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INTRODUCT I ON

Electrocardiographic abnormalities are in themselves not dis-
eases. lgaorance or oversight of this basic fact causes inestimable
and unwarranted anxiety among many patients and their families, de-
prives active citizens of necessary insurance coverage, and contributes
to the creation of many '‘cardiac cripples' among individuals with
clinically normal hearts.

The electrocardiograph has become one of the most frequently
empioyed and widely accepted laboratory aids in clinical medicine.
An electrocardiogram now is one of the cornerstones in the work-up
of nearly every patient suspected of cardiac disease, and in the
“'routine'' evaluation of many active, ostensibly healthy citizens who
seek life insurance or various types of employment. Together with
its widespread acceptance and use has come an amazingly naive confi=~
dence in its infallibility as a diagnostic tool ~ a credence that
reflects the current trend toward reliance on "'scientific'' diagnosis,
but which frequently belies the true nature of the information the
electrocardiograph records.

The electrocardiograph simply measures the electrical poten-
tials which are generated by the myocardial cells as they polarize
and depolarize during the cardiac cycle and are transmitted through
the adjacent heterogenous tissues to the electrodes at the body sur-
face. The electrocardiogram cannot measure directly the thickness

of the left ventricular wall, the patency of the coronary arteries,
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or the diameter of the cardiac valve orifices, and attempts to quan-
titate these parameters from the electrical phenomena represented on
the clinical electrocardiogram are at best hazardous, frequently in-
accurate, and often completely erroneous.

The electrocardiograph does not lie. Within its inherent
mechanical limitations, it reflects accurately the electrical poten-
tials of the heart as they are generated during the cardiac cycle,
modified by conduction through body tissues, amplified electronically,
and recorded graphically. The pathologic electrocardiographic ''diag-
noses'’ assigned to clinically normal hearts arise almost exclusively
from perverted attempts to translate the specific electrophysiologic
data furnished by the electrocardiogram into the anatomical altera-
tions with which they show a high, but not absolute, empirical cor-
relation. Mechanical derangements in the recording apparatus itself
and its connections to the patient, together with errors in technique
of recording, account for the remainder of aberrant tracings that
give rise to erroneous pathologic interpretations.

These technological and technical aberrations have become
less frequent sources of interpretive error as simpler, more effici-
ent machines and better standardized techniques have improved the
average quality of electrocardiographic tracings. However, with im-
proved tracings has come increased reliance on them in the total
evaluation of cardiac status, and an ever increasing pressure on
the individual interpreter to make a positive '‘'‘clinical' interpre-

tation from the electrical data of the tracing. 1In rare situations
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where a suspicious clinical cardiac evaluation may devolve ultimately
on the electrocardiogram for ‘'diagnosis, ' or where an equivocal elec-
trocardiogram represents the only *abnormality,' this pressure on

the interpreter becomes an obvious and potentially tragic source of
misdiagnosis.

To minimize the possibility of overinterpretation of ambiguous
electrocardiograms, many electrocardiographers include in their eval-
uations such statements as ““these changes may also occur in patients
with normal hearts,” and ''possibly . . .’ or "probably normal elec-
trocardiogram.' (22) In exploring more objectively the limits of
“possibly (and/or probably) normal electrocardiogram . . .,' this
paper will ciassify, describe, and explain several sources of
falsely pathologic electrocardiograms recorded from clinically nor-
mal hearts in terms of accepted electrocardiographic criteria of
normality and current knowledge of the electrophysiologic behavior

of the clinically normal heart.



I ATROGENIC HEART DISEASE

The author has observed several patients who presented symptom
comp lexes suggestive of heart disease, and who had been assigned var-
ious pathological cardiac diagnoses resulting in partial or complete
limitation of physical activity for varying periods of time; e.g.,
one 39-year-old woman had been virtually bedfast for more than nine
years because of reported ‘'‘pulmonary stenosis, associated right ven-
tricular hypertrophy, and intractable angina pectoris.'' In each
case a pathologic electrocardiographic interpretation had contributed
materially to the ultimate diagnosis of cardiac disease; however,
upon more objective re-evaluation of the cardiac status of each pa-
tient, no clinical evidence of heart disease could be demonstrated.
The symptoms manifested by these patients resulted from various
pathologic or psychiatric aberrations unrelated to the cardiovascu=~
lar system, and closer evaluation of the ''pathologic'' electrocardio-
grams revealed various artefacts closely simulating the changes
consistent with true organic heart disease. In the case cited above,
severe costal chondritis was responsible for the “intractable ex-
ertional angina pectoris;' a moderate pectus excavatum had displaced
the heart leftward and compressed it, causing a functional systolic
murmur over the pulmonary valve and '‘cardiac enlargement'' on chest
X-ray; and leftward cardiac displacement had caused marked apparent
deviation to the right of the mean RORS vector of the electrocardio-

gram, resulting in a misdiagnosis of *'right ventricular hypertrophy."
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In each other case, non-cardiac explanations were found for the
signs and symptoms of '‘heart disease' manifested by these patients.
Artefacts of extracardiac origin and ''over=-diagnosis’ of equivocal
electrocardiograms were responsible for misinterpretation of the
tracings in each case where they had contributed to the misdiagno-
sis of heart disease. In a review of these cases, one obvious
question arose: how could a diagnostic tool as widely employed and
accepted as the electrocardiogram err so frequently?

Cardiologists recently have expressed much concern for the
tragic and unnecessary plight of the falsely diagnosed ‘cardiac
cripple.' (6) Frequent articles in the current literature dealing
with the accurate clinical evaluation of the heart have emphasized
the hazards of translating isolated atypical types of chest pain,
certain hemic murmurs, and equivocal subjective symptoms into diag-
noses of heart disease. However, in spite of the almost routine
use of the electrocardiogram in cardiac evaluation, its role in the
misdiagnosis of heart disease only rarely has been stressed in the
clinical literature, presumably due to the relative paucity of know-
ledge concerning the genesis of the components of the electrocardio-
gram and to uncertainties invoilving the range of the normal.
Printzmetal, and others (1956) reported their experience with pa-
tients manifesting subjective symptoms of heart disease and ''marked
anxiety occasioned or intensified by an inaccurate interpretation
of the electrocardiogram.'* The most important symptoms in their

cases were anxiety and chest pain, and ''tenderness on firm fingertip
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pressure over the anterior chest wall't suggesting costal chondritis
was the ''most frequent physical finding.'" They found no clinical
evidence of heart disease in this group of patients, and concluded
that the initial misdiagnosis could have been avoided by a high in-
dex of suspicion of "heart disease of electrocardiographic origin'
and awareness of two facts: first, that chest pain does not always
represent heart disease and, in fact, '‘occurs as frequently in pa-
tients with normal hearts as in patients with coronary disease,'’ and
second, that ST-segment and T-wave changes ''do not invariably denote
myocardial abnormality' and may ''sometimes be caused by the patient's
fear or apprehension. (22)

Thus, the relative lack of absolute criteria for the clini-
cal diagnosis of incipient or equivocal signs and symptoms suggestive
of cardiac disease becomes obvious, and the clinician may face the
unenviable responsibility of deciding black versus white in terms of
grey. That he frequently should turn in these equivocal cases to
the more ''scientific'' (ergo trustworthy) information supplied by the
electrocardiogram for the ultimate ''yes' or ''no’ decision reflects
only justifiable human uncertainty and the slightly more reprehensible
blind faith all too frequently vested in the expanding criteria of
""scientific'" laboratory diagnosis. The following discussion will de-
scribe some of the pitfalls inherent in this type of diagnosis with

reference to the clinical electrocardiogram.



