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Summary

Routine exercise electrocardiography has been criticized for yielding too many so-called ** false-
positive ”’ results. Recent studies in our institution indicate that evaluation of the time course behavior
of ST segment and T wave (ST/T) changes after cessation of exercise differentiates ischemic from
non-ischemic (‘“ false-positive ’’) stress electrocardiograms (SEs). Our method of assessing time course
behavior is clarified. The principal aim of this study was to determine the accuracy of experienced
observers in making this differentiation. Records of consecutive patients undergoing coronary arterio-
graphy over a 2 year period were reviewed and 30 with SEs judged positive for ischemia by the widely
accepted ST/T configurational criteria alone were selected at random for the investigation. Sixteen sub-
jects had normal coronary angiograms and had therefore previously been regarded as having false-
positive SEs. Fourteen patients had at least one significantly (>>70%,) stenosed coronary artery which

Department of Cardiology, University of the Witwa-
tersrand, and the Johannesburg Hospital, Johanne-
sburg; and *the Institute of Aviation Medicine, Pre-
toria

Address for reprints: J.B. Barlow, M.D., F.R.C.P.,
Department of Cardiology, University of the Witwa-
tersrand, York Road, Parktown 2193, South Africa

Presented in part in a lecture delivered by J.B. Barlow at the University of Tokyo, July 23, 1990
Received for publication September 4, 1991; accepted September 7, 1991 (Ref. No. E-91-3)

— 565 —



BARLOW, BARLOW, SOICHER, et al.

was our yardstick for ruling that true myocardial ischemia, due to epicardial coronary artery disease
(CAD), was present. Five observers, familiar with post-exercise ST/T time course patterns, inde-
pendently and ‘“ blindly ” analyzed all 30 configurationally abnormal SEs. Observers were informed
only of the patient’s age and sex; they were thus unaware of symptoms, exercise variables, coronary
anatomy and the number of patients in the 2 groups. The observer consensus for ischemia of SEs
using time course analysis was: total test accuracy 87%,, sensitivity 79%,, specificity 94%,, positive pre-
dictive value 929, and negative predictive value 83%,. Because all 30 patients had ST/T abnormalities,
results of the sample for ischemia based on configurational criteria alone were sensitivity 100%,, speci-
ficity 0% and positive predictive value 47%,. We concluded that time course analysis plays a crucial role
in evaluating SEs and that exercise electrocardiography remains a safe, cost-effective and reliable method

of screening many asymptomatic, as well as symptomatic, subjects for CAD.
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Introduction

Exercise stress testing is a safe, non-invasive
and easy investigation to perform!?. It is
important in the evaluation of chest pain3-9,
arrhythmias®~®, effort tolerance, and in the
detection of ischemia post-infarction®?. It also
contributes to the choice of therapeutic modality
and the benefit derived from such therapy.
Many exercise variables, in addition to the elec-
trocardiographic changes, are of importance in
analyzing stress tests%»®. These include dura-
tion and amount of exercise completed, blood
pressure and heart rate response, and develop-
ment of symptoms!®%!?, More complicated ST
segment/heart rate relationships!>!® and com-
puter derived treadmill scores!¥ have been
developed to improve stress test accuracy. Ra-
dionuclide testing!51®, exercise echocardiogra-
phy'”1® and pharmacological techniques!®~22
may also improve the evaluation of stress testing
but increase the cost and complicate the inves-
tigation.

In the contemporary clinical setting, evalua-
tion of the patient’s exercise variables and the
ST segment and T wave (ST/T) electrocardio-
graphic changes are the primary markers used
to assess whether a stress test indicates ischemia
or not?. Exercise variables may often be unre-
markable, in which case the configuration and
extent of the ST/T changes have generally de-
termined whether or not the stress electrocar-

diogram (SE) is evaluated as ischemic!,2:9,

A number of coronary angiographic studies in
patients developing ST segment depression fol-
lowing stress testing have suggested that this
test has a poor positive predictive value for dem-
onstrating coronary artery disease (CAD)%,23~28),
Moreover, Bayesian analysis indicates that a
limited test accuracy is likely when standard
electrocardiographic criteria are applied?”. In an
attempt to improve the accuracy of the exercise
stress test, analysis of the time course behavior
of abnormal ST/T configurational changes after
cessation of exercise?®:29 has received our atten-
tion’3030, We have delineated the various non-
ischemic time course behavior patterns and con-
trasted them to the importantly different and
less complex ischemic responses. Our ongoing

