to our center. Patients had a history of IVDU in 73% of cases. 37 

unique microbes were isolated, most commonly Staphylococcus species (33 MSSA, 22 MRSA, 10 other). 

Polymicrobial infection occurred in 33 patients. On echocardiogram, vegetations were seen on tricuspid 

(48), mitral (49), aortic (18), and pulmonic (2) valves. 10 patients had multi-valve involvement. 63 

patients underwent brain CT or MRI demonstrating- cerebral infarctions (20), subarachnoid hemorrhage 

(SAH) (6), intracerebral hemorrhage (ICH) (9), brain abscesses (3), and mycotic intracranial aneurysms 

(4). Neurologic complications occurred most frequently in the setting of mitral valve disease (15 infarcts, 

5 SAH, 5 ICH) and in those with Staphylococcus (11) and polymicrobial infection (7). Tricuspid valve 

vegetations were associated with 4 cerebral infarcts and 1 ICH. 

Conclusions 

Despite frequent association with IVDU, left-sided cardiac valve vegetations were common. Mitral valve 

involvement, Staphylococcus species and polymicrobial infections were associated with increased risk 

for neurologic complications. Neurologic complications also occurred in patients with right-sided 

valvular disease, suggesting a need for increased surveillance in this population. 
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Tertiary Care Transfer, Early Mortality and Goals of Care Discussions in Patients with Acute 

Neurological Conditions 

Justin Brooten; Jennifer Gabbard; Carl Grey; Aarti Sarwal 

, Winston Salem, NC, United 

States 

 

Introduction 

Acute neurological conditions such as traumatic brain injury (TBI), cerebrovascular accident (CVA), and 

hypoxic-anoxic injury (HAI) can significantly impact a patient’s functional status, and life expectancy.  

Older adults may have poorer outcomes, especially those with premorbid conditions. Studies have 

shown a preference for less aggressive care if patients and/or families anticipate a shorter life 

expectancy, or poor outcome.  As such, early delivery of prognostic information and discussion of goals 

of care (GOC) can be crucial for patients prior to transfer to a tertiary care facility. 

Methods 

This is a retrospective cohort study of patients aged 18 and older with CVA, HAI, or TBI who died within 

72 hours of 

Charts were reviewed to assess documentation of pre-transfer GOC discussions, code status change 

after transfer, prevalence of palliative care consultation, and other utilization markers. 

Results 

90 patients met inclusion criteria with 52.2% being male and 47.8% female with median age 66.5. The 

majority of patients were transferred from an emergency department (84.4%). Only 5.6% of patients 

had documented GOC discussions prior to transfer.  Only 6.7% patients of patients underwent surgical 

intervention.  After transfer, 87.8% of patients downgraded their scope of treatment to comfort 

measures prior to death, with this being even higher in those 65 and older (95.8%). Palliative care 

consultation took place in only 5.6% of patients after transfer. 

Conclusions 

While transfer to a tertiary medical center is sometimes necessary, only 5.6% of patients had 

documented GOC discussions and the majority (87.8%) downgraded their scope of treatment to comfort 

measures after transfer suggesting a potential opportunity for earlier GOC discussion and possible 

avoidable hospital transfers. These findings can inform the design of future interventions to improve 

communication and decision-making regarding goals of care in patients with high mortality neurological 

conditions. 
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Neurological Emergency Response Team 

Caitlin Harley; Erin Simko; Maryanne McCarrin; Patrick Becher; John Pescatore; Dennis Caliguri 

Jefferson Hospital of Neuroscience, Philadelphia, PA, United States 

 

Introduction 

A neurological emergency response team (NERT) was implemented at a dedicated neuroscience hospital 

in an academic medical center in anticipation of higher patient volumes with the extended treatment 

window for acute ischemic stroke.  Goals of the NERT are to ensure safe and effective care transition 

into the acute care setting and a standardize approach to neurological emergency. 

Methods 

A dedicated clinical team examined the current structure for safe & effective patient triage, monitoring 

and transition from the interventional neuroradiology (INR) suite to the neurocritical care unit. Clinical 

nurses with over three years’ experience in neurocritical care were vetted, trained & scheduled to 

provide 24/7 continuous coverage.  After patients were triaged via telemedicine technology, the NERT 

nurse was alerted via automatic text message system and prepared to receive the patient via ambulance 

to the INR suite. During the assembly of the INR team, the NERT nurse assessed and monitored the 

patient and initiated diagnostic testing. Upon completion of intervention, the NERT initiated transfer of 

care to the neurocritical care unit.  Stroke volume and door to treatment times were evaluated pre- and 

post-intervention. 

Results 

In 2017, 289 ischemic stroke patients were admitted through the INR suite, with 74 being treated with 

endovascular intervention. In 2018, 560 ischemic stroke patients were admitted, with 157 patients being 

treated with endovascular intervention. Since the implementation of the NERT, average median arrival 

time to skin puncture for intervention decreased by seven minutes with a 50% increase patient volume. 

Conclusions 

A dedicated Neurological Emergency Response Team is an effective model to support the increase in 

patient volume for evaluation of acute ischemic stroke intervention.  This approach demonstrates the 

potential for efficient, safe and timely triage, intervention and care transition to the Neuro ICU for 

stroke patients. 
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Dissecting the Optimized Adaptive Stress Response of Arctic Ground Squirrels with CRISPR Base 

Editing 

Neel Singhal; Evan M. Lee; Meirong Bai; Shuo Luo; Dengke Ma 

, , CA, United States 

 

Introduction 

Arctic ground squirrels (AGS) endure harsh winter environments through hibernation. Curiously, AGS are 

resistant to stroke and other ischemic injuries independent of season or metabolic state. The details of 

physiologic and cell autonomous genetic adaptations underlying this metabolic resilience is largely 

unknown. 

