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I, Introduction

The staff report of August 1971 entitled "Computer Assisted EKG
Anelyais{hhd the Regional Medical Programs" described the difficulties
encountered by four Regional Medical Programs in the denelopment and
inplementation ofra computér assisted electrocardiographic syetemv(CAE).
The information presented was obtained from review of appropriate
materiala‘contained'in erant applications, correspondence files, aite
visit end progress reports, Statements pertaining.to the functional
capaoilities of established CAE systems were derived from a limited
teview of'oertinent,literature, and attempted to define the practical
~advantagea and the inadequaciee of existing systems. The limitations
inherent to 8 report based solely upon theae sources are apparent.,"
Accordingly, the report was aubmitted to experts in the field of con-
"puterized electrocardiography both within and without RMPS with the
purpose of identifying major deficiencies and inaccuracies contained
in it,:and»to offer eppropriete euggestions. Additionelly, an ad_hoc
panellof,eioerte was convened by ﬁMPS to discuss the reportvond>to
vappriseikn?szos to the'current state of the art. A liet of perticipants

et thia meoting, and the agenda is included in Appendix I.

Thesnreeent,report hae‘been prepared'in;direct‘reeponse to the
,feactiono;genereted:by the initial paper and reflects the'continued
interest on th'e; pert of both 1che"kegiona1f Medical Programs Serviee -
and individual Regional Medical Programs with respect to ‘CAE aystems.

:Three sonrces of information have been utilized:
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1, Background and descriptive material derived from the currént
medicallliterature 1nc1udgd_in the annotated bibliograpﬁy accompanying

this repof£;  (AppendixlII)

2., Written communicatiqns from the prdject directors of four

ongoing RMP supported CAF programs.

3, The stenographic transcript of the proceeding of the ad hoc

advisory panel assembled By RMPS on November 30, 1971..
The objectives of this report include the following:

1. To summarize the present functional capabilities of CAE
systems with emphasis directed towards practical potentials and

applicationg, and realistic limitations.

2. To establiéh suitable roles for RMPS with respect to design,

developuent and implementation of CAE systems.,

3. ‘Yo provide guidelines with respect to system selection,
deployment and markéting strategies for use by RMPs interested in

CAl systems, :
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4. To provide suitable information for use by the National

Advisory Council, RMPS, in establishing policy with respect to sup-

port of CAE systems.
5. To recommend appropriate RMPS policy in this area.

I1. Need for Improved Electrocardiographic Services

Disorders of‘the cardiovascular system are the leading causes of
morbidity and mortality in the United States. It has been estimated
that over one‘million Americans die from acute coronary heart disease
annually,.and an additional aeveral hundred thousand succumb to cerebro-
vascular diaeaaes.v The electrocardiogram is an essential tool in the
evaluation and management of these and other disorders. It is ac-
knowledged by experta, however, that many areas of the country lack
adequate electrocardiographic services. The average practitioner,

though often familiar with the rudiments of EKG interpretation, relies

| upan the assistance of associates more thoroughly trained in this

apecialized area. Ideally, an expert cardiologiat ahould be available
for thia service, but this is frequently not the case. More cdmmonly, an
internist or general practitioner with an intereat in electrocardiog-
raphy assumes this function. Clearly, the quality of electrocardio-
graphic aervices available in any particular area of the country may

be quite variable. Many potential solutions to this problem exist.

Training more cardiologists or additional training for. non-

cardiologiat physicians are two approaches. It must be realized,__ :



however, that.the existing deficiencies are as much due to mal-.
distribution of trained personnel as they are to inadequacies in
absolute numbers. It is all too common to find an abundance of
highly trained cardiologists concentrated around a sophisticated
medicel center while the surrounding community lacks such expertise.
The problem'isleveh more obvious when one examines the services
available to peripheralvcommunity hospitals in the more rural areas
of the country, It iS*unrealistic to expect more equitable distrié
bution of existing manpowervin the near future. The extension of
expert services available in modern medical centers into their
surrounding regions through application of advanced ‘technology is an

attractive alternative.; Computer assisted EKG systems represents

one examplevof this approach.

‘Aside from the necessity oflincreasing the availability of EKG
gervices, there exiets a need to iﬁprove the quality of EKG inter-
pretation. Conventional electrocardiography suffers from several
shortcomings basic to which are the limitations of the human mind.
Even the mostvskilled‘cardiologist is subject to fatigue. This
affects both his observations and his analjsis. Lack of consistency
in the applicstion of the multiplicity of diaghostic criteria is
another characteristic that impairsythe.performence of electrocardi-
ographers.. Finally, human EKG interpretation is biased by factors
other than the analytic data provided in the tracings. The electro-

'cardiographer has variable access to information regarding the patient's

age, sex, health status, medication, symptomatology, ete., and this
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influences his estimation of various abnormalities of EKG waveform.
Though such clinical correlation is essential to accurate patient
evaluation, it distorts the interpretation of objective data presented
in the EKG. All of these factors contribute to the variability of
human EKG interpretation. This is reflected in the magnitude Qf
disagreement found among experts analyzing the same EKG, and in'tﬁe
inconsistencies detected when the one interpfeter reads the same
tracing on different occasions. Skilled electrocardiographers exhibit
a reproducibility of EKG diagnosis of approximately 80%; the perform- |
ance of non-experts is moée variable. The digital computer is well |
suited tAIEkG,anaiysis, énd, as will be subsequently diécuésed, is
. @apable of overcoming many of the limitations inherent to human

interpretation.

