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DIAGNOSIS ANO TREATMENT 

Ambulatory Holter Electrocardiography: Choice of Technologies 
and Clinical Uses 

JOEL MORGANROTH, M.D.: Philadelphia, Pennsylvania 

Rapid g:,owth in the use and complexi ty of Holter 
monitoring technologies has resulted Jn the diverse 
recorders and analysis devices that are compared in this 
review. Holter recording modes Include continuous 
recording, which makes all electrocardiognphic (ECG) 
data available for analysis; patient-activated recording, 
which is useful for capturing infrequent symptomatic 
arrhythmias; and event recording, which provides data on 
ECG events dete,eted by the recorder, but whose reliability 
is limited, Various sophistic,ated, computer-based analysis 
systems exist, with varying prices and degrees of 
acc.uracy and reliability. Quantitative data are essential In 
the use of Holter moni toring to define the response of 
ventric1.1lar arrhythmias to t herapeutic interventions, but 
the physician must be wary of quantitative data unless a 
quality-control program has been established and 
validated. Although Holter monitoring is safe, problems in 
recording and in differentiating artifacts from true cardiac 
rhythm di sturbances may result in false clinical dic1gnoses 
unless these problems are recognized. 

E vrDENCE 1s M OUNTING 1ha1 the diagnosis (I) and suc­
cessful treatment (2) of ventricular arrhythmias reduce 
morbidity and mortality in palients at high risk of sudden 
cardiac death, and tha1 the mechanism responsible for 
sudden death is. in more than 80% of ptuicncs. a ventric• 
ular iachyarrhythmia (3). Thus it is not s urprising 1ha1 
in the last few years the use: and complexity of Holler 
technologies for detecting and evaluating ventricular ar• 
rhy1hmias have grown rapidly. It has been estimated thar 
revenues from Holter equipment will increase rrom about 
S6S million in 1983 10 over $80 million in 1988. Revenues 
from scanning services are expected to increase from 
abour S138 million in 1983 to over $300 million in 1988. 
Because most ventricular arrhythmias arc often asympto• 
matic and do not correlate well with patient symptoms 
(4) . their detection cannot rely on the clinical history. 
which is nonspeci6c and insen.sit.ive and whose main use,. 
fulness is to identify conditions 1hat can trigger ventricu• 
lar arrhythmias. Because of the high rate of spontaneous 
variability (S) or ventricular arrhythmias on eh.-ctrocar• 
diographic (ECG) recordings and exercise 1cs1ing (6) , 
ambulatory long•term ECO. ot Holcer monitoring is the 
most sensitive rutd specific means of detecting and evalu• 
a1ing arrhy1hmias (7). 

Because of the rapid growth in the use of Holter moni• 
toring and because its developmen1 has been undertaken 
primarily by commercial manufacturers. prospective 
studies 10 define quantitatively and qualitatively the rela• 

► ff<lm 1hc l.iko ll' CardtoVJl~ul•r l m.1m11e, H11hnemarm Unlu :n•I)' Setioo! or 
Medicine: Pll.1l•<klph1•• l"mm)'l.,.,u11 

Ann.us or 1n1emal Mtldk:ine. l 985:102:73•81. 

t ive cosc : benefi t of the various types of equipment have 
not been done. 

This review describes the array of currcncly a"a.iJablc 
Holter ambulatory ECG recorders and analysis systems. 
which is confosing to many clinicians. To date, no pro• 
spcctive comparative studies have eva1ua1ed the various 
Holter systems; thus, comments as to their rtlativc use• 
fulness and cost effectiveness are solely the opinion of the 
author. 

Clinical Role of Holter Monitoring 

The curreru clinical uses of Holter monitoring are list• 
cd in Table I. T he primary uses of Holter systems are to 
detect Supraventricular and ventricular arrhy1hmias in 
patient's with conditions that place them at high risk for 
these disorders, and to find arrhythmias that cause specif. 
ic patient complaints. Holter monitoring has been used in 
epidcmiologic and clinical st udies 10 detect arrhythmias 
:mrl a~c.,P.S~ rir;;k of surlclen carctiac death ( I ) . O nce an 

arrhythmia is detected, Holter monitoring is used also to 
detect a change in the frequency or severity of the ar• 
rhythmia artcr a therapeutic intervention. Evaluarion is 
critical not only to ascertain the degree of succes, of the 
intervention bu1 also 10 detec1 the opposite effect, a pro• 
arrhythmic rcsp0nsc (8). Other uses of Holter rnoniror• 
ing include the evaluat ion of ST-segment structure in pa• 
tients with documeoted or su.spce1cd ischcmic heart 
disease. including 1hose with coronary spasm, and the 
detection of pacemaker malfunction (9). Holter rr.onitor­
iitg, with it:s diagnostic and therapeutic applieabili~y. has 
emerged as one of the most frequently used and 1mpor• 
tanl tools of clinical medicine. 

