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I, Introduction

The staff report of August 1971 entitled "Computer Assisted EKG
Anglyais{hhd the Regional Medical Programs" described the difficulties
encountered by four Regional Medical Programs in the development and
iﬁplamentation ofra computér assisted electrocardiographic systemv(CAE).
The information presented was obtained from review of appropriate
materiala‘cpntained'in érant applications, correspondence files, aite
visit ind progress reports, Statements pertaining.co the functional
capaﬁilitias of established CAE systems were derived from a limited
review af'bértinent,literatu:e, and attempted to define the practical
~advantagea and the inadequacies of existing systema. The limitations
iﬁherent.to 8 :éfort'based:solely upon thea§ sources are apparent.,"
Accb:dingiy! tﬂe repoéfvwas aﬁbmitted to experts in thevfield of ¢§ﬁ-
"putéfizéa giéctrocar&iogfaéhy:both within and withéut RMPS with thé
purpose,oé ;aen£ifyihg ﬁéjor deficienciés ﬁn& inaccuraéies contained
1n‘it,:;nA t9 offer appropriéfe auggesﬁions. Additionally, an a&_hoc
pangllof,eiﬁérts was cpnvened by ﬁMPS to discuss the ieportv;nd>t6
vappriséikn?szis fo the'curreﬁt state of ﬁhe arﬁ. A li;t of pﬁrticipants

At thia médting, and the agenda is included in Appendix I.

Thesﬁ;éqent,repqrt haé‘been prepared'in;direet‘rgﬁponse to the
,féacﬁionbagéﬁefatéd:by the initial paper and reflects thé'pontinued
interést hn th; pﬁfﬁ ﬁf both]the‘Regiona17Medica1 Programa‘Seriiée*s
éndvindiviaﬁal,Regidngi Medical Programé with‘respect‘fo-CAE'aystems.

Three hoﬁfeéé'of/infbrmatibn have been utilized:
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1., Background and descriptive material derived from the current =
madical'literatute includgq in the annotated bibliograpﬁy accompanying

this report. (Appendix II)

2. Written communicatiqns from the project directors of four

ongoing RMP supported CAE 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

applications, and realistic limitations.

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

developuent and implementation of CAE systems.,

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

CAE 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,__ :
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hqwever; that_the existing deficlencies are as much due to mal-
dietrtbution of trained peraonnel as they are to inadequacies in
ebaolute numbere. 1t is all too common to find an abundance of
highly trained cardiologists concentrated around a sophisticated
medical center vhile the surrounding community lacks such expertise.
The problem is even more obvious when one examines the services
available to peripheral community hoapitels in the more rural areas
of the country. It is unrealistic to expect more equitable d;etri-
bution of existing manpower in the near future. The extension of
expert services available in modern medical centers into their
sutrounding regiona through application of advanced technology is an

attractive elternative._ Computer assisted EKG systems represents

one example of this approach.

‘Aside from the neeesaity of increasing the availability of EKG
services, there exiets a need to iﬁprove the quality of EKG inter-
pretation. Cenﬁention51 electrocardiography suffers from several
shortcomings basic to which are the limitations of the human mind.
Even the moet skilled'cardielogist is subject to fatigue. This
affects both his observations and his analysis. Lack of consistency
in the application of the multiplicity of diagnoetic criteria is
another characteristic that impaits the performance of electrocardi-
ographere.. Finally, human EKG interpretation is biased by factors
other than the analytic data provided in the tracings. The electro-

_cardiographer haa variable access to 1nformation regarding the patient's

age, sex, health status, medication, symptomatology, etc., 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.






























































