Methods 

The resilient metabolic and mitochondrial phenotype of AGS neural cells was examined in vitro after 

exposing cells to hypoxia, hypothermia, or mitochondrial toxins and assaying for cell survival, 

mitochondrial morphology, and oxygen consumption rate. A cDNA library prepared from AGS cells and 

nucleofected into mouse neural cells exposed to metabolic stressors was used to perform a functional 

genetic screen. A bio-informatics pipeline identified  screened candidates with key amino acid 

substitutions that may have evolved to optimize stress response function. Newly described dCas9 base 

editors capable of substituting C->T (and G->A) were used to systematically mutate and explore the role 

of identified proteins in mediating the AGS optimized adaptive stress response. 

Results 

We found that AGS neural cells exhibit marked resistance to all metabolic stressors. This is associated 

with enhanced mitochondrial function and improved morphology. The functional genetic screen 

identified a network of evolutionarily-conserved AGS transcripts imparting cytoprotection. Use of dCas9 

base editors on candidates suggested by the bio-informatics pipeline, confirmed the coordinated role of 

specific components of the oxidative phosphorylation (OXPHOS) and endoplasmic reticulum (ER) stress 

response systems in imparting mitochondrial and neuroprotection in our in vitro model. 

Conclusions 

We gained key functional insights into how specific amino acid substitutions in  the machinery of the 

OXPHOS and ER stress responses systems alter mitochondrial function to impart cytoprotection to 

metabolic insults. This detailed dissection of the AGS optimized adaptive stress response pathway will 

serve as an template for the development of new neuroprotective treatments. 
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An Unusual Etiology of Acute Ascending Weakness With Respiratory Failure 

Alan S. Nova; Stephen Schale; Jamie Nicole Labuzetta 

University of California San Diego, Department of Neurosciences, La Jolla, CA, United States 

 

Introduction 

Acute ascending weakness with respiratory failure is a frequent syndrome encountered in the 

neurocritical care unit (NCCU), often related to demyelinating or infectious etiology. However, here we 

describe a case of acute ascending weakness with encephalopathy, respiratory failure and autonomic 

instability that was related to confirmed endocrinological etiology. 

Methods 

Prospectively collected data was retrospectively extracted from the electronic health record in a patient 

known to our NCCU team. 

Results 

A 24-year-old male with medical history of childhood meningitis was transferred to the NCCU after 

initially presenting to an outside emergency department (ED) with a chief complaint of bilateral lower 

extremity weakness progressing to paraplegia over 4 hours. Six hours into his course in the ED, he 

developed bilateral upper extremity paresis and respiratory distress. Physical exam in this ED was 

additionally notable for areflexia and a sensory level at T7. He was intubated, initiated on IVIG and 

methylprednisolone, and airlifted to our institution. Upon arrival, telemetry showed frequent 

supraventricular tachycardias refractory to standard treatment. Labs (including cerebrospinal fluid) were 

notable only for serum potassium <1.5 mEq/L, thyroid stimulating hormone <0.01 uIU/mL, T3 5.2 

uIU/mL (0.8- -1.7). He was diagnosed with thyrotoxic periodic paralysis. At 

endocrinology’s urging, the patient was given propranolol 1 mg IV every 10 minutes for 3 doses, 

propylthiouracil and hydrocortisone. In the hours following propranolol, his potassium improved, his 

paralysis and encephalopathy resolved, and he was ultimately extubated without difficulty <48hours 

after admission. Review of symptoms performed after improvement revealed recent symptoms 

consistent with hyperthyroidism. 

Conclusions 

Intensivists should remain aware of the differential diagnoses that can manifest with motor weakness 

and respiratory failure. In this patient, severely elevated thyroid hormone led to thyrotoxicosis and 

subsequent profound hypokalemia. Acquiring a thorough history and reviewing laboratory abnormalities 

remain paramount for timely diagnosis. 
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Functional Outcome after Critical Illness: A population-based study 

Tarun D. Singh; Mania Hajeb; Amra Sakusic; Jonathan Graff-Radford; Ronald C. Petersen; Ognjen Gajic; 

Alejandro A. Rabinstein 

Mayo Clinic, Rochester, NY, United States 

 

Introduction 

The objective of the study is to determine the prevalence of disability among ICU survivors one year 

after admission, and factors influencing functional outcome. 

Methods 

We conducted a population based cohort study in the ICUs of the Mayo Clinic, Rochester, MN. We 

enrolled consecutive patients from the Mayo Clinic Study of Aging (MCSA) and then admitted to medical 

or surgical adult ICUs at Mayo Clinic, Rochester between January 1, 2006, and December 31, 2014. 

Patients admitted to the Neuroscience ICU were excluded. We collected their demographic and clinical 

variables, length of ICU stay, functional and cognitive status (before and after ICU admission), 

comorbidities (components of Charlson score), and APACHE 3 were retrieved from the Electronic 

Medical Records using Multidisciplinary Epidemiology and Translational Research in Intensive Care 

(METRIC) Data Mart. One-year functional outcome was categorized using the modified Ranking Scale 

(mRS)  with scores 0 to 2 representing good functional outcome. 

Results 

831 cases were included and 569 (68.5%) patients were alive one year after ICU admission. Of them, 546 

patients had one-year follow-up functional assessment and 367 (67.2%) of them had good functional 

outcome. On multivariable analysis, poor one-year functional outcome (death or disability) was more 

common among women, older patients, baseline cognitive impairment (mild cognitive impairment or 

dementia),  higher Charlson scores, and longer ICU stay (all P<0.01). After excluding deceased patients, 

these associations remained unchanged. In addition, 120 (32.3%) of 372 patients who had post-ICU 

cognitive evaluation, experienced cognitive decline after the ICU admission. 