SOURCES OF ELECTROCARD!OGRAPHIC ERROR

There are at least three important potential sources of error
in the completed clinical electrocardiogram: 1) technological error,
due to mechanical failure or maladjustment of the recording appara-
tus itself; 2) technical error, due to improper preparation of the
patient and/or slipshod technique in recording and mounting the
finished tracing; 3) interpretive error, based on ill-informed or
overzealous clinical diagnoses assigned to equivocal and/or incom-
pletely understood electrical phenomena.

Technological Sources of Error.

Electronic recording devices such as the string galvanometer
electrocardiograph and the ''direct writer' have inherent mechanical
shortcomings, even when they are functioning perfectly, that dis-
tort the electrical phenomena they record to a measurable and una-
voidable degree. In general, manufacturers of the currently popular,
clinically employed electrocardiographs have minimized these mechan-
ical limitations so that they represent clinically insignificant
error when the machines are functioning properly. However, the manu-
facturers cannot control those defects which develop, or are magnified,
as a result of normal wear or improper maintenance of the recording
apparatus,

The direct-writer electrocardiograph employs a mechanical
writing arm that transmits movements of the galvanometer mechanism

directly to a recording stylus of either the thermal or ink type.
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Inherent in this system is an unavoidable weight of the writing arm,
resulting in an inertia which smooths out the small deflections that
may occur in the QRS complex at a frequency rate of 100 to 200 cycles
per second, deflections that are readily apparent in the tracings re~
corded by the more sensitive photorecording systems. Dimond terms
this characteristic of direct-writers a ''decrease in the frequency
response,'' and states that the minor deflections smoothed out by this
type of recorder ‘''cannot be correlated with clinical findings,' and
*little, if any, clinical significance should be attached to them.'
(&)

Although the direct-writer does record accurately the clini-
cally recognized electrical abnormalities of the heart, which occur
at about 1.3 cycles to 40 cycles per second, in spite of its inher-
ent inertia and insensitivity to higher frequency oscillations, it
is more susceptible to maladjustments and mechanical wear than is
the photorecorder. (17) These most often manifest themselves as ab-
normal widening of the intervals and abnormal displacement of seg-
ments, both of which may result from an abnormal degree of drag be-
tween the recording stylus and paper. The dreg may result from a
gradual accumulation of debris on the stylus, and has been reported
from "deterioration of the vacuum tubes in the amplifier system."
(17) Intervals also may be abnormal if the timer in the photorecorders
is defective or if the speed at which the paper moves varies in the

direct-recording machines. (17)



To minimize even further the inertia of the writing arm, many
direct-writing machines employ an electronic damping mechanism which
reduces the overshooting at the peak of each deflection as the weight
of the recording arm carries it beyond the true peak of the electron~
ic stimulus. If this damping mechanism becomes overactive, the ex-
cursion of the writing arm is inhibited, and the complexes recorded
are deformed in the same fashion as by an excessive drag of the sty-
lus. [f damping is less than desirable, unopposed inertia of the
writing arm causes overshooting, with increased amplitude of each
deflection (peaked P-and T-waves, deeper (-waves, increased ampli-
tude of R-waves) which may give rise to misinterpretations. A loose
string in the photorecording machines also may cause this overshoot-
ing artefact. Underdamping and overdamping artefacts may be recog-

nized by careful examination of the standardization deflection

(Fig. 1).
Correct Effect of Normal Aberrant
Standardization Damping Error Tracing Tracing

JL
L

Figure 1. Effect of overdamping and underdamping. Widening of
intervals, displacement of segments due to overdamping.

Peaked P~ and T-wave, deeper (-wave, higher R-wave due
to underdamping.




Defects in the amplification tube system which activates the
writing arm may record equal positive and negative voltages as un-
equal deflections on the tracing, giving rise to interpretive er-
rors in records where amplitude of the deflections may be a key fac-
tor. Dimond (1954) refers to this artefact as "asymmetrical response.''
(4)

Employing electrodes made of different materials may create
a relative charge with respect to the two electrodes and cause a
corresponding amplification or reduction of the magnitude of the
projection of the cardiac vectors on the corresponding lead of the
electrocardiogram. (&)

Broken lead wires may explain bizarre artefacts which appear
in any two limb leads but not in the third. (&)

After long use, the metal stylus band employed on most direct~
writers may become bent, twisted, or worn, resulting in poor contact
with the knife edge over which the paper passes and recording a
biurred base line of varying width that may hamper interpretations. (&)

An inconstant movement of the base line, unrelated to respira-
tions of the patient, can be caused by varying line voltages supply-
ing the machine, and may be corrected by a voltage regqulator placed
in the circuit between the wall outlet and the recording apparatus.
(4) Base line shifts also may be caused by polarization of elec-
trodes and by swinging of wires conducting electricity close to the
lead wires connected to the patient, thereby inducing current in

the respective leads. (3) Loose contact any place in the circuit
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may produce sudden shifting of the base line. (3)

Kossman (13956) emphasizes that the interpreter may avoid
“a grossly erroneous interpretation of a technologically inaccurate
record'’ only by remaining alert constantly for ''such variation in
performance. . . of the machine,’’ and by '"fairly frequent mechanical

checks on the precision of the individual instrument.' (17)

Technical Sources of Error.

As is true of most laboratory diagnostic sids, the relative
value of the clinical electrocardiogram in cardiac evaluation var-
ies directly with the skill of the technician responsible for re-
cording and mounting the tracing. Although inherently less sensitive
to small, high-frequency potentials thar the photorecording machines,
the direct writers in general use comparatively are quite simple to
operate, and present only & few pitfalls which an alert technician
can avoid by an awareness of their existence and a basic knowledge
of their causes and correction.

For purposes of description, the cesuses of technically unsat-
isfactory electrocardiograms may be grouped under seven basic errors
of omission and commission: 1) improper preparation of the patient;
2) improper preparation of the machine; 3) improper placing of the
electrodes; 4) improper lead length; 5) improper editing, mounting,
or labeling; 6) inadequate number of tracings; and 7) inadequate
history. The first five categories of error result from direct over-
sight by the technician responsible for preparing the electrocardio-

gram for interpretation. The last two sources of technically
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unsatisfactory tracings do not result directly from primary errors
by the technician himself, but are classified here with the techni-
cal errors as sins of omission that delete necessary information

from the individual electrocardiogram and render clinical correla-

tion of the tracings difficult or impossible.

improper Preparation of the Patient

In order to obtein uniform electrocardiograms that are use-
ful for serial comperison of tracings and free of artefacts for ac-
curate interpretation, the technician should prepare each patient
for the recording in a manner that insures comfort, freedom from
anxiety, and uniform contact with the recording apparatus.

