1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

NATIG,

O

Published in final edited form as:
AJR Am J Roentgenol. 2013 April ; 200(4): 791-797. doi:10.2214/AJR.12.8624.

The Rate of Resolution of Clot Burden Measured by Pulmonary
CT Angiography in Patients With Acute Pulmonary Embolism

Ayaz Aghayevl, Alessandro Furlanl, Amol Patill, Serter Gumus?, Kyung Nyeo Jeonl2,
Bumwoo Park!, and Kyongtae T. Bael

1Department of Radiology, University of Pittsburgh Medical Center, 3362 Fifth Ave, Pittsburgh,
PA 15213.

?Department of Radiology, College of Medicine, Gyeongsang National University, Jinju, Korea.

Abstract

OBJECTIVE—The purpose of this article is to quantitatively assess the rate of resolution of clot
burden detected on pulmonary CT angiography (CTA) in patients with acute pulmonary embolism
(PE).

MATERIALS AND METHODS—We evaluated 111 consecutive patients (55 men and 56
women) in a retrospective cohort who were diagnosed with PE by pulmonary CTA and had at
least one follow-up pulmonary CTA within 1 year. Two radiologists in consensus measured the
volume of each clot using a semiautomated quantification program. Semiquantitative measures of
clot burden were also computed. The resolution rates of the total clot volume, as well as clot
volumes of the central (main and lobar) and peripheral vessels (segmental and subsegmental),
were analyzed.

RESULTS—The mean (+ SD) clot volume per study was 3403.3 + 6505.6 mm?3 at baseline and
531.6 + 2383.5 mm? at the follow-up pulmonary CTA. Overall, 85 patients (77% ) showed
complete resolution at the follow-up pulmonary CTA. Complete resolution was seen in 17 of 30
patients (56.7%) at a follow-up interval of 1-14 days, in 24 of 31 patients (77.4%) at 29-90 days,
and in 32 of 34 patients (94.1%) after 90 days. The total clot volume measurements summed for
all patients decreased by 78% (central clot, 69.4%; peripheral clot, 86.0%) at 14 days, by 96.6%
(central clot, 93.4%; peripheral clot, 100%) at 90 days, and by 97.7% (central clot, 95.9%;
peripheral clot, 100%) after 90 days.

CONCLUSION—Clot burden resolved completely in 77% of patients during the follow-up
period. Our analysis showed that clots resolved faster in the peripheral arteries than in the central
pulmonary arteries.
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Pulmonary CT angiography (CTA) has been established as the first-line imaging modality
for the diagnosis of acute pulmonary embolism (PE) in clinical practice [1]. In addition to its
role as a superb diagnostic tool, pulmonary CTA contains a wealth of information, including
characteristics of the clot that may be used as biomarkers to improve treatment and clinical
management of patients diagnosed with PE.
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Anticoagulation treatment is effective in preventing such complications as chronic
thromboembolic pulmonary hypertension [2], thus reducing the recurrence rate of venous
thromboembolism, including PE and deep vein thrombosis. However, prolonged
anticoagulation treatment is associated with complications such as bleeding. There is
increased interest in determining the duration of anticoagulant treatment according to
individual risk for venous thromboembolism recurrence [3, 4], and clot burden has been
indicated as a predictor of recurrent PE [3]. In this regard, clot burden measured on
pulmonary CTA images may provide information that would help guide duration of
anticoagulant therapy.

Clot burden can be assessed semiquantitatively, using various scoring systems, or fully
quantitatively, via clot volume quantification. Qanadli et al. [5] and Mastora et al. [6]
proposed semiquantitative scoring methods to assess the severity of PE. These scores,
mainly reflecting the distribution of clots, were formulated by tabulating the presence and
degree of arterial obstruction of clot in individual branches of pulmonary arteries. Recently,
two studies proposed direct quantification of blood clot volume from pulmonary CTA
images [7, 8]. With the use of advanced image-processing techniques, clots were segmented
and volumetrically measured directly from pulmonary CTA images.

Information about the rate of clot resolution is important because it may facilitate objective
diagnosis when patients with PE return with symptoms possibly due to recurrent or residual
PE [9]. Previous studies have focused on the evolution of PE on CT using a qualitative
approach (i.e., complete resolution vs persistent clot) [10-14]. According to these studies,
complete resolution of PE occurs in 50-90% of patients, with a reported interval of 1-6
months. However, to our knowledge, no study has yet quantified the change in clot burden
in follow-up CT studies. An approach based on a precise measurement of clot volume may
offer an improved assessment of evolution of PE and efficiency of therapy. Thus, the
purpose of this study was to quantitatively assess the resolution rate of clot burden on
pulmonary CTA imaging in patients with acute PE.