Anﬁ‘pfopbégd system designed»to improve the availability’and
quality‘ofAelectrocardidgraphic services must do sé within the re-
strainta-impased by éxisting economic resourcés. The cost of a con-
ventional EKG varies considerably throughout the country from a few
dollars_to‘fhirty dollars or more. These'figﬁres reﬁresenﬁ the‘fee' B
charged by the provider institution or physician and do not necessarily
teflect'the‘trﬁe'cOst of the unit cardiogram, Limited data are avail-
ablélénslyzing component costs, i.e., technician salaries, softﬁare, 
ﬁninéenanqe, and overhead. One important cbjective for any EKG
seryigq including CAE sysféﬁs must be cost-cbntainment. 'Additional

. “hardware, software and personnel costs should not add significantly
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to existing expenditures. The service must be provided at comparable

costs, or preferably, with cost savings.

III. Description of CAE Systems

The digital computer is capable of analyzing large volumes of
specific electrocardiographic variables related to wave contour,
magnitude, duration, and frequency. The recognition of deviations
from programmed normal}values in these parameﬁers permits discrimination
of abnormal EKGs from normal ones. Identification of patterns of |
&eviation can then be translated into specifié diagnostic stateménﬁs;_

The computer, therefore, may serve only to select out abnormal tracings

from a larger population of normal ones. Or, the computer may offer

diagnostic interpretations with appropriate alternatives and exclusions.

Thbugh,in&ividuéi'systéms differ with respect to specific hard-

ware, they all share some common features:

1. A device to detect and record the electrical events 6f the

heart and a preamplifier system to amplify the millivolt-range

physiologic signals tb a level that can be worked with conveniently

(data acquisition cart).

2. A system for converting this signal into a mode suitable

for computer input (analog-digital conversion).

3. A means of storing and transmitting the coded signal to

the digitai computer.
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4, A digital computer and a suitable computer program

Available systems differ with respect to design of acquisitioh
carts (single channel versus three channel), input mode, computer
facilities, and printout equipment. The recording technique includes
either standard twelve lead tracings, Frank orthogonal leads, or com-
binations of these leads. Several contour and rhythm pfbgrams are
available, most using concepts of binary logic. The use of muiti-
variate statistical analysis remains largely dévelopmentalf Differ-
ences also exist in the form of the computer printout (paper and
microfilm), mounting, storage and retrieval capabilities. Finally,

. the types of service provided by any single system vary.

Recognizing the multiplicity of CAE systems currently in
operation, and the variety of hardware, software; program and logis-
tics involved, tﬁe succeeding section concerned with current functional
capabilities of CAE systems will confine itself to general issues and

avoid detailed analysis of any single system.

IV. Current Functional Status of CAE Systems

A, Range of Services

Screening: Lérge volumes of EKGs can be batch processed by
existing CAE systems rapidly, reliably, and at reasonable cost.
| . Patients with abnormal or borderline tracings may be selected out by

the computer for further evaluation. - In addition to separating normal



from abnormal EKGs, the computer may provide specific diagnostic -

statements.” EKGs detérmined to be normal by the computer appear to
require no further validation, since the incidence of false negative
interéretaﬁions is less than 1%. Depending upon the rigidity‘ofvthe
' diagnostic Critefia, the incidence of false positive diagnosis may |
be as high as 20%; therefore tracings with suspected abnormalitiesv'

require physician validation.

Definitive Interpretation: The succeeding sections

dealing with thé>accuracy, volume capacity and cost factors of CAEV
systems relatgsptimarily to those systems providing dgfinitive inter-
pretation, Sbme génera14comments are in order at fhis pbint. SeQéral
EKG wave contour and rhythm programs are currently available, and have
met with varjing‘success. Most offer standard twelve lead tracings
along with véétorcérdibgraphic display. Increased utilization of

the vectorcardiogram'(VCG) should be considered advantageous, since

it provides the electrocardiographer with additional useful information.
CAE systems have proven to be quite flexible in that chagging diag-
nostic criteriéV¢Ah bé accommodated for By'appropfiate alterations

in programming.

CAE systems have also shown flexibility with respect to
deployment. COmﬁuter centers have provided EKG services in a variety
of environﬁenté including large medicai‘complexes, small and medium
sized hospitals, oﬁtpatient clinics, smail group practices and solo

office practicés.




Multiple sourées of funding have provided thevnecessary :
working capital including NCHSR&D, RMPS, commercial interests gnd
iﬁ;titutional reseérch‘and development grants. CAE systems are v
presently #vailable both'from commercial enterprises and from several

large medical centers.

Critical Care Unit Monitoring: On-line EKG monitoring in

coronary care (CCU), intensive care (ICU), and respiratdry care units
may'provide continuous surveillance of cardiac rhythm and contour.
Other physiologic va:iableé often«simpltaneously‘mpnitored include
blood gasés,vblobd'pressu;e,'réspirétory rate and ;empefﬁturé. Inade~
QuACies of;human senses with'respect to continuous obéervation;of
muitiple-variableé have been well documented. The application of CAE

systems in these environments is largely develbpmenthl-

‘Eieré;gg_iesting: Seﬁér#l programs havé been‘desigﬁéd for
continuous‘ahalysis of“EKG,wuﬁé“contour and rhythm during gréded exer-
cise testing. fhéce’prbgrhms are essentially research oriented.‘ Conm-
puteriiad*analylil b£ exercise testing is not widely nvuilablé, dhd :

must be considered in a»&evelopmengnl stage.

