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In the light of the controversial clinical relevance of ST 
segment,. �epression confined to the recovery period of an 
otherwise "normal" treadmill exercise test, the tracings of 51 
male patients at St. Luke's Medical Center Heart Institute from 
1987 to May 1992 who presented with this stress test ECG 
change were reviewed and correlated with the coronary 
angiography findings. Lachterman's Scoring System to quantify 
the severity of CAD based on angiographic profile was adopted 
in this study. Twenty-seven percent (14/51) of the subjects had 
normal angiographic findings; in this same subgroup, all showed 
ST-T changes confined to the inferior leads only. In the remain
ing 73% (37 /51) who had �normal coronary angiograms, 20% 
(10/51) showed ECG changes confined to the inferior leads and 
the remaining 53% (27 /51) had ECG changes in leads other than 
the inferior; in this 53% subgroup, 14/27 nevertheless had 
significant RCA lesions, giving a sensitivity of 42% in the use of 
inferior leads in the detection of CAD. Limiting the population 
to 27 by excluding those with inferior lead involvement, there 
was a good correlation of significantly-diseased coronaries 
when the ST segment depression in the recovery period occurred 
earlier (mean = 5.08 + 2.2. min., r = -.8863), was of longer 
duration (mean= 5.5 + 2.7 min., r = .8800), and was associated 
with lower METS (mean= 8.0 + 2.5 METS, r = -.8027) and lower 
Double Product (mean = 14820 ± 4204.8, r = -.8048) achieved. 
There was poor correlation of the severity of diseased coronaries 
with the depth of ST segment depression, be it 1 mm or more. 
Correlation was improved further when two or more of these 
characteristics were present, with the best correlation coef
ficient of . 9784 achieved when all four variables were present. 
This paper further supports a previous contention on the 
low sensitivity of the inferior ECG leads in the detection of 
CAD. 

INTRODUCTION 

Sudden cardiac death may be the initial manifestation of CAD 
in 50% of patients according to the Framingham Study. 1 Through 
the years, exercise testing has been a good screening procedure in 
identifying latent CAD, its potential role always emphasized through 
recent advances in the management of patients with a variety of 
heart diseases, despite its significant limitations as a diagnostic 
tool.2 

Heart Institute, st. Luke's Medical But probably. what yet remains to be tapped is the added 
Center potential significance of the exercise test through investigation of 
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the possible diagnostic relevance of ST changes 
limited to the period after exercise. To date, the 
interpretation of these changes is more likely 
to represent false (+) responses or is due to 
coronary artery spasm.2 While it is true that
nuclear imaging techniques immediately af
ter exercise testing may shed light on the 
status of the myocardium in the recovery 
period following exercise, this procedure, 
exemplified by the Stress-Thallium s_!:!an, does 
not incorporate the lowly ECG which could 
have been close to ideal if simultaneously. 
done with it in evaluating the significance of 
these post-exercise test ST changes. 

OBJECTIVE 

This study aims to determine the correla
tion of ST segment changes (depth of ST depres
sion, time of onset in the recovery period) ob
served during the recovery period after an oth
erwise normal treadmill exercise test, alone or in 
association with other TET-derived parameters 
(namely, total METs achieved and Double Prod
uct), with the severity of coronary artery dis
ease. 

METHODOLOGY 

Selection of subjects was confined to pa
tients at St. Luke's Medical Center Heart Insti
tute from 1987 to May 1992. Subjects were 
patients who had positive treadmill exercise test 
changes confined to the post-exercise recovery 
period alone in an otherwise normal exercise 
test, and who also underwent clinically indi
cated coronaryangiographywithin three months 
of the other procedure. 

EXERCISE TEST 

All treadmill exercise tests were sign or 
symptom-limited maximal tests using the rec
ommended criteria for termination. The number 
of metabolic equivalents (METs) achieved and 
the Double Product (peak diastolic BP X corre
sponding heart rate) were computed.3 The PR
segment was taken as the isoelectric line. A 
positive test result was defined as an exercise
induced depression or elevation of 1 mm or more 
in the ST segment in any lead in the electrocar
diogram, as compared to the PR segment, in 
three or more consecutive beats. ST depression 
changes in millimeters were measured 80 milli
seconds from the J junction and in relation to 

Volume XX.I No. 3 July-September 1993 

Recovery - Positive Treadmill Test 
Muiioz et al 

the baseline isoelectric line. All 12 leads were 
examined and the leads involved, the depth/ 
height of ST segment depression/ elevation, the 
time of onset of the ST segment change in the 
recovery period and the duration of the ST 
segment change during the recovery period 
were also listed. 

ANGIOGRAPHY 

Results of  the patients· coronary 
angiograms were reviewed. An occlusion of> 700/4 
was considered significant. The scoring system 
utilized by Lachterman2 et al in quantifying the 
number of significantly occluded vessels was 
adopted in this paper, which was as follows. 

TABLE I: Lachterman's scoring system for severity of CAD 
based on angtographlc study 

VESSELS INVOLVED POINTS 

> 7Cl'JA, LAD or Diagonal or both l 

>700Ai Right Coronary Artery

> 700,6 LCX or OM or both

>500Ai LMCA w/o RCA involvement 4

>500Ai LMCA w / RCA Involvement 5 

total angio score 

Patients with significant coronary occlu
sion but who showed subsequent development 
of significant collaterals were further excluded 
from this study. 