" experience has confirmed that by applying time

course analysis, the sensitivity for diagnosing
ischemia improves30:80

The principal aim of this study was to evaluate
how accurately ‘‘ blinded ” observers, familiar
with the analysis of post-exercise abnormal
ST/T time course patterns, could differentiate
ischemic from non-ischemic ‘‘false-positive *’
SEs. All SEs studied had previously been
judged positive for ischemia on generally ac-
cepted ST/T configurational changes®. We em-
phasize that, throughout this study, we equate
and correlate the terms ‘‘ ischemia > and ‘‘ non-
ischemia *’ (false-positive) with the presence or
absence of epicardial coronary artery disease as
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Fig. 1. Graphic representation of mild (onset about 2 min after exercise, offset about 8 min
after exercise—upper curved line) and severe (lower curved line) ischemic ST/T time course
behavior patterns.

In this and subsequent illustrations, the extent of ST/T configurational changes at rest, during
and after exercise, are demonstrated by the vertical distances at relevant times of the curved lines
below the baseline marked “ O’ and reflecting normal ST/T. The lower ECG recording shows
lead V; from the stress ECG of a 54-year-old man with severe myocardial ischemia (triple vessel
disease on coronary arteriography) and should thus be correlated with the lower curved line. At rest
the tracing is marginally abnormal. Immediately post-exercise, the ST segment is very depressed and
nearly horizontal (early onset). The ST/T are worse at one min because the ST is horizontal. From
3-7 min after exercise, although the ST segment is less depressed, especially at 7 min, the ST/T
changes are assessed as most severe because the ST segments are downsloping (see text). At 10 min,
the ST/T remain slightly more abnormal than at rest (late offset). The upper ECG tracing (mild)
reflects the stress test of a 46-year-old woman with an 809% stenosis of her circumflex coronary
artery and should be correlated with the upper curved line (mild). The ST segment is normal at rest,
depressed but still upsloping, immediately and one min post-exercise. The ST segment is horizontal
and definitely abnormal at 2 min (late onset) and the ST/T return to normal at 8 min (early offset)
after effort. The ST changes are judged worst for ischemia at 4 and 6 min post-exercise because,
albeit not depressed, they are downsloping. The T waves are biphasic but remain predominantly up-
right. Maximal heart rates (Max HR) shown in this and subsequent stress test examples were usually
recorded immediately after exercise.

demonstrated on selective coronary angiography.
We do not address nor do we attempt to exclude
the possibility that the ST/T abnormalities
with a non-ischemic time course pattern may in
some instances reflect true myocardial ischemia
resulting from abnormal function of the coronary
microvasculature®®—a somewhat ill-defined en-

tity variously called Syndrome X3 and micro-
vascular angina3. Prior to elucidating the meth-
odology, it is relevant to clarify time course
analysis and the various time course patterns.

Description of time course patterns
Time course analysis depends essentially? on
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Fig. 2. Schematic representation (as described in Fig. 1) of Types I and II non-ischemic

time course patterns.

Examples of Vy from stress ECGs of 3 patients with these non-ischemic time courses are demon-
strated. Type I remains normal or is only mildly abnormal until the 3 to 10 min post-exercise period.
Type 11 improves one (see ECG IIB) to 3 (see ECG IIA) min after exercise but may later deteriorate
again (IIB). The late onset, late offset of the Type I patient and the early onset, early offset of the 2
Type 11 SEs differ dramatically from ischemic time course. Predictably, coronary arteriography was

normal in all cases.