Materials and Methods

This retrospective study was approved by the institutional review board and was HIPAA
compliant. Patients’ informed consent was waived. All pulmonary CTA images and reports
were retrieved from the institutional PACS (iSite, Philips Healthcare) and were deidentified
before analysis using an institutional honest broker system.

Study Population

A search through the institutional medical archive system using a 12-month interval
(January through December 2007) was conducted. Subjects were initially identified via
pulmonary CTA examination codes, and their radiology reports were retrieved and reviewed
by two trained radiologists. There were 5425 pulmonary CTA studies performed at our
institution for evaluation of PE during the study period. Pulmonary CTA studies reported as
positive for PE and with subsequent follow-up pulmonary CTA studies were retrieved.
Among 635 patients diagnosed with acute PE on baseline pulmonary CTA, 121 (19%) had
at least one follow-up imaging study available; for patients with multiple follow-up studies
available (= 26), only the latest follow-up pulmonary CTA study was considered for the
current study. Patients with new foci of PE at follow-up pulmonary CTA (n7=10) were
excluded. New foci of PE were defined as clots identified at new locations different from
those in the original pulmonary CTA study.

We analyzed 10 patients with new foci of PE to assess whether the clots were real new foci
or distal propagations from the previous one. In the analysis of individual patients, three
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patients had new foci of clot in the contralateral (right and left) pulmonary arteries. Three
other patients had new clots in the central pulmonary arteries on the follow-up scan, whereas
only segmental or lobar clots were present on the baseline pulmonary CTA. Another four
patients presented with segmental and subsegmental clots at baseline but clots were seen in
the segmental, lobar, or main arteries on the follow-up scan. Thus, we determined no
apparent distal propagation of clots in the patients with new foci of PE.

Our final population included 111 patients (56 women and 55 men; mean [+ SD] age, 51.6 =
17.8 years; range, 18-94 years). The mean interval between baseline and follow-up
pulmonary CTA was 65 days (range, 1-312 days). All patients received anticoagulation
therapy.

Pulmonary CTA Imaging Protocol

Baseline and follow-up pulmonary CTA imaging studies were performed on 64-MDCT (7=
107 patients) or 16-MDCT (7= 4 patients) scanners using a standard pulmonary CTA
protocol for PE, with the following imaging parameters: detector width, 64 x 0.625 or 16 x
1.25 mm; section thickness, 1.25 mm; rotation time, 0.5 second; 120 kVp; and 380 mA. CT
images were reconstructed with both standard soft-tissue and lung kernel algorithms.
Contrast enhancement was achieved by injecting 125 mL of ioversol contrast medium
(Optiray 350, Mallinckrodt Imaging), with a power injector at a rate of 4-5 mL/s. The
scanning delay was determined by using a bolus-tracking method, in which a region of
interest was placed on the main pulmonary artery or a 20-second delay after the start of the
contrast medium injection.

Imaging Analysis

For each patient, deidentified images from baseline and follow-up pulmonary CTA
examinations were transferred to a PC workstation equipped with an in-house—developed
DICOM reader. The imaging studies were analyzed by two radiologists (each with 4 years
of experience in chest and body CT) in consensus, and any disagreement was resolved by
the senior investigator (with 15 years of experience in interpretation of pulmonary CTA
images). Readers assessed PE on pulmonary CTA images by detecting the presence of an
endoluminal central filling defect partially or completely occluding pulmonary arteries [15].
A standard mediastinal window was used, with readers allowed to adjust the window and
level settings for optimal vessel visualization according to the windowing scheme published
in a previous study [16]. For each pulmonary CTA imaging study, the number, location, and
degree of arterial obstruction (1, < 25%; 2, 25-49%; 3, 50-74%; 4, 75-99%; and 5, 100%)
of each clot was recorded; on the basis of these data, the Qanadli score (i.e., pulmonary
arterial obstruction index) and Mastora score were calculated as described elsewhere [5, 6].
Moreover, readers used a semiautomated segmentation program to segment each clot from
pulmonary CTA images and measure clot volume (cubic millimeters). Accuracy and
reproducibility of the clot volume measurement have been previously reported [8].