Origin of Holter Monitoring 

The original Holier monitor was a 38.6-kg. backpack 
radio transmitter with limited range. After the invention 
of the transistor in the mid-1950s. a p0nablc, magnetic• 
tape "eJectroca.rdiocorder" was developed that weighed 
only 1.8 kg and could record for up to 10 hours (10), 
The technique used to analyze this recorder's data was 
the superimposition of successive ECG complexes al 60 
limes faster than real time. An audio signal, the tone of 
which was ahered by heart rate. was added. and the re• 
suit was termed an audiovisuaJ supcr•impOSCd electroc.ar• 
diographic presen1a1ion (A VSEP), or a super-imposed 
ECG system ( 1 J)(Figure I Top) . Funher technologic 
developments in rhe 1960s produced a syslem rhat al­
lowed for rhe di rec, recording of the ECG through elec-

7 3 

iRhythm, Inc. / Welch Allyn, Inc. 
Exhibit 1031 
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Table l. Clinical VHS of Ambulatory Electroc,ardiography 

Detect suprnvcntricular and ventricular arrhythmias 
In patients with conditions placing them at high risk for 

having .1,symp1oma1ic arrhythmias 
To corrclo.te patient symptoms with anhythmia occurrence 

Dc1cc1 paroxysmal hcar1 block 
Dctccl c::han&c in the frequency and severity of urrhylhmias 

i:iner 1hcrapcu1ic intervention 
Detect chan&e in ST -scgmtnl SI ructurc in patients whh or 

without suspected ischcmic hean disease 
Detect pacemaker dysfunction 

trodes attached to a patient's chest for several hours. Af­
ter early clinical reports that Holter monitoring had 
found a relation between ventricular arrhythmias and 
hean•diseasc mortalhy (12), Holter monitoring was 
widely adopted. Studies using Holter monitoring have in• 
creased the physician's awareness of the importance or 
ventricular arrhythmias in various cardiac diseases, and 
as the technology has improved the potential of Holter 
monitoring for evaluating ST-scgmenc changes and pace• 
maker functioning has emerged (9), The new technolo­
gy. with its various applications. has demanded attention 
to the accuracy a,nd reliability of the analytic and record• 
ing methods ( 13, 14), 

The superimposed ECG system was released to private 
industry (Avionics Research Division of Del Mar Engi­
neering Laboratories, now Del M a r Avionics; Irvine., 
California), which developed recorders capable of re­
cording continuously for 8, 10, 12, and finally 24 hours. 
The development of ptinted c.ircuit boards and smaller 
transistors made possible the manufacture of smaller re• 
corders capable of longer recording (24 to 48 h) and 
playback systems that allow for various complex data 
analyses. Recently, the introduct ion of solid-state micro-­
processors, microcomputers,, and integrated circuits has 
allowed even more flexible and versatile handling of data. 

Recorders 
The recorder for ambulatory ECG dara has bipolar 

skin electrodes that record the difference of potential a 1 

two electrode sitc..-s. The conventional Holter recorder 
samples ECG data comparable 10 data recorded by leads 
VI and V5 of the standard 12-lead ECG. T he skin elec­
t rodes are usually disposable, pre-jelled, and self-adher­
ing, and contain a silver-<::hloridc-sensing elemenL. Elec­
t-rode adhesiveness and degree of skin irri1,ation are 
extremely impOrtant determinants of ECG signal quality 
in regard to baseline wandering, degree of artifact., and 
duration or performance. The electrode leads and lhe 
shielded cable that connects the leads to the recorder are 
generally reusable. The leads may cont ribute to anifact, 
and the cable may be a source of artifact or recording 
malfunction. The 5•1ead system) which has a separate 
negative electrode for each exploratory electrode in addi­
tion to an externaJ ground, is preferable, particularly be­
cause if an electrode dislodges at least one ECG channel 
often will still be recorded. 

The recorder itself is usually compact and is powered 
by either a disposable alkaline or rechargeable nickel cad­
mium battery. A varying DC current from a signaJ re· 

cording head is recorded directly onto magnetic tape in 
the recorder. The tape is driven by a hysteresis-synchro-. 
nous motor and the electrical signal of0.0S to 100 Hz (at 
-3 dB) is recorded on either a rccl-to--reel or cassette 
magnetic tape. Cassette recorders arc generally lighter 
than reel-to-reel recorders and thus more convenient for 
technicians and less obtrusive for patient$. Reel•to-rccl 
recorders, however, have better signal-to•noise ratio, dy• 
namic range, and speed stability, with Jess wow and flut• 
ter and fewer recording failures. Reel•to-reel recorders 
use rape of either chronium dioxjdc or rerric oxide that is 
6.4 mm wide and u.sually 4 to S mm thick. Wide two• 
track recording heads and, frequently, three-phase mo­
tors are used. In contrast, cassette recorders use tape that 
is 3.2 mm wide and typically 2 to 3 mm thick, usually of 
ferric oxide. Narrow rour•track recording heads and less 
stable motor transmissions are used. Internal millivolt 
calibration is important in the recorder, particular if ST­
segment changes are to be measured. Two channels of 
ECG recording arc used by most recorders. and it is pos• 
.sible to adapt one of these channels to augment the pace­
maker stimulus to facili tate evaluation of pacemaker 
function. Other recorders now available can also simulta• 
neously record ambulatory blood pressure. electroen• 
cephalographic dara, and respiratory rate. ln clinic1d set­
tings cassette recorders are predominantly used, because 
of their light weight and more convenient size. Reel•tO• 
reel recorders are preferred for research purp0ses. partic• 
ularly for the evaluation of the effects of new antiar· 
rhythmic drugs. Some of the available Holter ECG 
recorders are compared in T able 2. 