Conclusions 

Approximately two-thirds of survivors maintained or regained good functional status one year after ICU 

hospitalization. Older age, female sex, greater comorbidities, abnormal baseline cognition, and longer 

ICU stay were associated with poor functional recovery. 
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Improving the Navigation Design of a Digital Decision Aid for Surrogate Decision-makers of Critically Ill 

Traumatic Brain Injury Patients Using Eye Tracking Technology: A Single-Masked Randomized Study 

Susanne Muehlschlegel; Soussan Djamasbi; Bengisu Tulu; Javad Norouzi Nia; Andrew Aberdale; 

Christopher Lee 

Depart. of Neurology, Anesthesia/Critical Care & Surgery, University of Massachusetts Medical School, 

Worcester, MA, United States 

 

Introduction 

Shared decision-making using decision aids (DA) is recommended by major professional critical care 

societies for surrogate decision-making in the ICU to reduce decisions incongruent with patient values 

and preferences and decisional conflict. We converted a paper-based goals-of-care DA in critically-ill TBI 

patients to a digital DA. We applied eye-tracking-technology in a single-masked randomized study to 

understand the effects of and optimize the DA navigation design to facilitate information processing. 

Methods 

We created two digital DAs: (1)unmodified conversion of the paper-DA with horizontal, top-justified 

static navigation (control) vs. (2)vertical, left-justified navigation with page subsections and page 

completion checkmarks (experimental), which encourages users to view pages in order. Sixteen healthy 

participants were randomly assigned to the two groups (n=8/group, masked to DA assignment) and 

navigated through the DAs. Using t-tests, we compared user disorientation and usability using validated 

scales, and eye movements (fixation and saccades) recorded with eye-tracking-technology. Impact of 

navigation on usability was assessed with linear regression, adjusting for disorientation(System-

Usability-Score= b0+ b1*Disorientation). 

Results 

Disorientation was significantly less in the experimental DA (mean 6.5 vs.5.2;p=0.005;smaller values 

indicating increased disorientation) with no difference in usability (mean System-Usability-Scale scores 

81 vs.78;p=0.64;scores>72 indicating good usability[range 0-100]). Regression analysis revealed a 

significant association between disorientation and usability (p=0.01), with disorientation explaining 31% 

of the variation in System-Usability-Scale scores (adjusted R2=0.31). Eye-tracking measurements 

revealed longer average fixation per page in the experimental DA (mean 0.24s vs.0.23s;p=0.03) and a 

higher ratio of information processing to search per page (fixation-duration over total duration of both 

fixations and saccades on a page; mean 0.89 vs.0.88;p=0.0003). 

Conclusions 

Eye-tracking-technology suggested that the experimental navigation design significantly improved the 

navigation experience resulting in less disorientation and participants spending less time searching and 

more time processing the information. While there was no difference in subjective usability, we found a 

significant association between improved navigability and higher usability. 
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The Implementation and Assessment of a Comprehensive Simulation-Based Curriculum in Treating 

Acute Neurological Emergencies at UC San Diego: Preliminary Results and Findings 

Victoria Wu; Kunal Agrawal; Cynthia Gonzalez-Gonzalez 

University of California San Diego, San Diego, CA, United States 

 

Introduction 

High-fidelity simulation has become an important mode of learning in medical education. Currently, 

there is little data regarding the impact of simulation-based learning in neurocritical care training. In 

May 2019, we presented a poster at the American Academy of Neurology Annual Meeting introducing a 

comprehensive simulation-based curriculum for neurocritical care training at UC San Diego (UCSD). In 

this poster, we aim to present additional preliminary findings regarding trainee comfort levels, interest, 

and areas of improvement. 

Methods 

This is a single-group pre-post study involving current residents of the UCSD Department of Neurology. 

Simulation sessions consist of interactive, faculty-led, and checklist-based clinical scenarios (ischemic 

stroke, intracranial hemorrhage, status epilepticus, spinal cord emergencies) followed by debriefing 

sessions. Collected data assesses for self-perceived comfort/confidence levels, future interest, and 

checklist item completion. 

Results 

Between January 2017 and July 2018, 22 PGY 2-4 neurology residents participated in various simulation 

sessions on ischemic stroke, intracranial hemorrhage, and status epilepticus. Prior to the session, 62.5% 

of all trainees reported no more than somewhat comfortable in treating neurological emergencies 

despite having received some type of neurological emergency training through didactic lectures. 

rtable in treating the specific simulation case in 

observation of each simulation session pinpointed specific areas of improvement amongst trainees on 

an individual basis (i.e. time to intubation after benzodiazepine administration in refractory status). 

Conclusions 

Preliminary results suggest that simulation-based learning is valuable and applicable in the neurocritical 

care training process, allowing trainees to feel more comfortable in managing acute neurological 

deterioration and faculty to directly observe trainee skill in a controlled setting. Through this project, we 

hope to highlight the need for simulation-based education in neurocritical care training by providing 

evaluative information and generalizable curricular examples. 
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Clinical Score to Predict the Risk of Neurotoxicity after CAR T Cell Therapy 
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Brigham and Women's Hospital, Department of Neurology, Boston, MA, United States 

 

Introduction 

Chimeric antigen receptor (CAR) T cell therapy for refractory/relapsed hematologic malignancy often 

causes severe neurologic side effects ranging from encephalopathy and aphasia to fulminant cerebral 

edema and death. The cause of neurotoxicity is poorly understood. We sought to develop a score based 

on clinical and laboratory parameters to predict which patients would develop CART-associated 

neurotoxicity. 