‘Cqméatative Intgrgrétation: Though seve;al‘computér pré-
gféms are'qﬁdefgaing déﬁélbpﬁent,‘relatively few CAE syétemé‘proﬁide
£or‘even lﬁmitédfcompérative ikG interfretation. Improﬁed‘technOIOgy
i§ évailéblebfor ex§ansioﬁ ofvstbrége and’retriev#l c;pabilities whigh

may be expgdtedfto]facilitate-Compafative analysis. Disagreement:
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exists, however, as to which parameters should ‘be compared. Addition-
‘ally, it has been stated by some experts that comparative EKG analysis
can be performed more effectively by human observers. All agree that
comparative evaluation of multiple EKGs adds valuable information to
patient assessment, and further deVelopment of this aspect of CAE

systems is to be expected.

B. Accuracy

Computer analysis of EKGs may be subdivided into three dis-
tinct processes: signal acquisition and measurement, conparison of -
determined paraneters against sets of normal values, and synthesis

of patterns of deviation from normal values into diagnostic statements.

‘ With respect to the measurement process, the computer appears
capable of precision comparable to the most meticulous human effort.
Though some variation in wave measurement is inherent to the sampling
procedure, it isvminimal. The computer experiences difficulties in
areas similarly troublesome to human observers, i.e., P wave recog-
nition, detection of minute r waves, and determination of initiation,
duration and termination of Q waves, ST segment and T wave, Unlike
their humdn counterparts, computers are not subject to-fatigue,‘thus

assuring consistency'of repetitive determinations.

RecOgnition of deviations from normal values and synthesis
of diagnostic statements rely upon both the precision of wave measure-

ment and the adequacy of programmed normal values and logic. Computers
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offer the distinct advantage of being able to retain large volumes
of information, including the multiple'parameters required for EKG
analysis. The major limitations are the validity of the programmed
nornal veluesvand diagnostic criteria, and these limitations apply
equally to bothscomputer and human interpretation. Most CAE systems
in current‘use utilize binary logic and decision tables that attempt>
to duplieate the anel&tic‘prbcééses of the expert electrocardiographer.,
The net effeet of the computer interface is enhanced reprodueibility
of interpretation resulting from rigid adherence to programned‘in-'
strnctions.; Errors of omission are minimized though at the expense

of 10- 20% false positive stetements.

If accuracy of CAE systems is defined as degree of agreement
with expert human interpretation, then optimal performance should be
reflected in 100%’computer=physician sgreement; In praetice,~1ess
than the ideel is realized.  Approximate figures'from systems serving
1arge inpatient popﬁlations containing a preponderance of abnormal
tracings indicate tnst 85%'offeomputer.analyzediEKGs‘reouire no snbse-
‘Quent alteration or modification, 1;5;, the physieianeconputerfegree~
' nent approacnés’és%;‘ Grester'egreement has Been achieved with eontour
enelysis (approx. 90%), while rhythm statements are less reliable

(75-80% agreement)

" Two ‘general reasons” for computer-physician disa‘greement are
identifiable. GAE eystem error and physician error. Factors affeet~

ing human performence ‘have previously been alluded to and include
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fatigue, forgetfulneés,-impreciee measurement, inconsistency of diag-
nostic criteria, and bias. CAE system failure may be separated into

defects in'daté acquisition, data transmission, and data analysis.

The dominant'éources of errors of'acquisitioﬂ are felated
to inadequate'recofding techniques, impropef lead positioning, inad-
vertant 6miésion ofhieAAs,‘respiraiéry variafiohs, arfifact, and back-
ground and tranaﬁissiéh noise. 'Many of these pfoblems are resolvable
through improved téchnidian training, and modification of the data
acquisition'carts} The design of more suitable elgctrodes and.imﬁroved
methods for signal filtering are under development, and can be'éxﬁeéted

to enhance the quality of the recorded signal; Similarly, distbrﬁibn,

noise, and artifact introduced during telephonic'transmission’appear

to be potentially solvable technological problems.

‘vAnalytic errors may be further cétegoriied 1ﬁto'ihadequacies
of programﬁiﬁg, errors in measurement, and disagreement as to diaé-k
nostic classificaﬁidn. " Brrors of measurement relate to the sampling
process and, as preViously mentioned, most . often involve failure to
detect P waves and QkS,'QT and ST-T segment duration. Artifact, back-
ground noise, and unrécognized ectopic beats may.further confribute'

to measurement error.

Instances where wave measurement is accurate but diagnostic
classification is improper are usually due to remedial errors in pro-

gramming.. Disagreement with respect to diagnostic classification ‘ff¥“
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often reflects minor discrepancies between computer and electrocardi-
ographer. Physician inconsistency and ambiguity of diagnostic criteria

are most often responsible.

In summary, though the degree of cardiologist-computer agree-
ment ia‘quite'high, a significant incidence of major disagreemeﬁt_still
exists, thus necessitating human validation of all computer-anaiyzed
EKGs. Except in screening situations in wﬁich the compﬁte? can Se
relied‘upon to separate normal EKGs from equivocal and abnormal ones
independentiy, CAE s}stema serve to assist’the electrocardiogfapher
in his task. The value of the physician-computer interactipn w111~bé‘

discussed in a subsequent’séction w).