Statistical Analysis

Measures of clot burden included clot volume and semiquantitative scores (Qanadli and
Mastora index). Changes in clot burden between the baseline and the follow-up pulmonary
CTA were expressed as a percentage. The interval between baseline and follow-up
pulmonary CTA imaging studies was further divided into four groups: 1-14, 15-28, 29-90,
and more than 90 days. Changes in clot volume and Qanadli and Mastora index were
calculated for each interval subgroup. Significance of the difference in clot burden between
baseline and follow-up pulmonary CTA was assessed using paired Student ftest. A pvalue
of less than 0.05 was considered to indicate a statistically significance difference (SPSS
statistics software version 19, IBM). The percentage change in clot volume was calculated
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as follows: [(baseline volume — follow-up volume) / baseline volume)] x 100. Then that
percentage was used to divide the patients into three groups of clot resolution: minimal (0-
50%), significant (51-99%), and complete (100%).

Finally, patients were divided in two subgroups according to the most proximal extension of
the clot on the baseline pulmonary CTA. Changes in clot volume were calculated for
patients with PE extending into the central pulmonary arteries (i.e., pulmonary artery trunk,
main right and left pulmonary arteries, right and left interlobar pulmonary arteries, and lobar
arteries) and for patients with PE limited to the peripheral pulmonary arteries (i.e.,
segmental and subsegmental pulmonary arteries).

Patients” demographic characteristics and comorbidities are summarized in Table 1.
Quantitative measurements of clot burden at baseline and follow-up pulmonary CTA are
shown in Table 2. The mean interval time between the baseline and follow-up pulmonary
CTA examinations was 68 days (range, 1-312 days). The mean clot volume per study was
3403.3 + 6505.6 mm3 (range, 6.8-31,683.4 mm?3) at baseline and 531.6 + 2383.5 mm3
(range, 0-17,027.1 mm3) at follow-up pulmonary CTA (p < 0.001). The mean percentage
change in clot volume was 91%. The mean Qanadli score changed from 6 + 6.3 at baseline
to 1.4 + 3.6 at follow-up (0 < 0.001), representing a mean percentage change of 76%. The
mean Mastora score changed from 13.8 + 18.9 at baseline to 1.7 + 5.9 at follow-up (p <
0.001), representing a mean percentage change of 87%. The mean percentage changes in
clot volume, as well as Qanadli and Mastora indexes, over time are plotted in Figures 1A
and 1B. The mean percentage clot volume reduction from baseline to follow-up was 90.1%
within 28 days and 97.7% when the imaging follow-up study was acquired more than 90
days after baseline. The mean percentage decline in Qanadli and Mastora score from the
baseline to the follow-up CTA was 74.6% and 76.5%, respectively, within 28 days, and
97.6% and 97.9%, respectively, when the imaging follow-up study was acquired more than
90 days after baseline.

The numbers of patients with different degrees of clot resolution imaged at different follow-
up time intervals are shown in Table 3. Overall, 85 patients (77%) showed a complete
resolution on follow-up pulmonary CTA. Complete resolution was seen in 17 of 30 patients
(56.7%) at 14 days after baseline pulmonary CTA, in 12 of 16 patients (75%) at 15-28 days,
and in 24 of 31 patients (77.4%) at 29-90 days. Within the first 3 months, 53 of 77 (68.8%)
patients showed complete clot resolution; finally, 32 of 34 patients (94.1%) showed
complete clot resolution after 90 days (Figs. 2 and 3).

At baseline pulmonary CTA, the most proximal involved pulmonary artery was the central
artery in 58 patients (mediastinal, 7= 25; lobar, 7= 33) and the peripheral artery in 53
patients (segmental, 7= 32; subsegmental, 7= 21). The numbers of patients with different
degrees of clot resolution at different follow-up time intervals are shown in Table 3 for clots
involving the central and peripheral pulmonary arteries. The percentage of patients with
complete resolution was 42.9% (6/14) for central and 68.8% (11/16) for peripheral clots in
14 days, 66.7% (6/9) for central and 85.7% (6/7) for peripheral clots at 15-28 days, 56.3%
(9/16) for central and 100% (15/15) for peripheral clots at 29-90 days, and 89.5% (17/19)
for central and 100% (15/15) for peripheral clots at more than 90 days. The mean percentage
volume changes of the central and peripheral clots at the same intervals are shown in Figures
4A and 4B. The mean percentage volume change was 69.4% for central and 86.0% for
peripheral clots at 14 days, 88.0% for central and 92.8% for peripheral clots at 15-28 days,
93.4% for central and 100% for peripheral cots at 29-90 days, and 95.9% for central and
100% for peripheral clots at more than 90 days.
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Discussion