Methods 

All patients undergoing CART therapy at Brigham and Women’s Hospital for relapsed/refractory 

hematologic malignancy were prospectively studied. Patients were assessed daily during their admission 

for cytokine release syndrome (CRS) and neurotoxicity. Vital signs, laboratory data, and medication 

administration records were extracted from the medical record. Logistic regression was used to 

determine which clinical and laboratory features were significant predictors of developing neurotoxicity. 

Results 

159 patients were included. 121 experienced CRS and 73 experienced neurotoxicity. Early (within 3 days 

after CART infusion) fever and elevated serum C-reactive protein (CRP), timing of CRS onset, CRS grade, 

and treatment with tocilizumab were all significant predictors of neurotoxicity. Using ROC curves, 

optimal discriminators were defined and used to derive a score to predict neurotoxicity. One point was 

assigned for fever, serum CRP > 79.3 mg/dL, and each dose of tocilizumab administrated, zero to four 

points for CRS grade, and zero to three points for day of CRS onset. This score ranged from 0 to 14 for 

our cohort and had an AUC of 91%; a score >= 5 predicted neurotoxicity with a sensitivity of 82% and a 

specificity of 84%. Bootstrap analysis was used to demonstrate robustness. 

Conclusions 

We used regression analysis to develop a score that can prospectively predict which patients are most 

likely to suffer from neurotoxicity related to CART therapy. This score can be used for triaging and 

resource allocation during the care of the patients after treatment with CART therapy. 
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Creating a “Go Bag” For External Ventricular Devices (EVD) Placement 

Catherine Gargan; Redi Rahmani; Audrey Paulzak; Debra Roberts  

University of Rochester Medical Center, Neuro ICU, Rochester, NY, United States 

 

Introduction 

When brain herniation is impending, every minute matters; so the efficient and expedient procurement 

of all components required for external ventricular device (EVD) placement is vital to neurological 

preservation. The neurosurgical residents at the University of Rochester Medical Center often struggled 

to assemble the appropriate supplies for an EVD placement in a timely manner when patients were not 

yet admitted to the Neuro Intensive Care Unit (Neuro ICU). Additionally it was difficult to track 

equipment use and supply costs. In response, the Neuro ICU’s Quality Improvement (QI) team designed 

an EVD “Go Bag” in an effort to improve delays in care, patient experience, and avoidable costs. 

Methods 

The multidisciplinary Neuro ICU QI team collaborated to design a portable bag that contained all 

equipment necessary for EVD placement. Two neurosurgery residents performed time trails, in real 

emergency situations, by measuring the time from decision to place an EVD in Emergency Department 

(ED) Critical Care Bay, to collecting the equipment from the Neuro ICU and return to the bedside in the 

ED. Times were compared with and without using the EVD “Go Bag”. 

Results 

The EVD “Go Bag” decreased the time to placement of an EVD by up to 17 minutes when compared to 

the traditional method of retrieving all EVD equipment from the Neuro ICU stockroom. 

Conclusions 

Time reduction was due to the speed of gathering supplied and the ability for the Neuro ICU staff to 

bring the EVD “Go Bag” to the patient’s bedside. The EVD “Go Bag” allowed for better tracking of 

monetary costs and equipment, allowing for appropriate billing and stocking of supplies. A system was 

developed where the bag was checked and restocked daily by the critical care equipment technicians 

and the Neuro ICU charge nurse 
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Prognostic Uncertainty in Neurologic Emergencies: What Families Need and Physicians Say 

Susanne Muechlschlegel; Kelsey Jones; Thomas Quinn; Kathleen Mazor 

Department of Neurology, University of Massachusetts Medical School, Worcester, MA, United States 

 

Introduction 

Despite a growing number of prognostication models in neurologic emergencies, prognostic uncertainty 

remains inevitable and plays a central role during goals-of-care decision-making for incapacitated 

critically ill patients. We aimed to examine surrogate decision-makers’ communication needs and 

physicians’ strategies for communication of prognostic uncertainty during family meetings for critically 

ill traumatic brain injury (ciTBI) patients. 

Methods 

We qualitatively analyzed semi-structured interviews of 16 surrogates of ciTBI patients from two level-1 

U.S. trauma-centers and 20 TBI expert physicians from 7 U.S. trauma-centers. Open-ended questions 

about prognostic uncertainty were asked. Interview transcripts were analyzed with the investigator-

triangulated-inductive-framework-approach in NVIVO-software. 

Results 

Prognostic uncertainty was identified as the most difficult aspect of decision-making for surrogates by 

physicians and surrogates alike, although most surrogates had some pre-existing expectation or 

understanding of it. 95% of physicians observed that uncertainty is distressing for families, with 90% 

employing specific measures to limit uncertainty. Over half of physicians described explaining the 

concept of uncertainty so surrogates understand that physicians can estimate the odds but not predict 

the future. Physicians typically conveyed prognosis using a range of outcomes, and conveying certainty 

only for prognostic extremes. Surrogates found uncertainty around prognosis was lessened when 

physicians explained all possible treatment options, with support from clinical data. Roughly half noted 

that too much certainty in providing a prognosis, without a range of possible outcomes, led to distrust in 

the information provided by the physician, increasing decisional conflict. The vast majority of physicians 

admitted statistical uncertainty in deriving prognosis, particularly for patients with TBI, and cited 

mistrust of prognostic models when deriving long-term prognosis. Most physicians felt that uncertainty 

around prognosis led to increased incidence of tracheostomy and feeding tube placement. 