C. Volume Capacity

A decided advantage of CAE systems is Eheif'ability to
process large numbers of electrocardiqgrams rapidly and continuously.
The volume capacity of any CAE'system is determined by three mﬁjo:
varisbles: ~ data acquisition time, computer'time,.aﬁd phyéician‘vali-
dation‘timé.',Acquisitiqn'fimé is affected by‘techniciaq skill,lnuﬁbér
of 1eads’fééordéd, and'EYpe éf cart utilized. Using carts‘cﬁrrently
available fqr reéor&ing three leads simultaneously, the acquisition
time for a twelverlead tracing is comparable-to recofding a standard
twelve lead EKG on a one channel cart. Addition of three Frank
orthégonaihlgads i@cfeg;esvr¢¢ording‘time qlightly. Thgcquality of

the aqquired,aignal is anlimportantldeterminant of overall system
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performance and this is directly influenced by the skill and motivation
of the'recording'techniciah. ‘Additional training 1is necessary to assufe‘

high quality signal acqﬁisition.

Among the facfors controlling computer time are the follo&ing:.
capacity of the computer, écmplexity of computericontdur and rhythm
programs, input modé'(batch processing versus interrupted input), and
range of services provided, Comparative interpretation requires addi-
tionél time t§ allow fot search and retrieval of stored records;-‘A
mediumvcaﬁacity,’dedicated computer is capéble ofvp:ocesging apprbxi~
mately two hun&ted EKGs‘per hour inéluding analysis and data printout

without comparative intefpretation.

From a clinical Qtandpoint, it is advantageous to provide the
physician with an interpreted tracinngith minimal delay. The key
determinant of turn-around time, i.e., time from inscriﬁtion of tﬁe
signal to’délivery of,the‘definitive interpretation, is thévadditional
time required for validation of the computer record. The computer
can provide an interpretation within minutes of the inscription
of the signal. All computer diagnoses, however, excepting thosé
determined to be entirely normal in screening situation, must be
authenticated by an electrocardiographer. At the present time this
service may Be provided By cardiologists associated with the computer
center, local c&rdioldgists, or physicians requesting the electro-
cardiogréphi¢ service; It is generally agreed that the physiéian—
utilizei should be pfdviaed with a validated record, and that
review by an electrqcardiographef is necessary. It is the degree

~f saeiatanca offered by the CAE system to the electrocardiographer




that determines its effective output. Tracings identified as being
normal by the computer require no more than casual verification.
Similariy, many abnormalities are analyzedvso reliably by the CAE
system that the reviewor cam accept these diagnostic statements with
a high level of confidence. Complex contour abnormalities and arrhyth-
mias require closer scrutiny. The computer interface accelerates
anolysisyof routine tracings allowing the electrocardiographer more
time to consider the more complicated ones. The interpretation]time
of a cardiologist reading predominantly abnormal tracings may be |
halved, thus potentially doubling his output. Utilizing batch pro-
ceasing, turn-around time for a computer assisted EKG interpretationv

. with verification averages twelve hours or less.

D. Cost Factors

. From the sténdpointtof the CAE‘aystems provider‘it is oon;
venient to exgmine oomponent costs in three areas: data acquisition
and transmission, computer processing, and physician validation. It
must be emphasized that,thé:figuree mentioned are only approximations,
with signiiicant‘variotions existing among 1ndividuo1 CAE systéms;

Some of thé‘féotots responsible for these differences will be identified.

| Aside from tﬁemcompmter;‘the data ocquiattion cart is the
, 4aingle most eXpenaiVe hardware’cbmponent of CAE ayatems. Cost of‘p,
. purchase varies from $6, 000 to $10 000, whereas rental fees average
| $2,000 to $3,000 yearly. Assuming the functional life of this equip-

ment to be five to seven years, cost per unit EKG baagd’upOn an annual



volume of two_thouabnd tracinga is $1.00 to $2.00. Thia is ekcluaive°'
of maintenance, overhead 'auppliea, and -technician salaries. These o
factors must’ be figured into the total cost of acquisition, and applp :
to both aysteme utilizing computer analysis, and to conventional 'EKG
services. Where technicians function solely to record EKGs, the unit
cost is increased by an amount caléulated by dividing technician
aalary by annual-volume of tracings. In inatitutions generating large
volumes of EKGB, technician salaries addrapproximately $2.00 to unit
acduiaition costs. Smaller hospitals often use EKG technicians for ‘

a variety of functions in addition to EKG recording, thua obscuring

the analyaia of acquisition coata.

Computer costs are influenced by computer size, processing
mode, range of'aervice provided, and data display form. The most.
important determinant of'computer costa‘is efficiency ofuutilization.
Maximal utilization in terms of volume of EKGs processed reSults in
optimal unit cost. Cost-effectivenesa can be achieved on a medium
sized (e.g.,,lBM 1800) dedicated computer with an annual volume of
100,000 tracings. Lesser volumes are more economically handled uaing
a medium sized computer on a time-sharing basis. Uninterrupted batch
processing is'tne most efficient input mode. Periodic "gtat" or
emergency tracings must be anticipated in any system designed to pro-
vide complete electrocardiographic services to inpatient populations,
though these interruptiona impair the operating efficiency of CAE
systems. -The addition of data storage and retrieval capabilities

necessary for comparative interpretation increases unit cost, as do
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modifications in the form and content of data display. Estimates of
$1.00 to $3.00 have been made for direct computer costs exclusive of
salaries for programmers, clerks, secretaries, maintenance, and over;
head. Representative éombined cost per unit EKG including acquisi-
tion, transmiésion, processing, printout and return varies from $5.00
to $7.50. Héwever,'accu:afe estimates of total direct and indirect

costs are not available.