Recording Modes 

T hree types of recording modes have been developed in 
the last several years: continuous; intermittent or pat ient­
activated recording; and real-time analytical or event re­
cording. Continuous Holter recording is, as the name im• 
plies, the proc<:Ss of recording continuously the ECG 
without alteration by 1he patient or a change in the ECG 
signal. Thus, o.11 ECG data are recorded during the re­
cording session. Continuous recorders allow for 24 hours 
of recording; after 24 hours of use, the tape and battery 
must be replaced. These recorders usually have a 1-m V 
calibration signal and a 1jming reference that the patient 
can use to mark an event on the tape. Usually the patient 
also notes these events in a diary. 

Intermittent recording allows 1he patient to initiate re­
cording manually or by automatic time-activation. This 
system has been used less in recent years than previously, 
because or significant improvements in the continuous 
and real•time event models. Intermittent, patient•activat• 
ed recording may be used tclephonicaUy, by transmission 
of one cha,rnel of ECG data over the telephone to a strip 
chart rec.order. Whereas earlier devices had no intcrna.1 
storage and therefore had to be used in "real time:• cur• 
renl technology allows for storage of ECG data for later 
telephonic transmission. Shortcomings of this system are 
that ECG data on events before activation of the recorder 
are not obtained, and if the memory becomes filled before 
the palie11t can telephone 1,0 transfer the inrormation, im• 
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portant d.ata n be lost. 
Real-time event :recorders contain a micropr,oc-esso 

that analyz one or two ch 111liel , of G data a they 
are being recorded and stor(?S only 'those abnorm pat­
tern til.at it is programmed w sto11e. Th,ese recordc::.rs usu­
all)' _ eigh :SO% to 100% mo11e d1an continuous recordei:s 
and cost throe to five times more, 'but the playback , y, -
tem is coll!siderably less complicated. The event recordcr 
tol\ on)y about 30 tninute of elected information for 
ubscqucnr printoul. Di a.dvant g of thi recorder in­

clude that it win cease 'to record if the memory is full and 
that al~ info.rmatiol'I in the memory can be lost jf the 
battery faiL The aoouracy ofthe :final anal.ysi~, o:foour e. 
dc::pcnd on the appropriatene of the algorithm used for 
inifal ECG event detcct'on, incJudi.ng it ability rn recog­
nize a.ni.fact. The accuracy and reli.abUity of real-time 
event recorde ha e been que tioned, jp regard to their 
abdity to detect impo:rtan1 transient ECG event , uch as 
single ,entricufar triplets. Di.Te.ct com:parison of ev,ent n:­
cor<:le with cootinuou.s recorders., howeveT, has not yet 
been ma.cl,e ( 15) . 

Analysis Systems 
AHbough HoUer recorde , tend to be fair1y imilar in 

design. and perfom11mce, the anai]ysis systems differ g,rea1-
]y in their hardware confi.guration . cap.abiHt:ie , and 
price , (Tabl4; 3). ignifica.nt impro ement in integrated 
comp1.1,tcr processor.; ha.~ given rise 1:0 , ophtsticated dig;i­
t.aJ analysis systems. Future impro ernc:mts in memory 
and logic chilps 'Win increase torage, den ity, and analy i -
y tenri _ ill oo becom faster, more accurate:. and 

morn cost-effici nt. 
The h.ardwa.re-b-a ed alUllog canne that use uperim­

posed CG technology ere ,- he main ·tay of ECG .anaJy-
is until ju t few years ago. These systems are now 

es entially outmoded. A mod m anal.ysis s st-em includes 
a playback deck fol" l'lt}Cl-to-reel or cas"ene tapes and an 
osd ?oscope for operator interaction with the systCltl . Re­
cently, pla)•back canner have incorporated analog-to­
digital converters and elect.ronic memories . With these 
features, the ECG can be memorized at high peed f!d 
e,g,_men -am be played b c lhrough digital~to-analog 

conv ·r ~r to prov·de ~l-tim~ E.CG strip dockimenta­
tion. Tb.e oscilloscopes can how supenmpos.ed sinus, 
complexes. ,!ll one location on rhe screen, eclapic entric'u­
lar complexes at a econd and eclopic upra \/Cntricular 
complel'iCS at a lhird (Fig:ure I Top) . Other ystems use 
the oscilloscope to spread out EOG data. over time on the 
c:reen for direct analyst i nt.eractio:n ( 16) . A fr,eeze mem­

ory di pfa.)• of real~l ime data ranging from l 5 to J 80 sec~ 
ond • ,ca1JJ be ho n. Al o incorporated into playbac.k, 
yst.em are an EOG chan printout 'lhar can p:ro,..:ide r,eal­

time, trend, or :graft presentations of data. The pla}•back 
deck can ·re-ad, aad the oscilloscope di _play, data al 30 10 