Conclusions 

These results provide foundational knowledge for physician-family communication, by identifying 

important gaps between surrogates’ communication needs and physicians’ practices about prognostic 

uncertainty. 
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Identifying Trends and Gaps in the Current Digital Narrative Around #Stroke 

Natalia Romano Spica; Julianne Kleitsch; Dominic Nistal; Trevor Hardigan; Alexandra S. Reynolds; Kate 

Reilly; Cappi C. Lay; Harpreet S. Grewal; Kathleen Sala; Viren Kaul; Christopher P. Kellner; Christopher L. 

Carroll; Neha S. Dangayach 

Icahn School of Medicine at Mount Sinai, Department of Neurosurgery, New York, NY, United States 

 

Introduction 

The rapid rise in social media utilization among both patients and healthcare providers has moved a 

considerable portion of conversation around health and disease to the digital space. Today, roughly 

nine-in-ten American adults use the internet, with 79% of internet users participating in social media. 

The power and reach of social media platforms makes it imperative for clinicians to be aware of the  

trends in the public narrative around common disease processes. In this study, we analyzed the last 2.5 

years of postings (“tweets”) from a popular social media platform, Twitter, to characterize themes and 

trends in the digital conversation around stroke, the leading cause of long term disability in the US. 

Methods 

Tweets under the hashtag #stroke, published from January 1st 2016 to April 26th 2019, were extracted 

through Symplur Signals, LLC. A total of 836,719 #stroke tweets were qualitatively coded and sentiment 

analysis was performed after selection for relevance among all homographs. 

Results 

Accounts owned by stroke-related advocacy groups were found to be the most prolific contributors of 

#stroke postings, with content mostly around primary stroke prevention (risks and signs). Among the 

100 most popular associated hashtags, over half of the tweets focused on comorbidities and the 

challenges of the stroke recovery process (top trending words included #aphasia, #lockedin, #survivor, 

#depression). 

Conclusions 

Our preliminary analysis describes trends in themes and stakeholder participation in the current #stroke 

online conversation. It also exposes important gaps in the public discourse beyond the setting of 

academic and research online communities, namely around existence of therapeutic treatments, 

availability of resources for patients and families navigating the recovery process, and possibility of 

successful recovery and long term outcomes. Such knowledge around the digital stroke narrative may 

provide valuable context to intensivists and stroke clinicians interacting with patients and families 

affected by stroke. 
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A Case of Meningoencephalomyelitis Associated with an Auto-antibody to Glial Fibrillary Acidic 

Protein (GFAP) in Astrocytes 

E. Megan Callan; Danuel K. Snelgrove; Charles M. Andrews 

Medical University of South Carolina Department of Neurosurgery, Charleston, SC, United States 

 

Introduction 

The field of autoimmune neurology, specifically the autoimmune encephalitides, has expanded since the 

early 2000’s. Increasingly newer antibodies to various parts of the nervous system are being identified in 

discovered in patients with meningoencephalomyelitis, or some spectrum of these three singular 

entities. 

Methods 

Data was reviewed from electronic medical records for this case report. 

Results 

A previously healthy 31 year-old male initially developed a case of aseptic meningitis, progressing to 

encephalitis and then extensive longitudinal myelitis leading to profound paresis and respiratory failure. 

An extensive workup was performed, including evaluation for rare infectious and 

ominant leukocytosis 

(491/ L and 328/ L) and elevated protein (> 200 mg/dL). He was treated empirically with antibiotics 

which were discontinued after negative results and cultures. After therapy with high dose IV steroids he 

had minimal improvement and pl

had improvement in his symptoms. He was started high dose prednisone with plans to slowly taper after 

 return with 

positive anti-  

Conclusions 

In review of the literature our patient had several characteristics consistent with others who were also 

anti-

psychiatric symptoms. Many reports state steroids lead to remission and improvement, however in this 

case our patient did not have substantial recovery until after the initiation of PLEX. At this time it is 

hether these antibodies instead represent a 

marker of other underlying disease from cytotoxic T cell damage to astrocytes. 

332/341



Neurocrit Care (2019) 31:S1–S341 S333

P
O

S
T

E
R

 S
E

S
S

IO
N

S

Poster 323 

Stroke Templates, Trainee Education, and Chart Audits Improve Documentation and Quality Metrics 

Randi Toumbs; Thanh Dao; Liang Zhu; Louise McCullough; Sean Savitz; TC Cossey 

Memorial Hermann Hospital, Houston, TX, United States 

 

Introduction 

Healthcare reimbursement has shifted in focus from quantity of procedures/patients to quality of care 

delivery.  Identifying/benchmarking standards is important to improve quality and decrease costs. 

Measuring quality of care is challenging, especially for tertiary healthcare centers dealing with the 

sickest patients. Two years ago, stroke patient acuity was not accurately represented by the assigned 

case mix index (CMI) due to poor documentation. We developed a stroke-note template which contains 

key diagnoses that impact expected length of stay (ELOS), educated trainees on its usage, and audited 

the notes regularly. We hypothesize that these interventions would improve the quality metrics (LOS, 

CMI). 

Methods 

Descriptive statistics were used to analyze outcomes before and after implementation of the templates.  

The outcomes included CMI, ELOS, OLOS, O/E LOS, and variance days (OLOS-

variables, Kruskal-Wallis test was used for comparison among 3 years and Wilcoxon rank-sum test was 

used for comparison between 2 years. Categorical variables were analyzed using Chi-square test. 

Significance level was set at p<0.05.  Analyses were performed using SAS 9.4. 

Results 

There are significant improvements among the 3 years (before, after, and maintenance data) for all 

days are 

between Jul 16-Jun 17 (before) vs Jul 17-Jun 18 (after), and Jul 16-Jun 17 (before) vs Jul 18-Mar 19 

(maintenance) with all p values less than 0.0001, which remains significant even after multiple testing 

adjustments. There are no significant differences between the after and maintenance data sets for O/E 

LOS and variance days indicating stability with the decreased effort of chart audits. There are no 

significant differences/changes in the demographics and stroke type among the 3 years. 