Finally, there is the cost of validating the preprocessed
EKG. As already mentionea, the fee charged for a standard eIécﬁro-
cardiogram shdws marked regional variation and the total cost tréns;
mitted to the patient is not an accurate réeflection of the component
costs of the service, The‘feés charg;d by bhyeiciana for interpfe~"
tation of tracings are highly variable. If the costs of computer
preprocessing are.simplyladded to the customary fee chargedvby the
electrocardidgraphér, cost containment and reduction are not achieved.
The obvious question remains: How can the benefits of computer assisted
EKG analysis be realized withqut inflating the cpit of the finished

product?

 ‘ Most commercial organizations marketing CAE‘system; epséntially
ignore the problem bf not including physician validation as part of
the lcrviceéthey sell,"?rom-bbﬁh medical and 1ega1'viéwpointa,”com~’
pdtar prééeqsed‘electrocardiograms»lacking individual verification
by a akiile&jelectrochfdiographer‘Are unacceptable. Whether or not
these'éompaniesaCanﬁprovidefCAE serViceé with constantly available

physician validatioﬁ;at competitive prices is uncertain at this time.
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Two mechanisms to provide for validation may be offered. The first

is employment by the computer center of electrocardiographers for the
purpose of providing validation. A foreseeable problem is the avail-
ability of round the-clock coverage. A second approach is validation
by local cardiologists in the area being served by the computer center.
To avoild increasing EKG costs by addition of coﬁputer costs to local
onee, some adjustment of physician fees may become necessary. Theor -
etically, since computer preproceseing is estimated to reduce the.time
requiied fof physician interpretatioh, a reductioh in unit cost may

be possible. However, this will depend upon the complexity of the

tracings, the need for comparison and the number of tracings analyzed.

CAE eystems situated in university medical center com- - -
plexes have been ebie to provide EKG service with validation on a
twenty-four hour a day basis and at a cost of . $4.50 to $6;56.
There are several reasons for this. Most important are the investi-
gaﬁive aspects of these programs and the interests of the participating
cardioiogists. VItJis obvious that the bulk of the money generated
from the eervice chErge covers. the cost of acquisition and comphter
processingj a relatively small fraction goes to the physicians over-
seeing the operation. Secondly, geveral additional sources of funding
are available to these programs including support from private industry,
foundations, and intefnal research and development monies. Thirdly,
at‘least some of the supervisory function is assumed by members of
the house staffs, tﬁbugh all tracings are ultimately reviewed by

senior staff members. Fourthly, the current service charges are
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adequate for support of the ongoing programs but fail to include
initial developmental and marketing‘expenses. Lastly, these programs

operate on a large annual volume of tracings.

Iﬁ summary then,'seve:alyviable CAE éystems'are avaiiabie
that are capable of delivering high quality electrocardiographié
earvices’at reasonable cost. Though current service charges provide‘
adequate‘support for established, ongoing ay#cémﬁ,.they do not éomf

pensate for start-up costs which may be considerable.
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V. Advantages and Potential Advantages of CAE Systems
A, guality‘of Electrocardiographic SerVices'_

' B Computer preprocessing of EKGs minimizesvthe adverse‘
effects of physician fatigue, forgetfulness, and bias, Rigid adhetence
to programmed criteria diminishes errors of omission by alerting the
physician to diagnostic possibilities otherwise overlooked. Similarly,
sources of physician misdiagnosis become identifiable upon.review of
the analog-data presented in the computer printout. The computer'inter—
face allows for greater stanqarization'of diagnostic criteria, thus
reducing-intet-observer and intra-observet yatiation, and enhancing
analytic teproducibility. Additionally, technicians must be more
meticulous during EKG recording to insure optimal signals for computer
input' this enhances the quality of the data display and serves as a
built-in quality control mechanism. Overall, the quality of the EKG
resulting from the computer-physician interaction is superior to that

furnished by either one separately.

B, Utilization of Manpower
with respect to the EKG technician, utilization of the

data acquisition carts is somewhat more complicated than conventional
electrocardiagraphs,  and additional training is required, This is not
difficult to‘achieve and technicians readily adapt to the new carts.
Recording time may be slightly increased when fourteen or fifteen lead

positions are required; though in general, the recording time on-




multichannel acquisition carts is comparable to standard machines.

The computer interface permits automation of cutting
and mounting of tracings, thus freeing.techniCians'from these'time-
consuming tasks; Similarly, computer processing provides‘automated
determination of inpulse duration, magnitude. direction and frequency,
theae tasks having previoualy been the responsibility of the individual
interpreting the EKG, The net effect is a significant aavings in

personnel time,

Two positive effecta upon physician utilization are
diacernihle.l Firatly, computer assistance enhances the speed of inter—
. pretation of the electrocardiographer, diminishing the smount of time
necessary. for the review of tracings. This 18 translatable into an
increased volume cspacity for the phyaicisn allowing him to examine
more records”in leas~time. The time saved can be invested in other
areas demandinévhis attention. Secondly, CAE systems serve to expand‘
the»outreech of'the electrocardiographic abilities situatedfwithin the
computertcenter.‘ As a result, the general quality of.electrocardiogtaphy
in the community is‘improved, and areas lacking the easential'mnnpower
can have access to high.quality services, conveniently and]at~nenageable

coste
C,]»Regionalization

. L ‘ ) One attractive aspect of CAE systems from the point of

view of RMPS is the potentisl for implementing planned delivery of



22

essential medical eervices on a regional basie; ‘This ia‘particularly
true for those'eyatems based in a medical center environment. ‘The
linkages eatnblished between provider institutions and peripheral
medical facilities and personnel have the potential for developing
beyond service relationships into viable comnunications petworks. It
is difficult to estimate the effectiveness and quality of cooperative

relationships‘foatered'by existing CAE systems,
D. Increaeed Interest

It is probable that the availability of CAE systema haa
and will continue to stimulate increaaed interest in electrocardiography
among practicing physicians. This interest is expressed as increased
utilization of the electrocardiogram in patient evaluation in both

hospital and ambulatory care environments, on a more routine basis.