A patient in an uncomfortable position may move to a more
comfortable position during the recording, or may develop muscle
cramps. Motion during recording may disturb the contact of the
electrodes with the body and cause changes in resistance between
the skin and the electrodes, thereby initiating movement of the
galvenometer mechanism unrelated to cardiac action. In addition,
potentials arising from contraction of skeletal muscle may cause
changes in current through the galvanometer with small, irrequliar,
sudden deflections of the recording apparatus that may mask criti-
cal aspects of the tracing and render interpretation inaccurate or
impossible. (2)

Somatic tremors of organic etiology also may cause a confus-

ing electrocardiographic picture. Hollendonner (1957) described &
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patient in whom an isolated tremor of the upper extremity produced

a ‘rapid, reqular deflection in the electrocardiogram resembling

the F-wave of atrial filutter at 280 per minute,' associated with a
“rapid, regular, clicking sound similar in character and location

to that described in atrial flutter with a high degree of A-V block."
In this case, a phoncocardiogram revealed the simultaneous occurrence
of the sound and the electrocardiographic deflection and their dis-
appearance when the patient's arm was restrained. (14) The author
has seen similar tracings from a patient with Parkinson's syndrome
in whom the rapid, regular electrocardiographic deflections initi-
ally proved confusing, resembling atrial flutter, and the litera-
ture contains other references to lesions of the basal ganglia
causing somatic tremors as a source of electrocardiographic confu-
sion and/or error. (10, 20)

The technician must apply the individual electrodes to each
patient prior to recording. Errors can arise here when the skin is
not cleaned properly, causing a poor contact of the involved elec-
trode with the skin and resulting in changes in resistance between
the skin and electrode that cause sudden, sharp deflections of the
base line. (17) A similar error in application of electrodes that
may be less obvious upon examination of the finished tracing re-
sults from use of copious amounts of electrode jelly on the chest
wall, with consequent confluence of the paste applied to adjacent
points. Kossman (1956) feels this technical error "may account for

the inverted T-wave seen far to the left in some reports of

-13_



(otherwise) normal precordial electrocardiograms.' (17)

Improper Preparation of the Machine

Although the popular direct writing machines require few
0
precise adjustments prior to operation, clinically significant blur-
ring of complexes, improper amplification, and other artefacts may
appear in the finished tracings if the technician fails in any of
these initial preparations.

Failure to eliminate sources of electrical interference from
the immediate environment probably is the most frequent source of
confusing and unsatisfactory tracings due to inadequate preparation
of the machine. |If the recorder is not ''grounded’ properly to the
plumbing or other suitable appliance, alternating current may pro-
duce regular, symmetrical deflections (60 per second with 60 cycle
AC) that notch the baseline and complexes and render interpretation
difficult or impossible. This alternating current interference may
arise from obvious sources such as metallic objects in contact with
the patient and electric blankets over the patient, or from more
obscure sources such as synthetic coverings on the examination table,
electric lamps in adjacent rooms, wall paint running into the AC
outlet and acting as a conductor with the entire wall as a source
of 60 cycle interference, and a simple increased humidity in the
room causing accumulation of moisture on the patient and equipment
and providing a pathway for leakage of interference. (4)

Electric interference at other frequencies may be caused by

ringing telephones (20 cycles per second), by dialing telephones

_]L’,_



(5 cycles per second), by X-rays producing 3-sine wave artefacts,
and by fluorescent lights producing high frequency interference. (4)

Uncleanliness and corrosion of electrodes and ends of lead
wires, if neglected by the technician, may cause poor contacts be-
tween the patient and the recorder with resultant sharp deflections
of the base line. (17) Ironically, overzealous attempts at cleanli~-
ness through polishing of electrodes with steel wool or other soft
metal abrasives also may cause base line deviations by polarization
of the electrodes. (4)

The technician may cause errors in interpretation of ventricu-
lar hypertrophy or dilatation, emphysem&a, myxedema, and other inter-
pretations in which amplitude of the complexes is an important cri-
terion, by failing to adjust the amplification of the recorder to
the accepted full standardization of a ten millimeter deflection in
response to a stimulus of one millivolt, so that those interpreta-
tions consistent with high or low voltage may be suspected erron-
eously. When very high voltage stimuli truly do exist, the corres-
ponding deflections of the stylus may extend beyond the limits of
the recording paper and render interpretation inaccurate unless the
technician centers these particular leads individually on the paper
and/or reduces the amplification of the recorder until the deflec-

tions will trace on the graph paper.
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improper Placing of Eliectrodes

In the standard clinical electrocardiogram, the four elec-
trodes that usuelly are attached to each wrist and ankle, together
with the unipolar suction-cup electrode that is moved to each ana-
tomical precordial lead site, provide the only connection between
the patient and the recording apparatus. The skill and uniformity
with which the technician applies these electrodes to each patient
is a significant factor in the reliability of the individual elec~
trocardiogram, and in the interpretation of serial tracings to
evaluate changes over & period of time.

An electrode attached to & limb more tightly than the other
electrodes are attached will be more positive electrically in re-
lation to the remaining electrodes, and the magnitude of the pro-
jection of the cardiac vector on the leads served by this electrode
may be altered accordingly. (&)

The conventional location of the limb leads on the distal
extremities, and the chest leads in the fourth and fifth intercos-
tal spaces from the right sternal border to the left midaxillary
line, provides uniformity of serial electrocardiograms within the
limits imposed by normal anatomical variation of chest configura-
tion, position of the heart in the thorax, and the ebility of the
heterogenous body tissues to act as an ideal volume conductor. How-
ever, when deformities of the chest wall or errors in locating the

precordial electrodes alter markedly the anatomical sites of the



leads in relation to the position of the heart within the chest,
the magni tude of the projection of the cardiac vector on the leads
changes accordingly, and apparent deviations of the mean AQRS sug-
gesting ventricular hypertrophy or "abnormal'' 0-waves suggesting
myocardial infarction may result,

Paradoxically, as in the case of pectus excavatum described
above, either true displacement of the heart within the chest
(pectus excavatum) or relative displacement of the heart (misplaced
electrodes) shifts the apparent direction of any cardiac vector op-
posite to the direction of the displacement of the heart. A change
in the accepted geometric and spatial reference systems of the leads,
caused by the true or relative shift of the center of electrical
activity of the heart, explains this paradoxical artefact (Fig. 2).
The principle that a true or relative displacement of the heart
causes an apparent displacement of the cardiac vector in the oppo-
site direction may be applied in the evaluation of any electrocard-
iographic ‘‘abnormality't in which thoracic deformity, misplaced elec-

trodes, or true cardiac displacement could be involved.
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the simultaneous deflections in leads | and 111. (17) Another
error related to. lead orientation may occur if the technician fails
to turn the lead selector switch from the last of the limb leads,
aVF, to the central terminal position before he records the precor-
dial leads; thus, all the "precordial' leads will appear identical
and may confuse interpretation unless the similarity of each to

lead aVF is noted.

Improper Lead Length

In theory, only one complex from each standard electrocardio-
graphic lead should be required to analyze the electrical activity
of the heart as it polarizes and depolarizes during the cardiac cy-
cle. However, in clinical electrocardiography, the technician of-
ten records the tracing at the bedside of seriously ill patients,
under conditions where artefacts due to electrical intarference
and movements of the patient may be difficult to eliminate. Con-
sequently, artefacts may distort many complexes. |If the technic-
ian fails to record a generous number of complexes from each lead,
the finished tracing may show only aberrant or distorted complexes
in any given lead or leads, or may have an inadequate number of con-

secutive complexes for diagnosis of arrhythmias.

Improper Editing, Mounting, or Labeling

The electrocardiographic technician usually is responsible
for editing the several lead tracings, labeling them ccrrectly, and

mounting them in a designated order on a card or folder prior to
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final interpretation by the electrocardiographer. Important errors
that may confuse the interpreter can occur during each of these
steps.