480 times real time. 
Older ,equipment had an audiospealkcr that emiitcrl a 

buzz whose lone would ch_ange wiJh heart r te and cctop• 
ic in:teTVal. to alert the ope:rawr to an ECG change. The 
outm ded ha:rd are- ·cd sy t,em c:;i;am ·ned primarily 
the RR interY 1 for premarn nty, width, mpl i1'1.1dc, arid 

Test 
Beat (Y) 

Template (X) 

Region of 
Comparison 

F s;ure 1 Top. Audiov sual superimpo de ~trocarc:llogr11phic pre, 
sentatlon (AVSEP). Ectopic beats are idiilffll f d by ehan e in th 
stl"LiCtur or audio tone ,generated by sup dmpo$illon ol on o n,g 
QRS comp1exes. Fls;ure 1 Bottom. Computerized .. tempi te .. c the 
underlj'in norm I QRS eamp!ex (X) and an eciopic eompt x 
termed a "tcs.t be I " ( Y). '!teat Y 15 matc.h!!d 10 beat X by ltl com­
pule,r during ll'I giOil of oompe rl,~on by cost correlation argo­
r'ith m:s" 

dura1ion or the QRS comp:lex. Thus rhe QRS-com.plex 
a11'e :is used to disringui h norm.!!] inu ~ contpl.e s 
from ~topi. comp,Je·xe. and artifacts. ln some anal)'Sis 
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r̀YkhgkXYh[�ỳ ĥcdki��WZYd[�rkZkhc̀̀ [̂�rk̀cf̂hecki��ZYhc]ke��dgkhdV[�vkeXk��ek[�rk̀cf̂hecki�rc]kdcke[�oe]n[�vleeWpk̀Y[�rk̀cf̂hecki��kXkZYdca[�v\kĥe[��kVVk]\lVYXXVi�
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Table 2- Features of Holter Recorders• 

Hinman ICR Marqueue 0.11.ford United 
Comp Act 4 7200 ssoo MR-10/ MtdicaJ 

MR-14 CT-I 

Record mode Continuous Continuous Continuous Continuous Continuous 
casse.uc cassette casseue cassette cassette 

Approximate weight. kg 0.6 0.8 o.s 0.4 o.s 
Channels, n 2 2 2 2 4 
Patient cvenl marker Yes Yes Yes Yes Yes 
Lt.ad signaJ test Yes Yes Yes Yes Yes 
Battery type 9V 6Voc 9V 5.4V S.4V 

lnc.ernal calibration signal Yes 
recharge 

Yes Yes No No 
Compatible with other systems Yes Hittman No ffiurnan Yes 

only only 
Clock display Yes Yes Yes No Yes 

• M•nufac1urtt1 of 1he respec1h•e recorders •re " follow,, Hinnu.11 Cott><>tailon., Columbta. Maryl•nd: ICR, Inc., Ltverpool. New Yorit; M•1que1te EJ«tN>nioes, 
Mil~·•ukec. Wik:onsin;: 0.11f<Wd Medilog, loc., Ck:tirw•ltt, Flonda.: Vnhed Mc,dl,cal Corp,. H•ddonfidd. New Je:ney; Od M •r A"~ in. ltYint Ca.lifornia: Sook, O dve1 
Caty, California; Ci~dlal'I, I rie., Sunnydak, California; lntamcdia., Sharon. M.a.uachuJ.CU.t,; Aqb Mcdle.J Sys1cl.'l\1, In¢., Ml, Laur(I, New J ttk)'. 

systems, the complexes to be identified wete fixed; in ot h­
ers, the operator cou1d specify them depending on initial 
recordings. It is obvious ly impractical to preset such 
equipment 10 de1ec1 all or most fotms of ectopic com­
plex.cs and to disting·uish them from artifacts. Currently 
available systems are more accurate, in that lheir micro­
processor playback systems can store QRS-complex 
wave.forms and create "templates .. tha1 can be used for 
data corrcla1 ion (Figure I B011om) . The normal QRS 
1emplate is conlinuously updated and can be compared 
with templates of new events to distinguish them as arti• 
fac ts nr e<:ropic complex~: rhu~. sepatale 1empla1e 
coun1s for each evcnl can be made. The operator may 
program 1he compu1er to recognize and thus quanti1atc 
these various templates. 

The use of a few measurement features to differentiate 
be1ween 1he types of QRS complex is called feature ex-

Table 3, Feature.$ of Holler Analysis Systems• 

traction. When QRS complexes are grouped into tem• 
plates and a cro~-correlation algorir hm is used to detct­
minc the type of complex, a more accurate analysis 
results if data reduction is used. Cross-correlation 
techniques require a much more sophisticated comput.er 
sys1em. 