E., Coutinuing Education

It baa also been‘suggeeted that the CAE data display is
an effective educational device. Certainly the information contained
in the printout, i.e., analog data, including diagnostic criteria and
tracing reproduction, can increase the knowledge of the average physician,
However, the extent to which it is utilized is determincd by the motivation

of the recipient. An evaluation of the educational aspects of CAE

systems is not available.
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F. CAE Systems as a Reference Point

- As has been mentioned, little information is available
with respect to cost and time factors associated with the recording and‘
interpretation of conventional electrocardiograms. Similarly, relatively
few studies attempt to define the quality of standard EKGs. The develop-
nent o£’CAE programa has resulted in-increaaed understanding of these
and other aapects of electrocardiography. This haa been evidenced by
materisl presented earlier in this paper dealing with cost factora,

volume capacity, and sources of physician-computer disagreement.

G. Dete Base

. " Much cfl our current knowledge of electroc‘ardiography ie
based upon enalyaia of relatively small numbers of tracings. Inlﬁart,
this eccuuntc far the multiplicity of diagnoatic criteria presently in
usge, It s in this ~area that computer technology will probably have the
greatest impact. The enormous capacity of ccmputera permits analyais and
clinicopathologic correlation of hundreds of thouaanda of electrocardio—
grams, enabling us to more accurately define the limits of normality and
the determinants of abnormality. The application of computer techniques
has already pointed out ‘the limitationl of conventional electrocardiography,
and will continue to add new ‘knowledge. Further research in these areas,
including the application of analog computere, multivariate analysis,‘

and high frequency electrocardiography can be expected to alter the EKG

.f of the future. |
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VIi. Limitations

The preceding pages have dealt almost entirely with the
positive aspects of CAE systems. Unresolved problems do exist, however,

and need to be}identified.
A. Costs
Provider

dné persistent problem relates to program start—up.. Estab-
lished CAE systéms with adequate support, in térmé of‘opera;ing volume, are
aﬁle to.suétain‘themsélves on funds generatéd by sérvice‘chargés comparable
to the fees received for conventional EKGs. In other words, a poténtial |
subscriber can purchase tbe service from one of several functioning i
systems_rather'thaﬂ;relying,on local resources without increaéing'the
cost to his pafient. But the funds accumulated by the prdvider in this
way cover only cost of operation. The money expended during prégfam
initiétion,'development and growth may not be recovered. The commercial
interest or institution organizing a CAE system must have access to
sufficient capitél td covef the costs of start-up., In addition, a’period
of time ﬁust bé planned for ééqﬁisition of an adequate ﬁarkef and ové:—

. coming technical difficulties. The magnitude of these variables have

not yet been clearly defined.

Maihtenance and operating costs will be determined by local, needs,

and by willingness of local physicians and institutions to subscribe to the
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service. Several CAE systems have been unsuccessful because of their

inability to establish an adequate market.
Utilizer

Those individuals and institutions interested in subscribing
to a CAE system must first assess their needs and resources. Partici~
. pation in such systems is expensive. Total direct and indirect costs
have not yet been clearly delineated., At the present time, verification
by an experienced electrocardiographer must be.included in any CAE
gysten. The,potentiel cost benefits derived from the system must te
anelyzed to separate data acquisition savings, from the savings derived
by ‘reduction in the time required for EKG interpretation. The'formet
ia applicable to all EKG systems. The cost to a physician s office, or
a small EKG laboratory must be eValuated against the costs of alternativev
EKG interpretation systems.' Though CAE systeme utilization may be the
most advantegeous arrangement in certain situations, other approaches
‘exist; and shonld BeYCQnsidered when planning for improvement of

electrocardiographic services.

B+ Performance

TP —————————

Because of the repid development of computer technology during
the past decade, CAE systems should be considered to be in a transitional

haae with reepect to capabilities and range of services. Disagreement
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among experts as to what constitutes optimal system components,\both
hardware and software, continues. Further refinements of data acquisition.
carts, rhythm and comparative programs, storage and retrieval'capébiliéies
are to be expected. Increased interest in alternative approaches, such

as multivariate statistical analysis and increased usage of anaiog'
computers, will alter the nature of CAE systems of the future., How

rapidly these changes will occur is difficult to predicr.

Whether or not a completely automated EKG eystem is achievable is
also debated. Artifacts, complex arrhythmias, minute inconstant defleetions,
the need for comparative interpretation, and transmission difficulties

are all challenges to this goal, The adventages anticipated with utiliiing

a CAE system to provide physician assistance must be evaluated against the
adequacy of existing services in the region or institution. Emphasis
should be‘direeted towards’ the delivery of high quality elecrrocdrdio-
graphy by physicians and institutions lacking this service to their
patients. Of the various benefits described in section V, the most
important, from the viewpoint of RMPS, is the potential for exrending'
the outreach of the expertise within the computer center into the
surrounding community. The development of a CAE system to serve a
single large medical center complex, without linkage to surrounding
institutions, is of lower priority. Though the quality of electro-
cardiograéhy as practiced in.these centers may be enhanced by the

_computer interface, such deuloyment uould have little influence upon

the EKG resources of the surrounding region, where the need is more

apparent.
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Related to this, though on a more philosophical level, are the
inherent limitations of the most popular CAE systems; i.e., those pro-
grammed to reproduce human decision-making and logie, Designed to mimic
the expert electrocardiographer, such systems assume the limitations of
conventional electrocardiography, Some have suggested that greater
benefit would be derived by employing computers to do what the human mind

cannot do == to examine parameters and variables ignored in currect ptaetice.