a comparative evaluation of the ST/T configura-
tions before exercise with those ST/T changes
that may supervene or become more abnormal
during the 10 min post-exercise period (Fig. 1).
Although observations during exercise on ST/T
are now widely practised with treadmill stress
testing, assessment of time course behavior pat-
terns relates solely to the post-exercise phase.
When the ST/T changes occur during exercise,
these are invariably recorded unaltered in the
immediate post-exercise tracing. The ST/ T con-
figurational alterations are evaluated on the as-
sumption that if they reflect ischemia at a spe-
cific time, the appearances should be graded in

accordance with the electrocardiographic severi-
ty of the ischemia. Thus an upsloping ST seg-
ment occurring immediately after exercise re-
flects, if ischemic at all, relatively mild ischemia
whereas a horizontal ST segment, especially
when depressed below the isoelectric line, would
indicate more advanced ischemia. A downslop-
ing ST segment, which is often associated with
a partially or completely inverted T wave, re-
flects greater ‘ ECG ischemia ”’ even if there is
no or less ST segment depression than when the
ST segment was horizontal (Fig. 1). The fact
that the ECG evidence of verified myocardial
ischemia does not always correlate with the ex-
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Fig. 3. Schematic representation (as described in Fig. 1) of Types III and IV non-ischemic

time course patterns.

ECGs are, by definition, *abnormal’’ at rest. Examples from stress ECGs of patients with
Types I1I and IVB are shown below. Lead aVF of the Type IVB patient improves at 2 min post-
exercise but deteriorates again at 4 and 5 min (see text). Selective coronary arteriography in both

patients was normal.

tent of anatomical CAD%22 is not pertinent to
the assessment of time course behavior patterns.

Evaluated in this manner, the SE time course
patterns of the ST/T changes that denote true
myocardial ischemia are late onset, early offset
when the ECG evidence of ischemia is mild and
early onset, late offset when it is severe (Fig. 1).
Most cardiologists are aware that early onset
ST/T changes occurring soon after starting
exercise, and thus prominent in the immediate
post-exercise recording, persist for at least
8 min into the recovery phase and reflect
severe ischemia®!¥. Relatively mild ischemic
ST/T changes, on the other hand, whether due
to modest coronary artery stenosis, inadequate
exercise completed or stress testing undertaken
during therapy with a g-receptor blocking agent,
may only appear in the recovery phase and do
not last as long (Fig. 1). Non-ischemic time
course patterns are more variable but impor-

tantly different. Other workers have also ob-
served28:29,35,3 that the ST/T time course inter-
pretation is contributory in analyzing SEs but
the 4 different types, arbitrarily labelled I-1V,
were delineated?, practised®®3” and slightly
modified®? in our laboratories. Patients with
normal resting ECGs would belong to Type I
or II (Fig. 2), whereas those having the ST/T
changes at rest would be classified as Type III
or IV (Fig. 3).

Non-ischemic time course patterns may seem
complex but there are, in fact, only 2 principal
non-ischemic responses during the 10 min re-
covery phase. Types Il and IV changes are
early in onset and early in offset. The ST/T
abnormalities are thus worst during and, most
importantly re time course analysis, immediately
after exercise (i.e., early onset), improve one to
3 min after exercise (i.e., early offset) but in
both Types II (Fig. 2) and IV (Fig. 3) the
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Fig. 4. Resting and post-exercise ECGs of a 53-year-old man (see patient 1, Table 4) who
showed a Type III non-ischemic pattern with normalization of inverted T waves imme-
diately after effort in standard lead 3 but an ischemic pattern in V;,.

He had typical angina with a billowing mitral leaflet clinically. Coronary arteriography showed sig-

nificant 2 vessel coronary artery disease.

ST/T may become more abnormal again during
the 4 to 10 min post-exercise period. Types I
(Fig. 2) and III (Fig. 3) have late onset, late
offset ST/T changes during the post-exercise
phase but Type III, which is abnormal at rest,
has the additional easily identifiable feature of
normalizing during and therefore also imme-
diately after effort (Figs. 3, 4).