The high-speed da1a-rcduction processors 1hat use 
semi•automated modes or processing are described i 11 Ta­
ble 3. Of 1he seven examples chosen, 1he firs1 1hrce use 
powerful 16-byte microcomputers as the central process­
ing unit, which is buffered with a rigid-disk drive. Their 
costs r.-.nge-. dcpe,,ding on the options $elected, from 
$60 000 10 $90 000. The ncx1 1hrce are microprocessors 
bu1 do no1 use a rigid-disk system and lack 1he flexibility 
afforded by such a fea1urc. Their cosis, depending on the 
op1ions selec1ed, range from S40 000 10 $100 000. The 
Oxford Medilog 2 (Oxford Mcdilog, Inc.: Clearwa1er, 

Accelerated Analtsis via Processor-Technician I nlerfocc 

United Medical Marqueuc Cardio-Da1n Avionics Hittman ICR Oxford 
CT-240 8000 MK Ill T,·endseu:r Compu• 6201 Medilog 

scan ((I 2 

Rigid disk microcomputer Yes Yes y .. No No No No 
Digital analysis Yes Yes Yes Yes Yes Yes No 
Simuhancous analysis Yes Ye,; No No No No No 
Can prin1 out all 24 h or dnta 

from tape y .,. No No Yes No Yes No 
Au1oma1ed wave-form a nt1lys.is 

done in sequential page mode y.,. No No No No No No 
A VSEP analysis Yes Yes Yes Yes Yes Yes Ye,; 
Display sep.·uation or a rrhy1hmias Yes Yo Yes No No No No 
Scanning speed 240X 60-240X 120X 60-120X. 60-120X. 60-120X 60X. 

240X 240X 120X 
Heart-rate display Yes Ves Yes Yes y,. Yes No 
Static d isplay con1cn1 , s 10. 80. 10 8,30 120 64 32 120 

160 
Adjustable: arrhythmia criteria Yes No Yes Yes Yes Yes No 
Automatic arrhylhmia de1cc1ion Ye, Ye,; Ye< Yes Yes Yes No 

• Ma11uf11.c1u ter!li o r ,t.e rap«.1ive "f"cm, 11.rea, fq,lio~,: United Medical Corp., I laddOflfidd. :,.:,....., ll'f'W'► , M~rqueUf' El«tnmi~. Mil,.·•uk«. W™"On,.in, C-,d-D••• 
Corp., Marlboro. Ma)W11.huJ.CII~ Aviorm:, (xi Mar, lrvmf'. Califomu1; l·l!Hman Corr . Ce>h1mbi1t., Mat)'l1nM,1; IC'R, Im,; . Livc.rptl(II, Ne"'" York; 0,(0f'd M«l•IOJI,, hi.: .. 
Cl~r~·:uC'r, Flori~: ?,.fM<d, O~rlllo. Cahfornia: Amctk•A Edwardlio, ${!nt11 Ana, Cnhf,"111.a. Ciciadlllfl, l1K!., Su,m)',_..k, Cnlifr,rniJ1. D;1111mcdh, Shurc,,,n, Maui,ch u.-1, 
Acp-; Med1oe11al Syim:m,, Im:., Ml UurC'I. NC'w J ef'M'y. £CO - elCC'1mcsardlogrn1n,; A VSIW •11d10,•i,111il superunpo-.cd ECO prc,,.enrauon: NA noc • r ~ic,,ble. 
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Ta b le 2 . (Continue d) 

Avionic~ Scok United Circadian 
445 Medical Citcamed 

CT-II 

Continuous Continuous Continuous Time. event. 
~ l .. 10.-re.el rffi .. to..r~I rcel-to-r~I or p2tienr 

activated 
0.8 0.6 0.3 0.9 
2 2 2 I 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
9Vor 9V 9V Two siU?--AA 

recharge 
No No Yes No 
Yes Avionics Yes No 

011ly 
Yes Yes Yes No 

Florida) is an example or the older analog-based process­
ing systems and usually costs less thar1 S40 000. 

The rigid-disk systems are the most advanced and filter 
original two-channe1 analog ECG tape for frequency a11d 
voltage artifacts localized in soflware. Ar1alog-to-digicaJ 
conversion takes place. and data are stored on a hard 
disk. During a second pass or the ECG tape, digital QRS 
data are analyzed in core memory by an algorithm 10 

detect ectopic complexes using both feature ex1rac1ion 
and cross-correlation techniques. Templates and Stx-cia l 
forms, such as salvos or vcnt ricuJar , tachycardia, are 
printed out as examples on an ECG strip and then can be 
edited and formatted or numerical data generated (Fig­
ures 2-4). The algorithm drl \'ing rhe .sysr.t:m is complex 
and written in both low- and high-level computer Ian• 
guages: it is significancly more adaprnble for higher-quali­
ty interpretation than the non•rigld disk systems. In the 
hard..,disk systems. Lhe pacient's normal QRS complex is 
used as a reference and the 16-byce tesolution enables a 

Tab le 3. (Continued) 

Datamedix Aegis 
Peggysys 

Event Event Rcc;ord mode 
$1Ctiv:ued activated 

0.6 0.9 A pproximate weight kg 
2 2 Channels, n 
Yes Yes Patient event marker 
Yes Yes Lend sigJ\OI I.CSt 