The technician, who frequently is untrained in evaluation of
electrocardiograms, may trim off important abnormalities in cutting
the leads to size for mounting. He may label the leads incorrectly
and/or arrange them in improper sequence on those folders that pro-
vide specific labeled slots for a given length of tracing from each
lead. He may also mount leads upside down, which Kossman (1956)
has described as an occasional cause of mistaken diagnosis of myo-
cardial infarction. (17) Like mixed lead wires, tracings mounted
upside down usually may be detected by the application of Einthoven's
Law. (17)

After the tracing is prepared for interpretation, a final er-
ror may occur if the record is assigned to the wrong patient. This
occurs more frequently in hospitals where many electrocardiograms
are taken daily, and particularly if electrocardiograms are trans-
mitted to the laboratory through a permanent wiring system with out-
lets near the bedside. The source of the electrocardiogram in
question may be clarified by comparing the tracing with those re-
corded from other patients on previous days until simiiar tracings
belonging to another patient are found, or by noting from the re-

cord all the other tracings taken on the same day. (17)
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Inadequate Number of Tracings

Certain electrocardiographic interpretations and observa-
tions depend upon comparison of serial tracings recorded over vary-
ing periods of time for adequate evaluation. True progression of
changes can be shown conclusively only by three serial tracings,
to confirm a change that only may be suspected from two consecutive
electrocardiograms. The diagnosis of acute myocardial infarction
from electrocardiographic changes on a single tracing may be haz-
ardous because residual myocardial scars from previous infarctions,
or persistent ventricular aneurysms, may cause CRS complex altera-
tions or ST-segment deviations that may suggest acute myocardial
damage upon initial examination. Persistence of the abnormalities
without demonstrable change in subsequent tracings may confirm the
diagnosis of old infarction or ventricular aneurysm and rule out
the presence of an acute myocardial infarction. (2, &, 11, 26)

Obviously, accurate long~term evaluation of the electrocardio-
graphic behavior of the heart is not possible without an adequate
number of serial tracings to demonstrate comparative alterations as

they may develop during the period of time in question.

Inadequate History

The electrocardiographer often is expected to iaterpret the
electrical phenomena represented on the electrocardiogram in terms
of their possibie clinical causes. In order to arrive at these

etiologic conclusions with any reasonable degree of certainty, he
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should have exact information stating why the tracing was desired
and full knowledge of any or all clinical factors which may influ-
ence the final tracing before he begins his evaluation.

Many factors unrelated to the immediate indications for the
electrocardiogram may influence profoundly the final tracing sub-
mitted for interpretation. For example, the orientation of the ana-
tomical and electrical axes of the heart within the thoracic cavity
vary from a vertical tendency in the tall, thin individual with a
low diaphragm to a more horizontal orientation in the short, plump,
or pregnant individual with a higher diaphragm. (26) Very obese
individuals, whose excess tissues have increased electr.cal resis-
tance, may show a tendency to lower voltage compliexes than slender
individuals with less resistant tissue interposed between the heart
and electrodes on the body surface, Thus, the electrocardiographer
must know the body configuration of the individual whose tracing he
intends to interpret before he can evaluate adequately possible ab-
normalities of the mean ﬁQRS axis, apparent high or low voltage
complexes, and possible repolarization abnormalities of the RS-T
interval.

Evans and Lloyd-Thomas (1957) emphasized how the position of
the heart in the thoracic cavity could influence the projection of
the cardiac vector on the standard electrocardiographic leads. They
described thirteen patients who presented with nonspecific chest
pain and/or palpitation with no other demonstrable evidence of car-

diovascular disease on ''routine clinical examination,' but who all
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showed depression of the S-T segment in leads Il and Ll accompanied
by occasional Q-waves in the same leads. Exercise dic not exagger-
ate these changes, thus ‘''separating them from those due to. . . in-
farction.'" In each case, X-ray of the chest revealed wide separa-
tion of the cardiac and diaphragmatic shadows, especially during
inspiration. They postulated that separation of the heart from close
contiguity with its surrounding structures, especially the diaphragm,
"'"di sturbs the anatomical medium that customarily transmits the vary-
ing electrical potential generated by cardiac contraction. . .' so
that the tissues do not act as an ideal volume conductoar and the
spatial orientation of the cardiac vectors is altered accordingly.
(7) Thus, when the heart is separated from the diaphragm, due to

the decreased conductivity of lung tissue the cardiac potentials
follow a new path of least resistance via the more conductive ver-
tebral structures and orient themselves more posteriorly, changing
the magni tude and/or direction of their projection on the standard

leads of the electrocardiogram (Fig. 3).
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The QRS-T angle varies accordingly, *not often exceeding 45° in the
frontal plane or 60° in the anterior-posterior plane' in the normal
adult electrocardiogram, (11)

The interpreter also must be informed of the use of cardiac
drugs such as digitalis and quinidine, which affect the electrical
behavior of the heart in a specific manner, before he can evaluate
accurately changes in the electrocardiogram resembling these effects.

The relative necessity of certain historical information --
especially indications for the electrocardiogram, age of the patient,
body type, and drugs in use -~ to orient the electrocardiographer
in his evaluation of the electrocardiogram is clear; the contribu-
tion this information makes toward accurate correlation of the elec-
trical data of the tracing with the clinical impression desired
must be emphasized.

Interpretive Sources of Error.

Assuming that the electrocardiograph functions properly and
that the finished record contains no technical flaws -- assumptions
which will be more or less justified by the condition of the appara-
tus and the skill and reliability of the technician -- still another
source of falsely pathologic electrocardiographic interpretations
may contribute to misdiagnosis. This category of errors is based
on the interpretation of the electrical data of the record; its
incidence necessarily varies inversely with the skill and clinical
experience of the individual electrocardiographer; its source lies
in perverted attempts to correlate the anatomic malformations and
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lesions noted clinically or pathologically with the modifications
of the electrical behavior of the heart noted in the electrocardio-
graphic leads. The correlation between the two, though often good,
never can be perfect.

Empirical criteria delineating acceptable limits of normal
for the electrical behavior of the human heart have evolved from
observation of a very large number of clinicaily normal and dis-
eased hearts. As more observations become available, the empirical
limits of normal electrical behavior of the heart will be revised
accordingly to include the greater fund of information, and a nore
accurate correlation between these empirical electrical criteria
of normality and true absence of cardiac pathology presumably will
result. However, until the electrical behavior of the heart can
be described and understood in its entirety, occasional healthy
hearts will continue to behave beyond the best known empirical
limits of electrical normality and erroneously will be considered
diseased.