Methods

Selection of stress electrocardiograms

Records of more than 2,000 consecutive pa-
tients undergoing coronary arteriography at our
institutions over a 2 year period ending De-
cember, 1988, were obtained by 2 * selectors ”’
(CWB and ERS). Following exclusion of pa-
tients with technically unacceptable SEs (e.g.
ST/T configuration distorted by artefact or
tracings not recorded for 10 min after cessation
of exercise), unstable angina?, previous myo-
cardial infarction, systemic hypertension (blood
pressure exceeding 150/100 mmHg), hemody-
namically important valve disease, Wolff-Parkin-
son-White (WPW) syndrome, complete right or

left bundle branch block as well as those pa-
tients on S-blocker, digitalis or diuretic therapy
at the time of the exercise test, the selectors
isolated 143 SEs which were positive for
ischemia on ST/T configurational criteria
alone. Cases of so-called ‘mitral valve pro-
lapse ’1,6:29.30 | provided associated mitral re-
gurgitation was minimal, were not excluded.
Configurational abnormalities comprised hori-
zontal or downsloping ST segment depression
at least one mm below the isoelectric line and
0.08 sec beyond the J point. Irrespective of
whether or not the previously attending clinician
had favored a diagnosis of CAD in these 143
patients, the apparently positive SEs had been a
principal indication for subsequent coronary
arteriography.

In order to test the accuracy of ‘‘ blinded ”
observers in assessing SEs positive for ischemia
on configurational criteria, 30 SEs randomly
chosen by the 2 selectors from the series of 143
were considered a sufficient number. The selec-
tors alone decided on the numbers that they
would include the 2 groups, true or *false ”’
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positive for ischemia, using significant arterio-
graphic CAD as the yardstick. Any combination
ranging from no true positives and 30 false posi-
tives to 30 true positives and no false positives
was therefore permissible. The selectors elected
to extract at random 16 patients with normal
coronary arteriograms and 14 with significant
CAD. Luminal narrowing in one or more coro-
nary arteries of >709%, was judged significant
whereas luminal narrowing <209, was deemed
normal. No patients with >20% but <709%
stenosis were included because the presence of
true myocardial ischemia would have been un-
certain in such instances.

The stress test

Exercise testing was performed on a treadmill
using the standard Bruce protocol. A 12-lead
electrocardiogram was recorded in the supine
position prior to commencement of exercise.
During exercise 3 leads, usually II, V; and V;,
were monitored continuously and recorded in-
termittently. Maximum heart rate was sought
as the end point but exercise was sometimes
terminated according to standard indications,
such as breathlessness, fatigue, severe chest pain
or marked ST segment depression. Twelve-lead
ECGs were recorded in the supine position
immediately and at 2 min intervals, or even
more frequently, until 10 min after exercise or
longer if the ST/T configurational changes had
not yet returned to the resting state. None of the
patients selected for the study received nitrate
therapy during or after stress testing in order to
avoid possible interference with time course be-
havior patterns.

The observer panel

Five observers, all familiar with the analysis
of time course patterns, assessed the 30 SEs
selected. The observers made their evaluations
without consultation and were not only unaware
of the relative number of true and ‘‘ false "’ posi-
tives in the sample but were also blinded to all
clinical details except the age and sex of the
patients. Although the precise number in each
group had been predetermined by the 2 *“ selec-
tors ’ prior to random selection from the series
of 143 SEs, the patients were coincidentally

Stress electrocardiography and ST/T time

Table 1. Clinical and morphological data of
the 30 patients whose SEs were ran-
domly chosen from the series isolated

“ False- True
positive”  positive
group group
Number of patients 16 14
Male : female 12:4 11:3
Average age (years) 50.4 53.5
Symptoms
Typical angina 4 11
Atypical chest pain 10 2
Asymptomatic 2 1
Coronary arteriography*
Normal coronaries 16 0
Single vessel CAD 0 10
Two or more vessel CAD 0 4

* CAD (coronary artery disease) was considered
significant if there was >70% narrowing of a coro-
nary artery.

closely matched for age and sex distribution
(Table 1). The patients with CAD had, not
surprisingly, had a higher incidence of typical
anginal symptoms. The observers were required
to differentiate the ischemic from the non-
ischemic SEs based solely on time course analy-
sis of the ST/T changes. The time course
pattern was classified (i.e., Types I, II, IIT or
IV) in all non-ischemic cases. The majority
opinion (i.e., that of at least 3 observers) was
taken as consensus when observers disagreed.
When all the observers’ written opinions were
available, results were analyzed by the 2 selec-
tors. A 6th investigator (JBB), not included on
the panel because he had first delineated time
course patterns and from whom all informa-
tion except age and sex of the patients was also
withheld, independently reported on some of
the SEs and later, with the selectors, reviewed
discordant findings of the observer panel.