Two9V Five si7.c-AA Bauer,· type 

Yes Yes Internal calibtntio11 signaJ 
No No Compatible with other systems 

Yes Yes Clock display 

more accurate digicaJ QRS representation to be con• 
struch.'"<i than is achievable with systems that do not use 
rigid disk systems or with reaJ-timc analyzers lha1 have 
onJy 8-byte processors. Thus, better template mutching 
\Yilh few adaptability problems can be accomplished with 
the disk systems. Within these disk systems, the ability to 
analyze both ECG leads simultaneously is helpful in de­
tecting artifacts. Non~disk sys1ems lack ru ll disclo$ute ca­
pability and are capable of onJy limited graphics and lim­
ited display separation of arrhythmias. 

Another type or Holler analyzer performs no aucomat~ 
ic ventricular arrhythmia de1ec1ion but ra1her simply dis­
plays the entire ECG recording on a monitor or prints it 
out in mini:.uur1?'ed form. nr hnth (Fi,e:urn S). T hi~ mini­
ECG presents all recorded data but does not accurately 
quan1 i1 a1c 1he data. Manual quantitation is possible but 
tedious and possibly imprecise::. Whereas these systems 
are inexpensive and can be used in physicians· offices for 
arrhythmia screening, they are probably inadequate for 

Manual Analysis of 
Mini1urized ECG Complexes 

Real~Tintc Analysis by Holier 
Recorder 

Zymed American 

No 
Ye:-
No 

No 

No 
No 
No 
Page mode 

No 
120 

No 
No 

Edwards 
Eliminaror 

No 
No 
No 

Yes 

No 
No 
No 
•SOX 

No 
NA 

NA 
No 

Circadian D::uamedix Aeg,i~ 
Circa med Pe&ga-S)' Medical 

No Ne No Rigid disk n1icrocomputer 
Yes Ye;; Yes Digirnl an::iJysi.s 
No No No Sirnuhunc-ous .tnal)'sis 

Can print ou1 :ill 24 h of data 
No No No from hlp¢ 

Automated wa.ve-fonn anulys1s 
No Ne No done in sequet11 iaf p,1gc mode 
No No No A VSE:P analy::.i::. 
No Ne No Ois1>fa)' separati,,n of arrhyrhnuas 
Event EV('Jll Event Scanning speed 

No Yes Ye,. Hear1-ra1e display 
NA NA NA Static display content. s 

N o No N o AdJ~li:tbk nnhythmin critcri:.. 
Yes Ye.. Yes At1t0ma1ic arrhy1hmi:i dc1ec1ioo 

Mor'l,•Anroth • Ambula10,y Holter £1,oc; trocard,oeraphy 77 
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accurate de1cc1ion o f infrequent bu1 potenually impor­
rnnt complex £CG fonns, such ~s vcmricular 1ripl~ts, or 
for accurate measurement of the frequency of vcn1ricular 
arrhy1hmias. which is rcqufred to determine the effects of 
1 herapeuric interven1 ions. 

Real-time analyzers. or cvcn l recorders. arc digitally 
based and use microproc .... -ssors to detect automatically 
arrhychrnias during the record ing mode, while the l'e­
cordcr is being worn by 1he pa1iem . The accul'acy and 
rcliabiJiry of Its arrhy1hmJa-<.h;t1,,.-c1ion algorithm- 1bc ba­
sis of the 1-ystcm-for qmu11ita1ion of infrequen1 bu1 im­
por1an1 cvcncs have yel to be formally compal'\;d with 
those ofco1uinuous l"<..'COrdmg and ana lysis systems. Rea l­
t ime systems do not analyze 1hc P-\vave and may have 
diffic1.1hy with the ST segment An advantage is lhat little 
or no technical personnel are required for analysis, which 
reduces the cost of 1he procedure, although 1hc recorder 
itself is more expensive. Only limited data are pre..~1tted 
ro the physici•n. depending on rhe qualiry of the ECG 
algorithm, A disadvancage i.s chat bc..--<:uuse only a single 
channel ECG is :rnalyzed. the nbility to quamitatc nor• 
maJ or abnormal darn Hnd to iden ti fy ar1jfac1 may be 
poor. The fl"\.-qucney response of everu recorders is: not as 
good as that of co1uh10ous r(..-cOrding sy~nems. and no 
assessrne.nt or th~ pa1icnt's normal ECG or ll"end d:-ua a re 
ob1ainable. Do.ta validalion is nOL possible, and event re­
corders l c:id to be bulkier. 

"Sampl;ng·· rccol"ders record ECG data automatically 
every few seconds or minutes. ln add11ion. 1he pa1 ient 

v,a·:. 
l Olf 1 

• : • 
! • I • • • • • : • • • • • : 
• 

Figure 2 . A suggestec lormat tor 
pre!.enhng data derlvej by quanti­
tative analysis of Holte, data The 
1op represents a general profile, 
.o,nd the bottom, o. .)f>'C,Uc; p,ofllc 
or ventr,e.ul&r eetop,e beats. See 
Figure 3 . $VP8 SUPl3\IOntl'•Cul3r 
orematuro bi}at : t-t8 - hearU>Ollt: 
VPB = \lentricular pre,nature beot; 
VT =- ventricular tachy:ard1a. 

may activate a button 10 1111wuc recording. This sy::.tcm 
require~ liulc technical help and may be quilc valuable 
for patients wilh infrequently symptomatic nrrhy1hmias. 