VII. Potential RMPS Roles

In direct response to the question posed by RMPS, members of the
ad hoc panel euggested'severel possible roies for involvement of
individual RMPs with CAE systems. The following suggestions‘reflect
the opinions of the panel members end are not necessarily in agreement with

RMPS goals and policies. They are presented for information only.v

A Info;gatign‘
1, Aseiat in the evaluation of local and regional EKG

resources and needs,

12. Identify appropriate methqde for fulfilling such needs,

B, Educ ation:

12 Serve as a-source of information concerning the aveilability,

; capabilitiee, and potential advantagea of CAE ayetems.

j52; Inform local physicians and institutions as to the existence

of thia type of EKG service.;

3 Encourage partieipetion in such systems where'locel need is



demonstrated,

4, Assist in overcoming lécal resistence to implementatioh
of CAE systems., v |

5; Provide similar information with respect to alternative

approaches for the delivery of EKG service.

C, Organization:

1, Encourage communication between the health care pfoviders
and health institutions of the region so that common needs may be

recognized.'

2, Foster cdoperative'arrangementa among local hospitals with
the aim of improving the quality and availability of EKG services, whether

utilizing CAE systems or some alternative.

D. Consultation:‘
1. Provide technical and organizational assistance to physicians
and institutions 1nteré§ted in subscfibing to or initiating a CAE system,
2, Serve as liaison between interestedvparties and experts in
the field of computer assisted electrocardiography.

3. Provide similar consultative assistance to those interested

in alternative EKG service system, -

E. : .Suggott:
1. Make available limited monetary support to assist in tie

planning and implémentation of regional EKG services including CAE systems.

2, Provide short term assistance until these systems become
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self-supporting.

F. Research and Development

1. Encourage essential investigative work in areas related to
CAE systems =— €.8., exercise testing nrograms, coronary care unit
surveillance, etc,

2. Encourage and aunport projects concerned with the extension

of advanced technology into the special care unit environment,

viiI Deplovment
A,  Computer 'Facilitig_g ‘

. | Both - commercial -and institutionel computer centers have‘be‘en
utilized., Private industry has played a large role in the development and
implementation of relieble CAE :systems, Since they.hev‘e proved ‘eucceseful,
and‘because they can operate on a profit making basis, it is most appfo—
priate that CAE systems be marketed by commercial organization’s. Ongboing‘
research and development -are essential in all viable industries, CAE |
systems being mo exception. Continued development cf system hardware and

software ehould properly remain the responsibility of private industry. ‘

The use of computer facilities within the medical center environ-
ment offers ad_ditional adyanteges including a proximity to expert ‘electro=

cardiographer, educatienal potential, availability for EXG research, and

. ‘the possibility for establishment of a regional communicetione network.
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The availability of both equipment and personnel, and the capacity for

sharing computer time and programmer time are also attractive aspects of

an institutional computer base.

B. Data Acquisition Terminals -

A variety of sites for deployment of computer terminals have
been explofed. Most often, mobile data acquisition carts have beén
utilized. Efficiency is enhanced in situations where théucarts are
stationary and patients are required to come to some area set aside for
the recording of EKGs. This is, however, impracticai in many circum-
stanées. Small and medium sized hospitals genérally employ one or
several mobile carts that record from patients in the general hospital
area, special care units, and in emergency rooms. Multiple terminals
from a number of these institutions are linked to a central computer base

to furnish the necessary unit volume,

Larger institutions may employ many carts, both stationary and
mobile, A computer serving a single medical center complex may receive
data frou terminals situated in the éreaa already mentioned; as wgll:as
from outpatient facilities, cérdiac catheterization labdfatories,énd

agsoclated extended care facilities.

Terminals situated in ambﬁlatory care facilities including
clinics, medical foundations, and Health Maintenance Organizations are
foreseeable, Provided that the individual facility can generate a suit-

able volume of tracings, the linkage of multiple ambulatory care areas
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to a central computer base may be practical. This has not been

demonstrated.

At this time, small groups and solo practitioners recording
‘a 1imited number of tracings daily would be better served by some
other arrangement. In these situations, the cost of data acquisition

carts becomes prohibitive.

IX. Conclusions and Recommendations

.Electrocordiographic'aervicea are inadequate in many porcs
of the country, and a need for improving these services exists. The
. mognitude of this need is quite variable, both among different regions
and in different areas of a single region. Orgonization of, or‘Sub-
scription to, a CAE system may be one approach towards fulfilling
these'needo.. Several existing CAE systems have demonstrated their
ability to impfove both the quality and the availability of electro~
oordiographic services, though problems of cost containment continue.
RM?Zinvolvement witthAE'oystema may be appropriate in some instances

' wlﬁh the following qoolifica;ions:

1. Regional noeds-wicn respect to electrocardiography must be
‘anseasod as part of a more gonorol evoluation of regional resourcesdfor
the management of cardiovascular disease. Attontion should ‘be directed
to areas of: gtootoot need, and priorities establiohed Improvement‘v

- of EKG sorviceo ehould not be considered alone but should be part of

a coordinated plan forvenhancement of regional health services.
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Isolated attempts to upgrade regional EKG capabilities are not con-

sidered to be appropriate roles for RMPs.