Results
Nine of the patients in the ‘‘ false-positive ”’
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Table 2. Non-ischemic time course patterns in
patients with normal coronary arteries

Type 1 5
Type 11 5
Type 111 4
Type IV 2
Total number 16

Table 3. Results of observers in predicting

ischemia
Observer
consensus
(%)
Test accuracy 87
Sensitivity 79
Specificity 94
Positive predictive value 92
Negative predictive value 83

group had late onset, late offset (T'ypes I and I1I)
patterns while 7 had early onset, early offset
(Types II and IV) time course behavior (Table
2). The consensus results are summarized in
Table 3. Observer consensus correctly diag-
nosed 26 of the 30 SEs to achieve a total test
accuracy of 879%,. Eleven of the 14 patients with
significant CAD were correctly assessed, result-
ing in a sensitivity of 799, for ischemija. This
comprised 8 of 10 patients with single vessel
CAD and 3 of 4 with multiple vessel CAD.
Fifteen of 16 patients with non-ischemic time
courses were correctly evaluated, thus attaining
a 949, specificity in excluding ischemia. There
was complete consensus as to the particular
non-ischemic time course pattern involved in
these 15 instances.

Clinical, electrocardiographic and arterio-
graphic findings of the 4 patients in whom the
observer consensus was apparently incorrect
and the proposed reasons for error are shown in
Table 4.

Discussion
A prevalent challenge to the clinician in daily

practice is evaluation for the presence of CAD.
While it is generally accepted®® that SEs con-
tribute meaningfully to the diagnosis and prog-
nostic assessment of CAD in symptomatic pa-
tients, their poor predictive value for demon-
strable CAD in asymptomatic and low risk
subjects has been emphasized because of the
allegedly high prevalence of *“false-positive’’ re-
sults?~29, Although the importance of clinical
assessment and exercise variables have been
underlined’"?, it has largely remained the con-
figuration and extent of ST/T changes that de-
termine whether or not the test is considered
abnormal®. Configurational criteria, principally
comprising a horizontal or downsloping ST
segment 0.08 sec from the J point and ST de-
pression at least one mm below the isoelectric
line, are invariably provided in all studies. How-
ever, methods of measuring ST depression are
not uniform®? and are infrequently clarified.
Moreover, the actual SEs, especially ‘ false-posi-
tive ”’ SEs, are seldom illustrated.

It is our ongoing clinical experience®®3! that
evaluation of the post-exercise time course be-
havior of ST/T configurational alterations leads
to a marked improvement in the diagnostic
yield of SEs. In this study we attempt to clarify
our previously described®” method of inter-
preting time course patterns and illustrate ex-
amples of the 4 non-ischemic as well as the
ischemic patterns. In order to validate the reli-
ability of time course assessment in improving
SE interpretation, 2 selectors analyzed the ob-
servations and conclusions of 5 independent
observers familiar with post-exercise ST/T be-
havior patterns. Majority consensus of the ob-
server panel was judged relevant in this context
rather than an analysis of individual observer
accuracy. The observer consensus was good
considering the methods involved in this inves-
tigation. The observers were unaware of any
clinical details or exercise variables save the age
and sex of each patient and, from the SE, the
heart rate attained. They were also unaware of
the numbers that the selectors had allocated to
the ischemic and non-ischemic groups. All 30
SEs had previously been judged positive on
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Fig. 5. Resting and post-exercise ECGs of the 56-year-old man (see patient 2, Table 4) with
typical angina and developed intermittent aberrant conduction in some of the beats of the

immediate post-exercise tracing.