For purposes of description, various non-cardiac factors
that may cause the electrical behavior of the heart to approach
or exceed the empirical limits of electrical normality will be dis-
cussed in relation to the segments of the electrocardiographic com-
plex which they alter, recognizing that some factors may influence

more than one segment of the complex.
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The P-Wave

Because the sinoatrial node where normal atrial activation
begins lies in the right atrium, the atrial depolarization wave
normally passes across the atria from right to left; thus, the nor-
mal P-wave is an upright deflection in leads | and 11, and may be
either upright or inverted in lead Ill. It normally persists for
about 0.08 second and rarely has an amplitude greater than 2.0 mm.
in the limb leads. (11)

Tall, peaked P-waves associated with right auricular dila-
tion and broad, notched P-waves associated with left auricular di-
lation are the most common P-wave changes correlated with organic
heart disease. (11)

in his study of emotional influences on the electrocardio=
graph, Weiss (1956) described increased amplitude of the P-wave in
response to emotional stresses evoking responses of the sympathetic
nervous system, and attributed the peaked P-waves to increased con-
duction velocity in the atrial musculature. (31) Gardberg and
Rosen (1957) noted an increased amplitude of the P-wave in response
to exercise, ingestion of food, smoking, and hyperventilation, and
felt that the increased heart rate noted in each case may have been
a common etiologic factor. (9, 25)

Increased amplitude of the P-wave secondary to these factors
may suggest right auricular dilatation and confuse interpretation

in hearts where this effect is marked.
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The ORS Complex

The QRS complex of the electrocardiogram is recorded coin-
cident with the passage of the activation wave through the ventri-
cular myocardium and represents the potentials generated by the
depolarization process as they pass from the heart via the tissues
to the electrodes at the body surface and are recorded. Although
the individual instantaneous vectors contributing to the QRS com-
plex may vary markedly in normal hearts, the mean spatial AQRS vec-
tor shows relatively much less variation, being directed rightward
and anteriorly at birth and swinging gradually leftward and poster-
iorly as left ventricular predominance develops with age. (11) The
accepted limits of normal variation in the direction of the frontal
piane mean AGQRS vector in the adult are t 1109 and - 30°. (4)
Arbitrary right and left axis deviation exist beyond these limits.
The CRS complex rarely exceeds 0.08 second in duration in the nor-
mal heart, and does not show initial negative deflections, (O-waves,
greater than 0.03 second in duration. (4) In general, deviations
of the ORS complex from these criteria usually are assumed to indi-
cate organic heart discase. However, several exceptions to the
above criteria have been described in the absence of primary cardiac
disease.

In their description of the 'syndrome of the suspended heart'',

illustrated above under Inadequate History, Evans and Lloyd-Thomas
(1957) described *'abnormal* Q-waves in lzads Il and ill, and attri-

buted them to a more posterior orientation of the lead vector
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secondary to lung tissue inter posed between the heart and the
diaphragm. (7)

Penaloza and Echevarria (1957) studied the electrocardio-
grams of ten patients taken from sea level to an altitude of 15,000
feet for one year, and noted that the SAORS vector shifted markedly
to the right and posteriorly. Although they suspected the develop-
ment of incipient right ventricular hypertrophy later in the year,
they attributed the early shift to a "clockwise rotation around the
long axis of the heart, with backward rotation of the apex, deter-
mined by hyperventilation at high altitudes.' (21)

Grant (1957) described a condition *commonly seen in perfect-
ly normal young people’ in which the terminal RS vectors are di-
rected markedly rightward and superiorly with no prolongation of

the CRS interval in an '$;S syndrome.’" (4) The **abnormal"

253
direction of these terminal vectors may confuse interpretation of

an otherwise normal tracing, suggesting right ventricular hyper-
trophy.

Some electrocardiographers maintain that the anatomic modi -
fication of ventricular hypertrophy is more evident from the elec-
trocardiographic changes it causes than from any other clinical or
laboratory examination. (17) CRS complex criteria for the diagnosis
of ventricular hypertrophy may vary with individual electrocardio-
graphers, but usually do include a swing of the mean SAQRS axis

toward the ventricle predominantly involved, a variable increased

amplitude of CRS deflections, and a delay of the intrirsicoid

...29_



deflection with 2 variable increase in the total duration of the
ORS complex; a rotation of the RS-T vectors, tending toward 180°
opposition to the mean SAQRS axis, is usually included with the

CRS complex criteria. (4) It is not the purpose of this discussion
to debate the varying criteria for the diagnosis of ventricular
hypertrophy, but rather to point out the hazards of making the di-
agnosis by any of the above CRS criteria. Dimond (1954) emphasizes
that the rotation of the mean SAORS axis left and posteriorly in
left ventricular hypertrophy can also be caused by a 'high dia-
phragm with the heart in a horizontal postions' that. . . ''a tall,
thin man with a normal heart may have taller complexes at V5 than

a thick=chested man with considerable ventricular hypertrophy,!
casting doubt on the amplitude of the QRS complexes as an arbit-
rary criterion; and that ‘'‘tangential or tateral spread. . . of the
depolarization wave through the ventricular myocardium. . . may
obviate the supposed value of the intrinsicoid deflection.* (4)
Clearly, the diagnosis of ventricular hypertrophy from the electro-
cardiograph alone may be hazardous, especialiy where the changes
involved may be minimal.

Several primary cardiac conditions may present electrocardio-
graphic pictures similar to those of myocardial infarction. Although
most of these occur in individuals with pre-existing heart disease,
they are included here because an erroneous electrocardiographic
diagnosis of infarction is a serious mistake in any individual case.
Sodi-Pallares (1956) divided these errors into four groups, accord-

ing to the location of the infarct they suggested. (26)
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Anteroseptal infarction may be imitated by conditions re-
sulting in right auricular dilatation associated with gk or QR
patterns in the right precordial leads. Tricuspid stenosis or
regurgitation, chronic cor pulmonale, acute cor pulmonale, and
interatrial septal defect were implicated as causes of the right
auricular dilatation. Left bundle branch block with NS complexes
in the right precordial leads also may suggest anteroseptal in-
farction. (26)

Conditions causing left auricular dilatation may show CS
tracings in leads | and VL. and thus may mimic lateral infarcts of
the left ventricle. Mitral lesions are the primary offenders. (26)

Tracings erroneously suggesting inferoseptal infarction,
with C-waves in leads Il and VF, may be due to ''numerous normal
circumstances, notably those with a deep Q3 in the horizontal
hearts of obese people,’ and also to acute and chronic cor pulmon=
ale and Wolff-Parkinson-white syndrome of the B type. (13, 26)

Extensive anterior infarction may be suggested by tracings
showing QS complexes in leads | and VL, as well as in all the pre-
cordial leads, in patients with chronic cor pulmonale. These com~
piexes ''‘probably correspond to intracavitary potentials'' which ap-
pear in the leads mentioned as a result of marked descent of the
diaphragm with backward displacement of the apex, allowing ‘. . .
the electrode to explore the base of the heart and, therefore, its

cavities.' (26)
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The special electrocardiographic variations described above
inherently may be more susceptible to misdiagnosis of myocardial
infarction because many are taken from individuals with known car-
diac disease who may complain of chest pain and other suggestive
symptoms. The hazards in the diagnosis of myocardial infarction
from isolated QRS complex changes are clear from these examples.
However, Sodi-Pallares points out that in each case careful attempts
fo correlate associated P-wave changes, RS-T interval alterations,
and the clinical history with the (0RS abnormalities should reveal
their true origin. (26)

Apparent low voltage of the QRS complexes may suggest myo-
cardial disease where none exists. Lipman (1956) emphasizes that
an excessively thick or obese chest wall, or a decrease in the con-
ductivity of the tissues around the heart due to emphysema or to
pleural or pericardial effusion, may cause low voltage tracings in
the absence of primary heart disease. (18)

Wasserman, and others (1956) veported electrocardiographic
observations from twelve patients with cerebrovascular accidents.
In several of these tracings “electriéal systoie., ., . occupied the
entire interval up to the initiation of the next succeeding atrial
impulse.’” These ''CRS changes' were associated with marked prolonga-
tions of the 5-T interval and deep and wide T-wave inversions. No
primary myocardial disease was demonstrated, and they felt that
“indirect effects of the profound disturbances which involved di-

rectly or indirectly various portions of the brain involving the
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cardiac centers'' may have caused the changes. (30)

Although the majority of alterations of the QRS complex
beyond the empirical limits of electrical normality probably do
represent primary myocardial disease, the CRS complex changes des-
cribed above, in each case suggesting myocardial abnormalities
that did not exist, show that apparent abnormalities of ventricular
depolarization may have several sources, and certainly all do not

represent specific types of organic heart disease.