Conclusions 

Stroke templates, annual trainee education, and random chart audits are a sustainable, low 

maintenance intervention that improves documentation accuracy and addresses healthcare quality 
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Neurocritical Care Physicians Survey of Training Experience & ABPN Certification 

Avni M. Kapadia; Dorthea Juul; Patti Vondrak; Larry R. Faulkner 

Johns Hopkins University Department of Neuroanesthesiology and Critical Care Medicine, Baltimore, 

MD, United States 

 

Introduction 

The United Council for Neurologic Subspecialties (UCNS) accredits neurocritical care (NCC) subspecialty 

fellowships and certifies neurointensivists. In 2018, the American Board of Medical Specialties (ABMS) 

approved the application for NCC subspecialty certification by American Board of Psychiatry and 

Neurology (ABPN) and the Accreditation Council for Graduate Medical Education (AGME) approved NCC 

fellowship training in 2019. Previous studies have shown significant heterogeneity in NCC fellowship 

training and procedural competencies and that many programs do not have the necessary resources for 

a transition to ACGME accreditation. 

Methods 

In 2018, an online survey of ABPN neurology diplomates was utilized to estimate the number of 

neurologists practicing NCC, their NCC fellowship training experiences, whether their institutions 

required certification in NCC, their scope of practice, and their interest in pursuing ABPN certification in 

NCC. 

Results 

300 survey respondents indicated that they practiced NCC. Based upon UCNS and other data, this is 

estimated to be at least 30% of all neurologists practicing NCC. 50% of UCNS-certified NCC respondents 

identified the primary scope of their practice as academic involving a fellowship program, and 45% of 

non-UCNS-certified NCC responders identified themselves as private practitioners. Nearly 90% of 

fellowship trained NCC respondents obtained UCNS certification. 55% of UCNS-certified NCC 

respondents reported that their institutions required UCNS certification, whereas 83% of non-UCNS-

certified NCC respondents reported no institutional requirements for certification. Over 80% of 

respondents thought NCC training was relevant to their current clinical practice. Most respondents 

indicated that they planned to take the ABPN NCC examination, and >60% of respondents reported that 

ABPN certification would most benefit them by improving their colleagues’ perceptions about the 

quality of certification. 

Conclusions 

NCC training and certification is valued by most neurologists practicing NCC, and most believe that ABPN 

NCC certification will advance the recognition of the field of NCC. 
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Cerebral Edema in Acetaminophen-Induced Acute Liver Failure 

Joseph Miller; Ahsan Akram; Gina Hurst; Jayna Gardner-Gray; Jacqueline Pflaum-Carlson; Lydia 

Baltarowich 

, Detroit, MI, United States 

 

Introduction 

Cerebral edema is a severe complication of acetaminophen-induced acute liver failure (Apap-

primary objective was to describe the characteristics of patients with cerebral edema in the setting of 

Apap-  

Methods 

This analysis is part of a large, retrospective observational study inclusive of Apap- -

year period from a regional transplant center. We used standardized data collection tools and trained 

defined cerebral edema based on the interpretation of this CT by a blinded radiologist. We performed 

univariate analysis based on the presence of cerebral edema. 

Results 

Of a total of 327 patients, 243 had data on CT brain imaging. The mean age was 39.2 ± 14.6 years, and 

167 patients (68.7%) were female. Of patients with neuroimaging, 35 (14.4%) had evidence of cerebral 

edema. Patients with cerebral edema had higher average ammonia levels on day 1 of hospital admission 

(226, 95% CI 137 – 315 vs. 90, 95% CI 75 – 106 mcg/dL). Patients with cerebral edema also had 

significantly higher MELD scores by 48-hours (32.1, 95% CI 27.9 – 36.2 vs. 24.6, 95% CI 22.9 – 26.3). This 

significant difference persisted for subsequent hospital days. Thirteen patients (37.1%) with cerebral 

edema received intracranial pressure monitoring. Mortality within 28-days was 42.9% (n=15) if cerebral 

edema was present vs. 14.4% if absent (n=30). The odds of death within 28-days, if cerebral edema was 

present, was 4.5 (95% CI 2.1 – 9.6). One patient with cerebral edema died awaiting transplant, and 3 

received liver transplant. 

Conclusions 

In this study, cerebral edema was present in 14% of patients hospitalized for Apap-

with higher mortality. 
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Evaluating Adverse Outcomes Associated with Hypertonic Saline in a Neuroscience Intensive Care 

Population 

Angelina Finn; Rick Gill; Kyle Moomey; Megan Rech; Elisabeth Donahey 

Loyola University Medical Center, Maywood, IL, United States 

 

Introduction 

Elevated intracranial pressure and cerebral edema are leading predictors of poor outcomes and 

mortality in patients with head trauma, intracranial hemorrhages, or acute ischemic strokes. While 

hypertonic saline (HTS) is the mainstay of treatment, recent trials in critically ill populations have 

demonstrated a reduction in kidney related adverse events with the use of balanced crystalloid groups 

when compared to 0.9% sodium chloride (NaCl). The purpose of this study is to assess adverse kidney 

outcomes and risk of in-hospital mortality associated with HTS in a neurocritical care population. 

Methods 

A retrospective cohort study was conducted at a large academic medical center on 112 adult patients in 

the neurosciences ICU who received 3% NaCl and/or 23.4% NaCl from July 1, 2016 to July 31, 2018. The 

primary endpoint was Major Adverse Kidney Events (MAKE-30), defined as at least one component of 

the composite: in-hospital mortality, receipt of new renal-replacement therapy, or persistent renal 

ays. Baseline characteristics, 

indication for HTS, pertinent lab values including changes in serum electrolyte concentrations, total HTS 

volume and associated sodium and chloride milliequivalents, and patient outcomes were collected. 