The quantitative volumetric and semiquantitative analysis performed in our study revealed
that clot burden in patients with acute PE progressively decreases at pulmonary CTA
imaging follow-up. The mean percentage decrease in clot volume was 91%, whereas the
mean percentage decrease in Qanadli and Mastora scores was 76% and 87%, respectively.
Among the 111 patients with acute PE included in our final population, 19 (17%) showed a
significant decrease in clot burden, whereas 85 (77%) showed completely resolved PE at
follow-up pulmonary CTA. Several studies published variable degrees of complete PE
resolution by comparing the initial and follow-up pulmonary CTA. Although some studies
[11, 13, 15] reported relatively higher proportions of complete resolutions (90%, 91%, and
85%), other studies [10, 12] published lower degrees (48% and 32%). However, these data
are difficult to compare between them or with our study, because time intervals for follow-
up pulmonary CTA were not either specified or standardized.

In our study, follow-up pulmonary CTA studies at 15-28 days after baseline showed that
clot volume was reduced by 90.1%; two of 16 patients (12.5%) had a significant reduction in
clot volume, with a complete resolution in 12 patients (75%). A complete resolution was
seen in 17 of 30 patients (56.7%) at 14 days after the baseline pulmonary CTA, 24 of 31
patients (77.4%) at 29-90 days, and 32 of 34 patients (94.1%) after 90 days. This suggests
that a repeated pulmonary CTA scan 1 month after the initiation of therapy may be useful to
assess a substantial reduction of clot burden and the efficacy of therapy. On the other hand,
the majority of conventional pulmonary angiography literature [17-22] reported that a
complete resolution was seen in fewer than 50% of patients within 30 days. Only one study
[23] published a considerably faster resolution, a complete resolution in 85% of patients at
20 days of follow-up angiograms. The rate of clot resolution in this article appears
comparable to our study results, despite differences in imaging modality.

The rate of complete clot resolution measured on lung perfusion scans was reported to be
highly variable. One study [24] showed complete resolution in 7% of patients within 2
weeks, whereas another study found complete resolution in 43% of patients during the same
follow-up period [24, 25]. Two lung perfusion scan studies at 3 months of follow-up showed
complete clot resolution in 34% [26] and 57% [25] of patients, respectively. In a recent
study, complete clot resolution was seen in 72% of patients at a 9-month follow-up lung
perfusion scan [14]. Complete resolution on a 1-year follow-up lung perfusion scan was
reported in 65-85% of patients [27-29]. This wide range of discrepancies in the rate of
complete resolution between the published lung perfusion scan and pulmonary CTA studies
including ours is not surprising, given the large interobserver difference in the interpretation
of the presence of residual clot in lung perfusion scan [30].

The relative reduction in semiquantitative scores (Qanadli and Mastora scores) at follow-up
pulmonary CTA showed a trend similar to that of the clot volume changes. However, the
overall mean percentage change in clot volume of 91% was closer to the mean percentage
changes in the Mastora score of 87% than to the Qanadli score of 76%. Moreover, the mean
percentage change in clot volume of 78.2% within the first 2 weeks of follow-up was much
closer to the mean percentage changes in the Mastora score of 75.2% than the Qanadli score
of 42.5% during the same period. This discrepancy between Mastora and Qanadli scores is
expected because the Mastora scoring system is designed to improve the Qanadli scoring
system by considering finer degrees of clot burden in each scored pulmonary artery [5, 6].

The resolution rate of the peripheral clots was consistently lower than that for the central
clots when the rate was evaluated in terms of both the numbers of patients showing complete
resolution and the clot volume percentage changes. Although peripheral clots resolved
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completely at 1-month follow-up CT, trace of central clots persisted (the mean percentage
reduction of central clot volume was 93.4% at 29-90 days and 95.9% after 3 months). To
the best of our knowledge, there is only one study [11] reporting the rate of resolution of PE
according to the order of vessels. In that study, the authors concluded that PEs resolved
faster in the main and lobar pulmonary arteries than in the segmental branches. This appears
to contradict our results that peripheral clots resolved faster than clots in the main and lobar
arteries. We postulate that this seemingly contradictory result is from the two main
differences between their study and ours. First, our study cohort includes a larger number of
isolated segmental and subsegmental clots than the other study. Peripheral clots without
larger central clots would resolve faster because their resolution is not hindered by upstream
central clots obstructing the downstream distal blood flow. An underrepresentation of
peripheral clots without central clots in the study cohort may result in faster resolution of
central than peripheral clots, as reported in the previous study [11]. For example,
subsegmental clots were not included in that study. Second, that study was primarily based
on qualitative evaluation without the use of quantitative clot measurement information.
Quantitative analysis of the changes in the clot volume may offer more precise information
regarding the resolution of clots associated with the order of pulmonary arteries.