The RS-T Phenomena

The RS-T interval is measured from the end of the QRS complex
to the end of the T-wave, and represents the duration of the depol-
arized state plus the duration of repolarization. (3) The early and
late T-vectors normally differ & 10° in direction, and the normal
position of the mean spatial T-wave is related to the position of
the mean spatial QRS so that the GRS-T angle seldom exceeds 45° in
the frontal plane or 60° in the anterior-posterior plane in the nor-
mai adult heart. (11) Although the T-waves normally may vary with
the position of the QRS, Burch (1955) states that '‘a negative T-wave
in lead |, for all practical purpbses, is definite evidence of myo-
cardial disease,' as is deviation of the S-T segment from the base
line “more than plus or minus one millimeter in the standard leads.' (3)

Myocerdial infarction, pericarditis, trauma, ventricular hyper-
trophy, or exercise in patients with coronary disease cause recognized
pathologic RS-T abnormalities, frequently associated with character-

istic QRS complex alterations. (2, &4, 11, 26)

..33..



The effects of several non-pathologic and/or extracardiac
factors implicated in RS-T changes are less well defined, and many
authors have emphasized the similarity of these innocuous RS$-T changes
to those caused by true myocardial or coronary artery disease. (2, 4,
6, 3, 9, 14, 17, 19, 21, 23, 24, 25, 28) These factors include
changes in heart rate, (, 25), exercise (9, 25), eating of food (9, 25),
smoking (9, 25), changes in the respiratory position (9, 10, 23, 25),
use of digitalis (2, 4, 11, 26, and others), hiatus hernia and gall
bladder disease (2), cerebrovascular accidents (30), chronic anoxia
(high altitudes) (12), emotions (22), electrolyte disturbances and
use of mineralocorticoids (5, 12), diabetes mellitus (16), surgical
sepsis (22), drinking iced water (4, 26), Wolff-Parkinson-white syn-
drome (13), persistence of the 'juvenile T' pattern (4), influence
of the T-a wave (4, 9), and normal S$-T segment elevations in young
people (2, &, 11, 26). Attempts to establish empirical criteria
which will differentiate the RS-T changes due to myocardial disease
from those due to various extracardiac factors have reached no really
satisfactory answer. (17)

Since electrocardiograms frequently are taken under uncontrol~
led conditions and interpreted without regard to, or knowledge of,
the possible effects of many of these extracardiac factors, they
constitute an obvious and potentially tragic source of electro-
cardiographic misdiagnosis. Fischbach (1956) feels that interpreta-

tion of recent myocardial injury, damage, or infarction on the basis of
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minor fluctuations in the T-waves caused by extracardiac factors
is ‘iprobably the most frequent source of error in electrocardio~
graphic interpretation.’ (8)

Even experienced cardiologists cen not agree whether several
of the above factors truly do influence the electrocardiograph or
not. Bloom and Gubbay (1957) studied 15 patients with hiatus hernia
under fluoroscopic observation in the left lateral position during
a barium swallow with simultaneous recording of leads |, VF, V6' and
Vg . They demonstrated the hernia fluoroscopically in 11 of the 15
patients, but could demonstrate none of the T-wave changes attributed
to hiatus hernia by many other authors; nor were they able to elicit
any vagal effects that ''could be ascribed to reflex or mechanical
effects arising in the hernia," as judged by observation of the
heart rate, rhythm, and measurement of the P-wave and P-R intervals. (2)

Similarly, Kalliomaki and others (1956) studied the electro-
cardiograms of a large number of diabetics in varying states of con-
trol, but with 'clinically normal hearts,'” and failed to corroborate
inverted T-waves and depressed S$-T segments described in several pre-
vious studies, concluding that '‘diabetes mellitus in cases of pure
metabolic disease without late diabetic vascular complications exerts
very little or no influence upon the standard electrocardiogram;
nei ther does mild diabetic acidosis.' (16)

Gardberg and Rosen (1957) felt that the empirical criterias
for normal behavior of the RS-T vectors were inadequate and too fre-

quently erroneous, so they undertook a ‘controlied study. .
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of the more common nonpathologic factors. . . operative in everyday
life. . . 1) exercise, 2) the taking of food, 3) combinations of

1 and 2, 4) smoking, 5) change in posture, and 6) changes in the
respiratory level,' believing that only a ''fundamentally physio-
logic approach to the study of the recovery (T) potentials'' could
furnish ultimately satisfactory criteria to correlate the confusion
of empirical data. (9) They recorded electrocardiograms in the ly-
ing and sitting positions from "‘normal young men and women (18 to
30 years of age)” in the ''fasting (state), after 20 deep knee bends
and every three minutes for fifteen minutes, after breakfast and
every fifteen minutes for one hour, after a repetition of the exer-
cise, and after smoking one cigarette.” (9)

They observed that all of the above factors caused qualita=
tively similar effects. The mean SAT swung either to the left or
right or remained unchanged, and usually diminished in magnitude.

In general, the T-waves and RS-T segment tended opposite to the main
deflection of the QRS, showing flat T-waves in leads 1, Vu, VS’ and
V6, with occasional inversion; RS~T segment shifts were common, with
alterations greater than one millimeter "‘not rare.'" The magnitude
of RS-T shifts was proportional to the amplitude of the main defiec-
tion of the CRS complex and to the increase in heart rate. Although
occasionally they observed RS-T changes with no increase in heart
rate after a meal, the ingestion of food usually did cause an in-

creased heart rate, and they felt this may have been the etiologic

common denominator in the observed changes. (9) Further, they
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concluded that the nonpathologic factors they studied, and/or the
increased heart rate secondary to these factors, caused the RS-T
alterations by a primary diminution of the ventricular gradient,
which Wilson originally described as the net electrical effect of
differences in the rates of repolarization in the various regions
of the ventricles. (26)

Since repolarization requires much more time than depolariza-
tion, most of the areas of the myocardium are undergoing repolariza-
tion simultaneously, except at the very beginning and end of the
process; thus, many of the instantaneous dipoles throughout the myo-
cardium cancel each other electrically during repolarization, and
the net effect equals the "algebraic sum of the dipole effects of
the endocardial and epicardial surfaces.® (26) These surface ef-
fects may be represented by two electrically opposed monophasic
curves illustrating depolarization and repolarization at the endo-
cardium and epicardium (Fig. 4). |If depolarization and repolariza-
tion occurred at a uniform rate at both the endocardial and epicar-
dial surfaces (Fig. 4a), the T-wave (repolarization) would be equal
in area and opposite in polarity to the QRS complex (depolarization),
However, in the human heart, the T-wave normally records as a de-
flection in the same direction (polarity) as the QRS complex and of
a somewhat different area (magnitude) than the ORS complex. The
simplest explanation for this phenomenon is that repolarization oc~
curs more rapidly at the epicardium than at the endocardium for

reasons explained only by theory (Fig. 4b).
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rotated Eeart, to the left in a counterclockwise-rotated heart,
and should appear smaller but should not change its direction in a
non-rotated heart. This postulate also agreed with their electro-
cardiographic observations of the effects on repolarization of the
nonpathologic factors they studied, and explained the apparently
random T-wave deviations described above. (26)