Interpreting the normally conducted complex in the immediate post-exercise tracing reveals a fairly
mild ischemic pattern with relatively late onset at 3!/, min and early offset at 7!/, min. When con-
sidering the aberrant complex immediately post-exercise the time course may be incorrectly inter-
preted as a Type IIB non-ischemic pattern. The one min tracing would then be interpreted as showing
““less ischemia ’’ (early offset) because the ST segment is upsloping, than the aberrantly conducted
beat but with deterioration again at 5 min when the ST becomes downsloping. This man had sig-

nificant single vessel coronary artery disease.

conventional ST/T configurational criteria alone.
Using these configurational criteria, the sensi-
tivity for the sample had therefore been 1009,
since all 14 patients with CAD were detected.
The positive predictive value, however, had
been only 479, because the 16 patients with
normal coronary arteriograms had also, but in-
correctly, been considered ischemic. For the
same reason, the specificity for the sample using
only conventional configurational criteria had
been 09, because no non-ischemic patients were
excluded. The additional analysis of ST/T time
course behavior retained a good sensitivity
(79%) while considerably improving both the
specificity (94%) and positive predictive values
(92%).

As shown in Table 1, 11 of 14 patients with
CAD had typical angina compared with 4 of 16
with normal coronary arteries. Indeed, all 3
patients whom the consensus incorrectly eval-
uated as non-ischemic but who had CAD, had
presented with typical angina (Table 4). This

might well have influenced and assisted the at-
tending physician in clinical practice regardless
of the exercise response. Review of the 4 SEs
in which observer consensus was incorrect, sug-
gested that observer error affected by dual time
course patterns (Fig. 4), temporary aberrant
conduction (Fig. 5) or unusually severe ST/T
configurational abnormalities played a role in
the misdiagnosis (Table 4). These unusual SEs
were a consequence of random selection and
were, we submit, particularly difficult for
““blinded *’ assessment. All 4 were, however,
correctly interpreted by the reviewer not on the
panel (Table 4). The specificity (94%,) and posi-
tive predictive values (929,) of the observers
were high. This strengthens our hypothesis?
that normal epicardial coronaries are seldom, if
ever, associated with an SE which is ischemic
in both configuration and time course. In other
words, while readily conceding that we have
been subject to observer error in this study and
also during our overall practice of applying time
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(A)
Fig. 6.
configuration,

(B)

Lead V; recorded in 2 patients 5 min after exercise demonstrating similar ST/T

Example A represents an ischemic patient with triple vessel disease. Example B is from a patient
whose stress ECG followed a Type IIB non-ischemic time course pattern and whose coronary

arteriogram was normal.

course behavior?, we have yet to detect, either
in our own experience or in a published illustra-
tion, a definite ‘‘ false-positive”’ SE in which the
time course pattern and other factors could be
fully evaluated.

It may be impossible to assess whether the
ST/T changes reflect ischemia on configuration
alone? (Fig. 6). By analyzing the relative severity
of ST/T changes at frequent intervals for at least
10 min after cessation of exercise, the crucial
time course pattern of an SE can be established.
We contend that patients with one of the 4 non-
ischemic patterns may often be managed in simi-
lar manner to those with ST segments that
remain normal after exercise. The clinical pre-
sentation and so-called exercise variables? re-
main highly contributory in evaluating an exer-
cise treadmill test. A patient with a non-ischemic
time course pattern may require radionuclide
studies'®, other non-invasive tests?® or coro-
nary arteriography, if clinically indicated, for
the same reasons that patients require further

investigation when the ST segments remain nor-
mal but a completely ‘‘ false negative”” SE is
suspected. We consider, however, that in a-
symptomatic subjects, or those with atypical
symptoms, a non-ischemic time course response
should be regarded as normal and thus CAD as
highly improbable. We dispute the philoso-
phy?28~26:38,39) that a high prevalence of ‘false
positives ’ in such subjects makes stress testing
unreliable or even contraindicated.