Our study has several limitations. First, the study was retrospective; therefore, we could not
control the follow-up periods of pulmonary CTA. Although we think that the given
distribution of follow-up periods was reasonably broad for the evaluation of the trend of the
clot resolution rate, a rigorously designed prospective study, with appropriate institutional
review board approval and including a low-dose protocol, is required to confirm and
generalize our findings. It would be ideal to follow the same subjects with multiple follow-
up pulmonary CTA studies to reduce subject variability for the accurate measurement of clot
resolution. Second, because of the retrospective design of the study and because current
clinical guidelines do not necessarily recommend follow-up pulmonary CTA for patients
with PE, only 19% of patients had follow-up scans. These patients might have specific
clinical indications or symptoms requiring follow-up pulmonary CTA compared with the
majority of PE patients, who did not have follow-up pulmonary CTA. However, this
comparative clinical information was not available to investigate in our study. Third,
because of the retrospective design of the study, we had limited clinical information for the
patients. It would be interesting to investigate the effect of clinical data and treatment
regimens on clot resolution. Patients with ineffective anticoagulation therapy would delay
clot resolution and even recurrent PE. We also did not specifically evaluate clinical
indications for the follow-up pulmonary CTA. Fourth, we only evaluated the volume and not
other morphologic characteristics of clots. For example, in theory, not only the volume but
also the surface area of clot may play an important role in clot resolution rate, provided that
clots with higher surface areas would be exposed to higher thrombolytic effect of heparin
and anticoagulant circulating in the blood. Similarly, no attempt was made to divide and
analyze clots at different parts of the lung, such as the upper, middle, and lower lungs.

In conclusion, during the follow-up period of our retrospective study, the majority of
patients (77%) showed complete resolution of clot burden. Within the first 3 months, 68.8%
of patients (53/77) showed complete clot resolution, whereas after 3 months, 94.1% of
patients (32/34) showed complete clot resolution. Our volumetric analysis showed that clots
resolved faster in the peripheral than in the central pulmonary arteries.
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Fig. 1.

Changes in measures of clot burden over time.

A and B, Graphs show mean percentage change in total clot volume (A), calculated as
[(baseline volume — follow-up volume) / baseline volume] x 100, and semiquantitative

Qanadli [5] and Mastora [6] scores (B).
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Fig. 2.

47-year-old woman with acute pulmonary embolism and deep venous thrombosis.

A, Baseline pulmonary CT angiography (CTA) shows thrombus (arrow) within segmental
branches of left lower lobes. Total clot volume is 712.64 mm3,

B, Follow-up pulmonary CTA obtained 73 days after baseline shows residual clot (arrow) in
same location. Total clot volume is 320.25 mm3.
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Fig. 3.

56?year-old woman with malignancy who presented with acute pulmonary embolism.

A, Baseline pulmonary CT angiography (CTA) shows clots in main and right pulmonary
arteries and left pulmonary arteries (arrows). Total clot volume is 717.48 mm3.

B, Follow-up pulmonary CTA obtained 105 days after baseline pulmonary CTA shows
complete resolution.
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Fig. 4.

Changes in clot volume over time by location.

A and B, Graphs show changes in clot volumes in central (A) and peripheral (B) pulmonary

arteries.
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TABLE 1

Demographic Characteristics and Comorbid Conditions of 111 Patients

Variable

Value

Age (y), mean + SD
Male sex

Ischemic heart disease
Congestive heart failure
Cerebrovascular disease
Chronic lung disease
Chronic kidney disease

Cancer

516+17.8
55 (49.5)
17 (15.3)
15 (13.5)
8(7.2)
36 (32.4)
11(9.9)
24 (21.6)

Note—Except for age, data are no. (%) of patients.
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TABLE 2
Clot Burden at Baseline and Follow-Up Pulmonary CT Angiography (CTA)

Variable Baseline Pulmonary CTA Follow-Up Pulmonary CTA

Blood clot volume (mm3) | 3403.3 + 6505.6 (6.8-31,683.4) | 531.6 +2383.5 (0-17,027.1)

No. of individual clots 22+1.8(1-11) 0.5+ 1.2 (0-6)
Qanadli score 6+ 6.3 (0-25) 1.4+ 3.6 (0-20)
Mastora score 13.8 +18.9 (0-84) 1.7 £5.9 (0-43)

Note—Data are mean + SD (range).
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