From this observation and reasoning, Gardberg and Rosen (1957)
concluded that any of the nonpathologic factors which they studied
could cause ""RS-T segment shifts and T-wave inversions, . . in al-
most any lead of the electrocardiogram of normal persons' as a re-
sult of a primary diminution of the ventricular gradient, and that
accurate "'interpretation of the effects of these factors without
the concept of the ventricular gradient. . . (would be). . . impos-
sible.t (26)

£lthough this concept of the ventricular gradient indeed may
explain, in time, some of the RS-T changes associated with other
poorly understood extracardiac influences on the electrocardiogram,
the greatest security in the evaluation of isolated RS-T deviations
probebly still lies in the admonition of Kossman (1956) to ''differ-
entiate these. . . by recourse to. . . a careful history. . . a

thorough physical examination, and (adequate) laboratory survey.

(17)
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The Intervals

The P-R interval and the 0-T interval concern the clinical
electrocardiographer most. The P-R interval begins with the P-wave
and extends to the first deflection of the CRS complex, representing
the time excitation requires to depolarize the atria, the A-V node,
the bundle of His, and the first portion of the left bundle branch
to the musculature of the interventricular septum; empirically, most
healthy hearts show P-R intervals of 0.1C to 0.12 second in child-
hood, 0.12 to 0.16 second in adolescents, and O.14 to 0.22 second in
the adult. (11) The 0-T interval begins with the first deflection of
the CRS complex and extends to the last cbserved deflection of the
T-wave; healthy hearts show an individual (-7 interval variation with
the heart rate, but empirically the Q-T interval exceeds 0.38 second
only at rates less than 60 beats per minute in the normal heart. (i11)

Grant (1957) states that ''the commonest A-V arrhythmia is pro-
longation of the P-R interval.' (11) Both organic cardiac pathology
and reversible, extracardiac metabolic and neurogenic factors may
cause this first degree heart block. Of the common organic cardiac
causes, toxic myocarditis, and especially the myocarditis of rheuma-
tic fever, is the most frequent cause of an increased P-R interval
in young people; however, the degree of lengthening of the P-R in~
terval does not correlate with the severity of the myocarditis in
rheumatic fever. (11) In the older age groups, arteriosclerotic
heart disease compromising the circulation to the septal musculature

in the area of the conduction tissue frequentily impairs A~V
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conduction and prolongs the P-R interval. (11, 26) Myocardial in-
farction adjacent to the area of the A-V conduction tissue also may
cause a prolonged P-R interval, or may predispose to the Wenckebach
period, a progressive increase in the P-R interval followed by a
dropped beat and repetition of the cycle which also is seen occas-
ionally with rheumatic myocarditis. (11)

In view of the known pathologic implications of retarded A-V
conduction, the extracardiac metabolic and neurogenic factors that
increase the P-R interval may suggest even more strongly organic
cardiac disease where none exists, because they occur most frequent-
ly in the chronically ill, the debilitated, and those with other
pre-existing cardiac disease. (1, 11, 26, 27)

Experimentally, Hall and others (i955) produced first degree
heart block in rabbits by administering large amounts of desoxycor-
ticosterone acetate, a mineralocorticoid, both with and without
saline, and found that the block was reversed by cortisone, a gluco-
corticoid, via an obscure mechanism. This effect as yet has not
been described in human hearts. (12)

However, metabolic electrolyte disturbances in humans fre-
quently do affect A-V conduction. The electrocardiogram of the
patient with chronic renal disease, progressive uremia, and potas-
sium retention may show a prolonged P-R interval, associated with
characteristic QRS-T effects, that progresses to complete A=V biock
as the hyperkalemia which eventually produces cardiac asystole and

death develops. (26) Conversely, hypokaiemia due to diuretic
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therapy with potassium-excreting agents &lso may predispose the
heart to A-V dissociation. (11)

Emotional disturbances and other neurogenic factors also may
exert a similar, but indirect, depressant effect on the A-V conduc-
tion tissue through an increased vagal tone. Weiss (1956) described
a prolonged P-R interval in response to emotional stimulation of the
parasympathetic autonomic system in otherwise clinically normal adults
and children. (31) Benedict and Evans (1952) reported several cases
of second-degree heart block with the Wenckebach pnenomenon in other-
wise normal young men; anxiety associated with draft examinations,
autonomic imbalance, or emotional instability precipitated the blocks
and marked sweats, nausea, syncope, and dizziness accompanied them. (1)
Clearly, an observed A-V block associated with such distressing
symptoms might be interpreted as organic heart disease, erroneously.

0f the pharmacologic agents which may affect A-V conduction,
the digitalis derivatives rank by themselves; the progressively pro-
longed P-R interval, accompanied by a shortened Q-T interval, cupped
RS$-T segment, and lowered T-wave, usually identifies digitalis clear-
ly on the electrocardiogram. (11) However, overdosage with digital-
is also may cause the Wenckebach phenomenon mentioned above; and oc=
casionally the changes seen with digitalis may resemble very closely
those due to primary myocardial disease, especially coronary sclero-
sis or occlusion, causing diagnostic confusion and/or error. (26)

‘The Wolff-Parkinson-White syndrome, with its diagnostic delta-

wave, causes the only pathologically shortened P-R interval that oc-
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curs with any frequency (13); thus, exercise (3), eating of food (9),
smoking (9), change in the respiratory level (9), and other extra-
cardiac factors associated with an increased heart rate and shortened
P-R interval seldom confuse evaluation of the electrocardiogram,

Changes in the duration of electrical ventricular systole,
the ©-T interval of the electrocardiogram, may follow either the de-
velopment of primary myocardial disease or the effects of several
extracardiac factors.

Sodi-Pallares (1956) described several pathologic entities
that characteristically may prolong the Q-T interval: 1) mechanisms
that overload either ventricle and/or increase the intraventricular
pressure, such as hypertension, acute cor pulmonale, aortic insuffi-
ciency or stenosis, pulmonary stenosis, and A-V block; 2) myocardial
anoxia, as in the ischemic stage of myocardial infarction, or myo-
cardiatl inflammation, as in rheumatic fever, diphtheria, pneumonia,
and scarlet fever; 3) the ventricular hypertrophies and bundle branch
blocks; 4) pellegra and/or beri-beri heart disease; and 5) heart
failure (myocardial decompensation), all causing other characteristic
electrocardiographic changes associated with the increased Q-T in-
terval. (26)

Several extracardiac factors that are reversible clinically
also may increase the C-T interval: 1) nypokalemia, classically
showing an associated negative RS-T segment shift resembling sub-
endocardial injury; 2) hypocalcemia, with its characteristically

prolonged RS-T segment and normal T-wave configuration; 3) hypothy-
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roidism with myxedema, also classically associated with a slow rate,
low QRS voltage, and low or flat T-waves; 4) quinidine toxicity,

with associated characteristic RS-T changes suggesting subendocardial
injury; and 5) barbiturate toxicity. (5, 11, 12, 26)

Clearly, evaluation of electrocardiographic interval changes
caused by the reverSible metabolic and toxic factors above, without
adequate clinical information about the nutritional, electrolyte,
and acid-base balances of the patient, may suggest erroneously that
organic cardiac pathology has caused the changes when no intrinsic

heart disease exists at all.