Qualit-y Control of Analysis 

Hoher ;,mtalysis systems should be subjee1ed 10 srnn­
dard external and incernal qualily control programs to 
evaluate their accuracy compared with that of a fu11y 
recol"ded and cou1Hed ECG prin1ou1 at 2S mm/s. The 
American Hean A ssocialion J)tovfdes Holier iape data­
bases for qual i1y controk 1hcse tape.~ arc more useful for 
i 111ensive care unil monitoring systems than for high­
spced. i111erac1ivi:. 1ape-p layback analysis systems. Also. 
these dawbascs tend not to have sufficient examples of 
anifact to provide an excellent 1cs1 for chis impol"rnn1 
problem. Thus. each analysis sysrcm and Hohel" laboralO· 
ry must have individua1 quality control standards, using 
24-hour iapes 1ha1 have had ECG abnormalitfos counted 
by ha11d in teaJ time-. Physlci.:ln~ rnu.sr be wary of darn 
from Holter monitors that have not been sub;ec1ed co :l 

rigid quality control program to cnSul"e accuracy and re--­
peouability o f 1he qu;uui1a1 ivc darn. The user should in­
quire whether such a progl'am is used in 1he lnbor'1tOry 
~nd understand its nature. Reports of quality control pro­
grams: should he reviewed 10 determine the levc_J of accu­
racy. 

Data Formatting 
Chatacteristics measured by Hohcr systems s hould in• 
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elude precise details of any supra ventricular and ventric• 
ular arrhythmias:: that ll_re: dcccctcd and heart rate. This 
information should be presented in terms of the low, 
high, and mean frequtncy of these events over 24 hours 
and for each hour of the recording. Specifically, these 
items should include heart rate, supravemricular prema .. 
tu.re complexes, vcncricu l.ar pre.mature complexes, ven-
1ricular couplets. aad ventricular tachycardia (both beats 
and events) (Figures 2, 3 and 4). Tbe time actually ana­
lyzed should be noted for each hour. In addition, impor­
tant changes in the PR, QRS and JT intervals should be 
noted. 

Other measul'ements that should be noted include the 
frequency and degree of ECG pauses, including second­
and third·degree atrioventricular blocks, bra.dyarrhyth• 
mias and tachyarrhy1 hmias. R·0n•T phenomena. and 
diauges in lhe ST S4.!gmem. Pauses can be clearly defined 
as the abser1ce of any ECO data over a period of time. A 
heart rate exceeding a low or high limit signaJs a brady. 
cardia or tachycardia. Missed beats can be analyzed as to 
whe1her 1hey represen1 blocked ectopic complexes or 
atriovcncricular block. The R-on•T phenomena can be 
idenc ified by analysis of the RR interval. Because T 
waves are rl0l l'CC0gmzed by these systems, all R•on•T 
phenomena must be verified by 1he technician. ST-seg­
ment changes can be identified by using certain liming 
and vohage references and identification of the electrical 
baseline t\nd J point. ST.segmen t changes are usually 
measured in terms of the amount of negative deflection of 
the isoelectric level • • 60 to 80 ms after the J paint . The 
slope of 1he ST segment can be described as Hat, upward, 
or downward. Most commercially avajlable systems rec• 
ord only the deAection of the ST scgmen1, no, its slope. It 
is imponant that the system used meetS the American 
Heart Associttlion St!lndards for frequency response. 
Trend records of hear, tl:HC. and ST-segment change are 
of potentiaJ varue when correlated with clinicaJ events. 

Because of the variety or phenomena tha1 can be de· 
1ec1ed und classified wirh rhe new arrhythmia analysis 
systems. formauing has become important for under­
standing the data . Almost aJI systems should show sam. 
pies of various abnormalilies, such as R .. on-T phenome• 
na. ventricu lar couplets, ven1rlcular tachycardia. and 
degrees of atrioventriculnr block. so that t he physician 
reviewing the Holter rep<>n will be able to assess the de4 

gree of confidence and quality of 1he technician•computc:r 
interaction. Although there are no standards for report­
ing such details, 1he display of ECG examples recorded 
while the pa1ien1 was having symptoms (as recorded in 
the diary). graphic or tabular representations or heart 
rate and ST-segment changes. and a quantiration or the 
various forms of ,urial and ventricular arrhythmias are of 
great value to the c.linic:ian. 