Statistical analysis was performed using SPSS software. 

Results 

In the chloride increase > 5 mmol/L group, 22 patients (23.2%) experienced the primary outcome of 

MAKE-30, 19 patients (20.0%) experienced in-hospital mortality and 4 patients (25.0%) experienced AKI 

 

primary outcome of MAKE-30, and 3 patients (17.6%) experienced in-hospital mortality (P= 0.62). 

Conclusions 

The primary outcome occurred more often in the chloride increase > 5 mmol/L group and in-hospital 

mortality accounted for the majority of the outcome in both groups. This was not statistically significant 

due to the sample size and unbalanced comparator groups. 
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The Underutilization of Social Media in Critical Care Medicine Education 

Devin J. Burke; Steven J. Gangloff; Lori A. Shutter  

Department of Neurology, University of Pittsburgh Medical Center, Pittsburgh, PA, United States 

 

Introduction 

Social media has been shown to be a valuable tool to improve knowledge, attitudes, and skills. It has 

been theorized that the success of medical education through social media can be contributed to 

increased learner engagement, real-time feedback, and enhanced collaboration. We hypothesize that 

social media is underutilized in critical care medicine in comparison to other specialty fields of medicine 

and surgery. 

Methods 

A list of medical specialties as hashtags were run through “Hashtagify” software. This software cross-

references up to 500,000 data points on Instagram and Twitter and assigns a “popularity score” for 

certain topics. The phrase “critical care” was cross- referenced through a database of medical news run 

by Doximity over a month in comparison to other topic tags. 

Results 

In total, 1420 articles concerning the topic “critical care” were posted on Doximity News over 30 days. In 

comparison, there were 54 articles posted under “cardiology,” 460 under “internal medicine,” and 600 

under “emergency medicine.” With respect to hashtag utilization on social media, critical care was 

under-represented, with a popularity score of 38. This was in comparison to other specialties such as 

neurology (49), dermatology (49), emergency medicine (48), and ophthalmology (44). Within the critical 

care hashtag, the major influencers were those representing critical care nursing. 

Conclusions 

Despite the large amount of news pertaining to critical care on professionally-curated forums such as 

Doximity, there is significant under-representation in social media. Within the hashtag, “critical care,” 

the major influencers represented critical care nursing suggesting that critical care physicians are even 

further underrepresented. This is in line with previous research suggesting the underrepresentation of 

medical doctors in social media. Given that social media has been shown to be a valuable tool in 

enhancing medical education, we believe that a greater effort should be made to engage critical care 

physicians on social media outlets. 
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Evaluation of Speakership Patterns in the Neurocritical Care Society Across a 3-year Timespan to 

Explore Opportunities to Improve Diversity 

Shweta Goswami; Eleonora D'Ambrosio; Jennifer Kang; Nujud Farag; Safa Kaleem; Renira Rugnath; 

Christa Swisher; Christa O'Hana S. Nobleza  

University of Kansas Medical Center, Kansas City, KS, United States 

 

Introduction 

There is a call for increased diversity in national and international annual meeting participation in terms 

of attendance, committee participation, leadership, awards and speakers. The Neurocritical Care Society 

Annual meeting(NCS-AM) speaker qualifications are not specified in the bylaws. The speakership 

patterns of the NCS-AM have not been examined. We described the speakership patterns in NCS across 

a 3-year time span(2016-2018) and delineated the trends of United States-Neurocritical-Care-fellowship-

 

Methods 

Longitudinal cohort study. The NCS-AM conference program, a readily available online document, for 

the years 2016-2018, were reviewed by the study authors. Speakers were identified from the 

conference program. Our primary outcome was the trend of speaker characteristics across the 3-year 

time span. Our secondary outcome was to determine speakership trends among United States-

Neurocritical-Care-fellowship-

institution of employment at the time of the meeting. 

Results 

A total of 422 speakers were included in this study, of which 57% were male. Majority of the speakers 

were US-based(88%), mid- to late-career  (60%) and were physicians (69%). The 

speakers were 12±9 years from fellowship. In 3-years, there was an increased trend towards 

international, non-physician and early-career speakers’ 

trained from Johns Hopkins University (JHU) (47,19%), Massachusetts General Hospital (MGH) (44,17%) 

and Cornell/Columbia University (22,8%); while the most common sites of employment at the time of 

the meeting were JHU (15,6%), MGH (15,6%) and University of Pittsburgh Medical Center (14,6%). 

Conclusions 

This is the first study to evaluate speakership trends across a 3-year period of the NCS-AM. Diversity has 

ble institutional bias are unclear and deserves 

to be studied further to better define speaker selection in the NCS annual meeting. These data may also 

be utilized to explore opportunities for collaboration and diversity in future NCS-AMs. 
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Implementation of Intermittent Catheterization In Neurosciences Intensive Care Unit Resulting In 

Decreased CAUTI Rates - A Quality Improvement Initiative 

Emmaculate M. Fields; Laci Fleenor; Natalie Martinez; Bappaditya Ray; Brandi Allen; Sabrina Weiss; 

Michele J. Starr; Rwoof A. Reshi; Kevin M. Wheelock  

The University of Oklahoma Health Sciences Center-Department of Neurology, Oklahoma City, OK, 

United States  

 