This study depended on the demonstration of
significant CAD on angiography as evidence of
myocardial ischemia. Conduction disturbances,
notably WPW syndrome, and hemodynami-
cally significant aortic or mitral valve disease, as
well as other causes of left ventricular hyper-
trophy and dysfunction, such as systemic hyper-
tension and hypertrophic cardiomyopathy, may
cause the ST/T configurational changes before or
after exercise that mimic, or may sometimes in
fact reflect, myocardial ischemia despite normal
epicardial coronary vessels. Patients with these
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conditions were excluded from this study but
the time course behavior patterns of those ST/T
abnormalities require investigation. Our pre-
liminary observations on WPW syndrome and
hypertrophic cardiomyopathy*® suggest that a
non-ischemic time course behavior pattern su-
pervenes. We are also aware that true myocardial
ischemia may not be present in patients with
CAD where collateral circulation is adequate®.
Nonethelese demonstrable significant CAD
on coronary arteriography remains principal
standard?® for confirming a diagnosis of myo-
cardial ischemia in both clinical and research
practices.

Abnormal or non-specific ST/T changes are
associated with a number of conditions in which
the epicardial coronary arteries are angiographi-
cally normal. These include so-called syndrome
X33 or microvascular angina®3%, hyperventila-
tion*?, vasoregulatory T-wave changest+#?,
athlete’s heart syndrome®4® and mitral valve
prolapse,8:29, The possible causal mechanisms
of ST/T changes in these cases are not relevant
to this study. Moreover, the hemodynamic
alterations and pathophysiological factors that
supervene 3 or 4 min after exercise when
ischemic ST/T changes are maximal in patients
with CAD have also not, to our knowledge,
been clarified. A steal phenomenon!® at this
time, shifting flow from stenosed vessels sup-
plying ischemic or potentially ischemic myocar-
dium to non-ischemic myocardium through
dilated normal coronary arteries, is probably an
important factor. The post-exercise early onset,
late offset or late onset, early offset time course
pattern of myocardial ischemia is constant in
our experience provided that patients with un-
stable angina or ECG evidence of previous myo-
cardial infarction are excluded, that coronary
spasm does not supervene and that glyceryl
trinitrate is not given during or shortly after
exercise. The late onset, late offset (Types I and
III) or early onset, early offset (Types II and
IV) non-ischemic patterns are also remarkably
constant. We reiterate, however, that the ST/T
changes must be interpreted as we have outlined
if time course behavior patterns are to be op-

timally applied. Importantly, this includes judg-
ing no ST depression with a downsloping ST
segment as worse ‘‘ ECG ischemia’ than sig-
nificant ST depression with a horizontal or, of
course, upsloping ST segment. Observations on
ST depression alone#*% or not confined to the
post-exercise period*® will provide disparate
results and will seldom differentiate true from
*“ false-positive”” SEs.

Conclusion

The exercise stress test remains an easy, cost
effective and practical ‘method for detecting
ischemic heart disease. Multivariate analysis of
history, clinical examination, exercise and elec-
trocardiographic variables remains crucial in in-
terpreting whether a stress test is positive for
ischemia or not. All of these factors are observer
dependent and thus require clinical acumen.
We have confirmed that time course behavior
patterns of the post-exercise ST/ T configuration
lends increased predictive value to the exercise
test. As with assessment of clinical signs and
more sophisticated invasive and non-invasive
investigations, observer accuracy will vary
among individuals depending on expertise, ex-
perience and the criteria applied. The results of
this study, with 5 different observers each
analyzing the same 30 SEs, indicate that many
so-called ‘‘ false positives >’ will be detected as
true negatives for ischemia when time course
analysis is added to the evaluation of post-exer-
cise ST/T configurational alterations. Com-
puterization of our method of assessing time
course analysis should decrease, if not eliminate,
observer error and thus further enhance the
accuracy of stress test interpretation,

Addendum

After this paper was prepared for publication,
Ellestad et al (Am Heart J 123: 904-908, 1992)
in a study of 462 subjects concluded that ‘‘ time
course of ST depression. . .adds significantly
to the information gained during exercise test-
ing ”’. As with others#“%, however, their time
course observations were made on ST depres-
sion alone and not ST/T configurational changes
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as practised by us. It is thus not surprising that
Ellestad et al still encountered a large number
of “ false positives .
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