Problem$ in the Use of Holter Monitoring 

Hoher monitoring is a noninvasive procedure that has 
no immcdit-tte adverse effects, Although skin irritation or 
hypersensitivity from the electrode gel is possible. pa-
1ients have been exposed to Holler monitoring for as 
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Figure 3. Data tl'om Quantitative Holtu mon1toting analysis pre• 
sen1eo In Qr'apnic IOl'm. VY~ - ven1r1cu1ar premature beat: 
VT • venuicular tachycardia. 

many as 14 consecutive days withou1 major problems. 
The u~ of hydrocortisone cream can elimjnatc allergic or 
irritative reactions to the electrode gel or tape. Standard 
electrical sare1y requirements for Hoher recorders should 
eliminate the possibility of electrical leak. 

To avoid problems in analysis. the ECG data must be 
fed 10 the Hol1.er rnonhor with sufficient voltage co ·•trig• 
ger" the system. Thus. ECG output should be sampled to 
ascertain that the lead system provides adequa1e vollage. 
Extraneous magnetic induction or demagnetiia1ion of the 
recording t.ape can occur and must be prevented. The 
speed of the charting.paper during anaJysis and the re• 
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cording speed are impor1ant. because errors may result i.n 

heart nuc and ST --segment trends if changes in motor 
speed or timing are not detected. Artifacts on ambulatory 
recordings are important, because if they arc not detcc1ed 
quantitative errors will occur that may lead to erroneous 
clinical diagnoses. Artifacts are primarily due to equip­
ment malfu1tction or movement by I he patient. The 
simultaneous use of 1wo ECG channels has been valuable 
in helping to identify artifacts and also in distinguishing 
ventricular premature complexes from aberrant atrial 
premature complexes. Electrical, meohanicnl, and rechoi­
cian errors can produce pscudocctopic beats. pauses, bra­
dyarrhychmias, and tachyarrhythmias. Knowledge of the 
previous occurrence or anifacts and the ability to mea­
sure cardiac rhy1hm 1hrough apparent artifact are clues 
to the presence of an artifact. Battery failure may cause 
pseudotachycardia or pseudobradycard.ia, but usually the 
ECG complexes become narrower or widc.r. 

Recommendations 

The primary use of Holcer monitoring is to de1e .. -ct su­
praventricular and ventricular arrhylhmlas and to assess 
whether therapeutic interventions have been effective or 
proarrhythmic. New analysis systems c,an more accurate­
ly measure the severity of an arrhythmia. thus providing 
useful medical information. The accuracy or Holter sys• 
tems in quanlitation of the type and severity of arrhych-

Figur'e 4. Four slmultaneous pairs o1 electrocardiographlc (ECG) 
strips, representina EOG leads V5 (top) end Vt (bottom) show 
events that arc teported in numerical and araphic displays of Hol• 
ler data. The time of occurrenG& of the slmultaneous £CG strips. 
the heart rate. and the type of arrhythmia as determin<1d by tho 
technician-analysis system are noted. In addition, the socond :ind 
third set ot ECG strips show reeorded rhythms that cen be (::Q((t,lat• 
eel with the patient's symptoms, 
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Figure 5 . Mini•electrocardiographic (ECG) format representing the 
ECG recorded during a 24-hour Holter moniloring session, The sin• 
gle black arrow points to one ot several e<:topie complexes in this 
display. Frequeni deviations in the ECG'$ bascllne due to motion 
artifact can be seen. 

mins and the accu.racy and reliability of such data must 
be assured by 1he use of quality conlrol programs. The 
use of commercial laboratories for analysis of Holter 
E.CG data is becoming more pOpuJar. bcc.ause expensive 
quali1y c::on1rol measures and the availability of costly1 
cons1an1ly changing 1echnology are oflen more likely 10 
be present in competitive commercia l services than in 1he 
usual hospital-based labora1ory. High-quali1y dais musl 
be assured if the physician is to have confidence in 1he 
quantitative daca and to assess the effect of 1hernpy. 

The use or sampling or event recorders may be most 
appropriate for the pa1ien1 with an infrequently sympto• 
.nalic arrhyLhmia 1hat would be unlikely to be recorded 
during the usual 24 hours of Holter moni1oring. An ana1• 
ysis technique that miniaturizes the entire 24 hours or 
Holter data may be useful for screening. but because of 
its lack of accurate quantita1io11 h has limited clinical use. 
Thus. the standard recorder for Holter monitoring srill is 
the tradili.onal continuous recorder. 

In summary. Holter monitoring provides an excellent, 
sensitive, and specific tool for dc1ecd11g arrhy1hmias in 
various pacient populations, par1icularly since 1he occur­
rence of arrhythmias is often undetected by the usual 
cli nical tools. To ensure accurate differentiation or effic.a. 
cy from proarrhythmic effects or a therapy. attention 
must be given to proper analysis technique and assuran« 
that quantitation is accurate. The use of ambulatory 
ECG monitoring to correlate cardiac events with other 
physiologic even is (for example, electroencephalographic 
evenlS and blood pressure) may be of great fu1urc impor• 
tance and is being actively invcstiga1ed. 
ACKNOWLEDGMENTS: The author 1hanb Roben Loring, Ph.D .• fo, 
l:I-S1Js 1Me< in providing 1he data u$C!d in Table$ 2 and l , 
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Vinc.S1rec:cs.; Philaddphia. PA l9J02-1192, 
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