Introduction 

Urinary tract infections (UTIs) are the fourth most common type of healthcare-associated infection, 

primarily caused by instrumentation of the urinary tract. There is a 3%-7% increased risk of patients 

acquiring a catheter-associated urinary tract infection (CAUTI) for each day an indwelling urinary 

catheter (IUC) remains in place. In critically ill patients, IUC placement is often required for precise urine 

output measurement. Subarachnoid hemorrhage (SAH) patients often require IUC’s during the cerebral 

vasospasm period (i.e. post-bleed day, PBD 3-12) to maintain euvolemia. This places SAH patients at 

increased risk for developing a CAUTI. In our local neurosciences intensive care unit (NSICU), an infection 

control team observed higher CAUTI rates as compared to the hospital and national average 

necessitating changing our urinary catheter utilization policy. We report change in practice pattern with 

implementation of new unit policy 

Methods 

The Intermittent Catheterization (IC) Algorithm includes clinician review of the patient’s total intake and 

output and current clinical status. Retrospective chart review of CAUTI incidence (rate per 1000 catheter 

days) and device utilization ratio (no. urinary catheter days/ no. patient days) 12 months before and 

after implementation of the new policy. Time periods were compared using appropriate statistical tests 

pre- and post-intervention 

Results 

The IC algorithm was implemented to reduce IUC utilization rate with aim to reduce CAUTI rates. The 

time periods studied were May 2017 to April 2018 (pre-intervention period) and May 2018 to April 2019 

(post-intervention period). CAUTI rates decreased from 4.5±3.4 during the former time-period to 

0.42±1.45 during the latter time period (p=0.0081). Similarly, device utilization ratio decreased from 

0.8±0.08 to 0.53±0.09 (p<0.00001). In addition, use of female and male external catheter devices were 

encouraged leading to increased utilization 

Conclusions 

Systemic team based implementation of policies can result in adoption of positive practices and reduce 

hospital acquired infectious complications. 
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Resident Bootcamp for Neurological Emergencies at a Military Residency Program 

Kelsey Cacic; Daniel Simmons; Jeffrey McClean; Ariane Lewis 

San Antonio Military Medical Center, Neurology, San Antonio, TX, United States 

 

Introduction 

Managing neurological emergencies, particularly overnight, is very challenging for Neurology trainees at 

the beginning of their residency. Preparation is key to ensure residents have the skills, confidence, and 

knowledge to manage acute scenarios. 

Methods 

We developed a one-week immersive bootcamp to educate new Neurology residents about neurological 

emergencies prior to the start of the academic year. 

Results 

The bootcamp includes the fourteen Emergency Neurological Life Support (ENLS) modules designed by 

the Neurocritical Care Society, thirteen faculty-created didactics, nine case-based discussions, and four 

resident-created simulations. The bootcamp teaches residents about the management of acute ischemic 

stroke, acute non-traumatic weakness, anoxic brain injury, coma and brain death, intracranial 

hemorrhage, intracranial hypertension, meningitis, neuromuscular emergencies, status epilepticus, 

spinal cord emergencies, subarachnoid hemorrhage and traumatic brain injury. Residents are also 

taught about communication with families during and after neurologic emergencies in a didactic session 

on breaking bad news. 

Conclusions 

It is important for all Neurology residents to be adept at managing neurological emergencies. However, 

having these skills is particularly important for residents in a military program, as residents in the 

military may ultimately be deployed overseas or stationed at facilities with minimal support, responsible 

for handling all neurological emergencies, regardless of their sub-specialty. ENLS training and didactics 

teach residents about the fundamentals of neurological emergencies. Case-based discussions provide 

residents to act out the way they would utilize this knowledge in a risk-free environment that is 

translatable to acute clinical situations. The combination of ENLS training, didactics, case-based 

discussions and simulations into a one-week immersive bootcamp early in residency should, therefore, 

provide a solid knowledge base about management of neurological emergencies for incoming Neurology 

residents and allow them to consolidate that knowledge leading to safe and effective management of 

neurological emergencies. 
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Psychological Attachment Styles of Family Members of Neuro ICU Patients and Post-Traumatic Stress 

Disorder Following Hospitalization 

Tara Kimbrough; Jolanta Pach; Andrea Knies; Aida Martinez; Perak Juthani; Stephanie Tu; David Y. 

Hwang 

Yale-New Haven Hospital Department of Neurology, New Haven, CT, United States 

 

Introduction 

Post-intensive care syndrome amongst families of ICU patients, including post-traumatic stress disorder 

(PTSD), is highly prevalent after patient discharge but understudied. The psychological model of 

“attachment theory” describes how people respond when being separated from loved ones; various 

“attachment styles” have been associated with the development of PTSD in other settings. Adults can be 

“secure” (comfortable depending on others and being alone) or “insecure.” The hypothesis of this 

exploratory study was that insecure family members of Neuro ICU patients would be more likely to 

report PTSD six months after patient hospitalization compared to secure family members. 

Methods 

Eligible participants were 111 family members of Neuro ICU patients at a single center who already had 

attachment styles (secure vs. insecure) defined via a standard survey, the Relationship Questionnaire, 

during an earlier study in 2018. Over 2018-2019, these subjects were asked by mail to complete the 

Impact of Events Scale-Revised (IES-R) six months following discharge or patient death. Participants 

were considered to have PTSD if IES-

 

Results 

41/111 returned a completed IES-R (37.0%). 27 (65.9%) of these subjects reported a secure attachment 

style vs. 1

out of 14 (14.2%) insecure respondents (p=1.0). 

Conclusions 

This small study did not show a significant difference in rates of post-discharge PTSD amongst Neuro ICU 

family members with secure vs. insecure attachment styles, however was only powered to discover a 

large difference between groups and the rate of PTSD in our population was markedly lower than 

sible association in larger cohorts with an 

overall higher prevalence of post-discharge PTSD would be insightful. 
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