The Pressure for Diagnosis

Several authors have emphasized that the electrocardiographer
should comment only on the specific electrophysiological data the
tracing shows to avoid overenthusiastic and frequently erroneous cor-
relation of the electrical phenomena with proposed anatomic cardiac
pathology that may not exist. (6, 8, 15, 17, 18, 22) Especially
tenuous empiricism bridges the interpretive hiatus between the elec-
trical record and its anatomic correlation with several of the dis-
eases affecting myocardial repolarization, as described above., Yet,
in spite of the calculated risk, frequently the clinician pressures
the interpreter to venture across that gap and reach a clinical or
anatomical interpretation of the electrocardiogram that may save
time in cardiac *'diagnosis' by giving a '‘push-button' evaluation
for the busy physician and thus justifying the cost of the tracing.

(18)
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The diagnosis of right ventricular hypertrophy while the nor-
mal right ventricular predominance of infancy prevails can be one of
these calculated risks, because the normal finding here differs from
the abnormal finding only in degree. (11) Empirically, an R/S ratio
in V| greater than one after the age of four months, or an initial
R deflection in V] greater than 20 millimeters at any age have been
considered valid criteria for the diagncsis; however, merely the wide
range of normal variation observed in the amplitude of the precordial
deflections, reflecting changes of body build or of electrode place-
ment, should obligate the interpreter to use extreme caution in
making this diagnosis by any such empirical criteria. (11, 18)

The diagnosis of biventricular hypertrophy likewise lacks the
confidence of many cardiologists, and remains controversial. Lipman
(1957) terms biventricular hypertrophy a “'twilight! (borderline) in-
terpretation (18), and Grant (1357) questions its validity both be-
cause he feels that the free right ventricle always enlarges and
thickens somewhat as the septum hypertrophies with the left ventricle,
and because he believes that the RS forces from even marked right
ventricular hypertrophy probably could not affect the QRS forces of
marked left ventricular hypertrophy significantly, since the very
thickest right ventricle never attains even the thickness of the
normal left ventricular wall. (11)

The possible hazards and consequences of pressure toward over-
diagnosis in differentiating benign, atypical chest pain with innocu-

ous RS-T changes from those due to coronary disease, together with
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the ambiguities inherent in the interpretation of incipient ventri-
cular hypertrophy, have been discussed above under The RS-T Segment
and The (RS Complex, respectively.

The electrocardiographer may create still another anxious
cardiac invalid if he overemphasizes a meaningless arrhythmia which
may have no true clinical or pathologic significance, as in the usual
patient with paroxysmal atrial tachycardia recurring at long intervals.
(18)

Johnson (1957) concedes that the ‘‘physician. . . who expects

the electrocardiograph. . . to write out the correct diagnosis

. . in all patients. . . may become a danger to his community .
(through) patients. . . wrongly condemned to the life of cardiac
cripples. . .', and points out ", . . how a basically accurate and

reliable technic may go astray.' (15) With complete accord, Lipman
(1956) deplores misuse of the electrocardiogram for etiologic diag-
nosis, for prognosis, or to ‘‘check the cardiac status' of the patient
hastily prior to surgery, emphasizing with Fischbach {1956) that no
direct correlation of any sort exists beitween the activation currents
of electrical systole and the contractile strength of muscular sys-
tole. (8, 13)

The lesson is clear. . . *'The more one learns about the funda-
mentals of electrocardiography the more conservative he becomes in

the interpretation of tracings. . .' (Frank N. Wilson) (18)
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SUMMARY AND CONCLUSIONS

An abnormal electrocardiogram is not a disease. The electro-
cardiograph records only the electrophysiologic manifestations of
cardiac action, and can never measure directly the structural anat-
omy of the heart or the dynamics of cardiac contraction.

The clinical reliability of the electrocardiogram varies di=-
rectly with the degree of correlation the interpreter may achieve
between the electrical behavior of the heart and its functional para-
meters; this correlation will be less than perfect because it must
rely on variable human techniques and a basic understanding of car-
diac electrophysiology that also is less than perfect.

In its contribution to the total evaluation of the heart,
the final interpretation of the electrocardiogram may err to a de-
gree which varies directly with three factors that control both its
final form and clinical significance:

1. Technology: a precisely accurate record requires a

finely sensitive machine.

The manufacturers of modern clinical electrocardio-
graphs have minimized mechanical error beyond the limits
of clinical significance, when the machines function pro-
perly; however, the manufacturers can not control errors
in the finished tracing due tc wear and poor care of the
machines.

2. Technique: wuniformity of performance is the essence of
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every ultimately reliable interpretive criterion; yet the
most precise machine can perform only as consistently as
the hand that gquides it.

Lack of uniformity, and technically unsatisfactory

records, result from: (a) improper preparation of the
patient; (b) improper preparation of the machine; (c) im-
proper placing of the electrodes; (d) improper editing,
mounting, or labeling of the finished electrocardiogram;
(e) improper lead length; (f) an inadequate number of
tracings; and (g) an inadequate clinical history accom-
panying the tracing.
Human Decision. The correlation of any cardiac disease
with its manifest electrical behavior relies absolutely
on the specific knowledge available and the clinical in-
sight applied; the human element in both is fallible.

Because the cardiac activation wave passes through
the normal heart quite rapidly and follows the anatomically
defined conduction tissue rather closely, deviations from
established criteria for normality of the QRS complex
usually do represent alterations of the depolarization
wave by organic cardiac lesions; however, confusing ex-
ceptions may follow changes in cardiac orientation with-
in the thorax.

In contrast, many deviations from established cri-

teria for normality of the RS-T phenomena may confuse
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the electrocardiographer, because numerous neurogenic,
anatomic, biochemical, and pharmacologic factors that
influence cardiac position and/or physiology may alter
the relatively slow, diffuse metabolic repair of myo-
cardial membrane potentials (repolarization) that the
electrocardiograph records during the RS-T interval.
The electrocardiographer also may overinterpret
tracings in response to pressure from busy clinicians
who ask for evaluations of the patency of the coronary
arteries, the status of the cardiac valves, or the
thickness of the ventricular myocardium. 1{nevitably,
misdiagnosis of heart disease, with all its consequences,

must result from this practice.

Until medical science can describe and understand completely

the electrophysiologic behavior of the human heart, clinically nor-

mal hearts occasionally will behave beyond the best known criteria

of electrical normality, and will appear pathologic. That these

hearts can mislead even the most competent electrocardiographers,

and thereby suggest misdiagnoses to the clinician, is clear.

Thus, the physician may avoid electrocardiographic diagnosis

of heart disease where none exists anatomically only by 1) acquiring

a sound knowledge of the electrical phenomena of the heart and their

relation to the electrocardiogram, 2) deliberately avoiding all

pressure to interpret tracings more specifically than the electrical
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information clearly warrants, and 3) considering the clinical
signs and symptoms of the patient in the interpretation of every

electrocardiogram.
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