2. Regions concerned with upgrading EKG services should consider
several courses of action. Depending upon the availability of exist-
ing resources this may be the‘establishment of cooperative'arrange-
ments Setween neighbbrihg hospitals, linkages between local institutions
and larger medical center complexes, or use of CAE systems. The |
thorough consideration of all approaches, and selection of thé one

best suited to fulfill local needs, is of prime importance.

3. lneéitufionéxeﬁd individuals in regions lackiﬁg the necessary
personnel,‘technelegy, qf voldme required for support of.an ehtire
CAE system may consider éubscription to an established systeﬁ outside
of the region if such eetionrbest serves local needs. Individual
RMPs may make'eVailable{to interested parties, pertinent information
related to the existenee of and the capabilities of these systems.

Such'infofmaiibn should be accompanied by the following recommendations:

a. The CAE system must provide for validation of individual

EKGs by an experienced,eléctrocardiographer.

b. The service must be available on a twenty-four hour a

day basis.

. Cs The éervices-dffered by the CAE system must be compatible

with the needs of the utilizer.
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d. Careful consideration must be given to all cost factors
including physician validation fees, equipment rental or purchase

costs, transmission charges, and maintenance.

4. Regions possessing the necessary technological expertisé;'
facilities, and capability for providing a volume of EKGs sufficient
to support a CAE sysﬁem;may receive RMP assisﬁance. This may take
the form of technical consultation, organizational couhaeling, insti-
tutional liaison, and participatioh in the assessment of régionaiv
needs, resources, and priorities. RMPs should noﬁ assume the respon-
sibility fb;-provision of start-up and maintenance fundé; The poten=-
£ia1 profit fac;or inherent to CAE systems makes this the cbnéern of
private industry. Limited monetary support by RMPs may be justified
during the organizational phases of CAE ajstem implementatiﬁn. Such
funding iaklpécifically‘inténded‘to assist in estaﬁnishing auitaﬁle
working relationshipg beﬁween participants, prbvide for‘techniéai

consultation, and assist in the evaluation of the proposed system.

5. EKG systaﬁS’receiving RMP assistance should»possess,the

following characteristics:

a. The service offered must be compatible with the needs
of the region and should include both unit validation and twentyéfour

hour a day availability.

b.  Priority is to be given to extension of the service

~intb the region sojthat*small and medium sized institutions méy

benefit; computerization of electrocardiographic services within a
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medical center complex, serving only the components of that complex,
is‘not,of‘the;highest priority. The major objective of the EKG
system ‘should be enhancing the quality.and_accessability of EKGl

serviceswthroughout the region.

c.; Utilization of proven hardware, software, and program-
ming components, 80 that immediate benefits can be realized. Emphasis :

is to be directed atidelivery‘of service rather than research and

development.,

’ d; An adequate marketing strategy, 1. e., provision for '
the necessary volume, assurance of local support and utilization of

the system, and a service charge compatible with system viability.

€. ‘Totalvcost to the patient, including validation, _
should be comparable to the customary ‘EKG costs of the region, and

referably less.

6. RMPS should encourage 1ndividual RMPs to seek assistance
from acknowledged experts in the field during the planning and initi-
ation phases of any program. RMPs ghould act as liaison between the

two so that appropriate technical consultation is available to project

proposers.

7. With respect to extension of computer technology into the
areas of exercise testing and on-line critical care unit monitoring,
both areas must be considered developmental As such at the present
time, they lie outside of the direct objectives of RMPS, i.e., im-

proved delivery of medical care.
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REGIONAL MEDICAL PROGRAMS SERVICE

AD HOC ADVISORY COMMITTEE
TO REVIEW STATEMENT ON COMPUTER

ANALYSIS OF ELECTROCARDIOGRAMS

Conference Room C -~ B Wing, 3rd Ploor Parklawn Building
10:00 - 3:30 Tuesday, November 10, 1971
Chairman: Leonard Scherlis, M, D,

AGENDA

I. Introduction and Statement of Purpose - Dr. Harold Margulies

II, Summary of Staff Report on Computer Analysis of Electrocardiograms

‘ (CAE) - Dr., Kenngth G:hnbel
II, Questions Conerning'thq Current Punctional Status of CAE systems

A, What are the iihitatibna of CAE systema currently being
utilized with respect to accuracy, precision and reliability?

B, Can physician validation of CAE be eliminated?

C. What are the actual time savings in physician man-~hours?
(Also in Allied Health and Clinical)

D. Under what conditions are current systems coet-effective?
What are the total unit costs?

E. What services should be considered essential to the opération‘
of CAE? (Optimal turn~-around time; interval between analysis
and validation; 24 hour day availability?)

F. What are practical locations for the acquisition units?
What is minimum volume to be cost~effective?

G. What are alternatives for delivery of improved electro—
' cardiographic services in areas of need,

' H, What is the role of private enterprise in the development
. und monuoring of CAE? . ,



1 Have CAE programs met with acceptébility from. the physician
community in which they are provided? In your practice, do
you accept CAE without further verification?

J. In existing programs, what percentage of operation can be
"~ considered research and dgvelopmentZ : S

K. Under what conditions are CAE justifiéd even ifruhit cost
exceeds cost for the same service in the same area?

L. Under what conditiorns would you use CAE as 8 screening tool?

-

1V, Additional questions or presentations (10 minute limit) from participants.

V. Adjourn