Patients whose borderline ECGs showed 
CLBBB or WPW, or who developed Mis within 
three months of either procedure or in between 
performance of the two procedures, were elimi
nated from the study. Post-PTCA and CABG 
patients were likewise excluded from the study. 
Females, who are known to have frequent oc
currence of false(+) exercise test results.4

•
5 and 

in whom ECGs had limited sensitivity and speci
ficity in the diagnosis of coronary artery dis
ease, 6 were further excluded from the study. 
Other data included age distribution of pa
tients, the time interval between the two proce
dures and medications. Current therapy with 
digitalis and medications known to significantly 
affect AV nodal conduction also served as an 
exclusion criterion. 
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RESULTS 

Forty-six subjects were included in the 
study. All these subjects showed recoveiy-posi
tive ST segment changes in the form of ST 
depression and nQsubjects presented with ST 
segment elevation. 

Figure 1 shows that only 14/5J or 27%(C) 
had normal coronaries by angiography, while 
theremaining37 /51 or 73%(A+B) had a signifi
cant occlusion of one or more coronaries. All of 
the 14/51 (Cl patients with normal correspond'
ing coronaries nevertheless showed ST depres
sion involvement in two or three of the inferior 
leads. On the other hand, 10 of the 3 7 patients 
(20% of total population) with abnormal coro
naries (A) likewise had ST changes of at least two 
of the inferior leads. Fourteen (14) of the 27 
patients with abnormal angiograms and ST 
changes in leads other than the inferior leads (B) 
had abnormal RCA despite the absence of ST 
changes in the inferior leads. This shows a 
sensitivity of 42% using the inferior leads. 

A 200'6 

ABNORMAL 
ANGIO 

B53% 
(n=27) 

C27% 
NORMALANGIO (n=l4) 

(all with Inferior lead 

(leads involved otJ1er than inferior) 

FIGURE I: Distribution of subjects according to ECG lead 
Involvement and angiographic profile. 

Table II shows that when the study popu
lation was further reduced to 27 by excluding 
subjects who manifested abnormal ST changes 
in the inferior leads on the presumption of a 
high false negative yield in using these leads, 
there was a notable change in the subjects' mean 
onset of ST changes in the recoveiy period, the 
mean duration of the ST depression. the mean 
total METS and Double Product achieved, with 
little change in the mean age, number of vessels 
involved and the depth of ST depression. 
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TABLE II: Data of subjects 

A Entire population (n=51) 

B. Population subset excluding subjects having abnormal
Inferior leads (n=27) 

(A) (B) 
VARIABLE RANGE MF.AN RANGE MEAN 

AGE 37 · 75 55.4±10 37 • 75 54±11.3 
ANGIO SCORE 0-4 1.8±1.35 0-4 1.08:t.47 
ST DEP (MM) 1-3 1.7±.44 1-3 1.58±,38 
ONSET(MIN) 1-8 3,9±2,16 2-8 5.08±2,2 
DURATION (MIN) 2-12 7.3:t3.I 2-12 5.5:t2.7 
ME'J'S 4-IO 5,5±2,5 4-10 8.0±2.5 
DBL PROD ooO<l-21600 12211.6±4209 7470-21600 14820±4204.8 

Table III shows the correlation coefficients 
obtained by Linear Regression Analysis associ
ating the angiographic scores of CAD severity 
with the different variables, whether alone or in 
combination. The statistical analysis of the en
tire population showed a significant negative 
corre!ation of the severity of diseased vessels 
with the time of onset of the ST change in the 
recovery period, the number of METs achieved 
and the Double Product. There was improved 
correlation when two or more of these variables 
were combined, with the best correlation noted 
when the number of diseased vessels was corre
lated against the time of onset ln the recoveiy 
period combined with the number ofMETs and 
Double Product achieved and the duration of ST 
depression in the recovery period, with correla
tion coefficient r = .9073 . 

TABLE III: Correlation coefficients obtained in comparing the 
angiographic score vs. ST depression attributes and 
other TET variables. 

Entire Population Population Subset 

Anglo Score vs. 
depth of ST dep. 
Anglo Score vs. 
time of onset 
Anglo Score vs. 
ST dep duration 
Anglo Score vs. 
METs achieved 
Anglo Score vs. 
DBL Product 
Anglo Score vs. 
METs + DBL Product 
Anglo Score vs. 
METs + Time of onset 
Angio Score vs. 
METs + Time of onset 
+ DBL Product
Angio Score vs. 
METs + Time of onset 
+ DBL Product +
ST dep duration

n=46 n=24 

.4032 .1810 

-.8372 -.8863 

.6265 .8800 

-.8382 -.8027 

-.8224 -.8048 

.8799 .8418 

.8783 .8911 

.9055 .9262 

.9073 .9784 
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Considering the high false negativity and a 
sensitivity of 42% with the use of the inferior 
leads, statistical analysis limiting the data to 
those without inferior lead involvement, al
though reduced to onJy 27, still showed better 
correlation of the severity of diseased vessels vs. 
the time of onset at recovery (-.8372) to -.8863). 
vs. time of onset+ METs (.8783 to .8911). vs. 
METs + dbl product (.9055 to .9266). Still, the 
best correlation was noted between the angio 
score vs. the combination of an early onset in the 
recovery period, lower METs and DBL Product 
achieved, and longer duration of ST change at 
recovery (.9073 to .9784). 

DISCUSSION 

In the study ofKarnegis et al with a study 
population of 838 subjects. 94% had abnormal 
exercise test response during exercise, while 
only 6% had abnormal changes noted only 
during recovery.7 The rarity of this occurrence 
had led many cardiologists to overlook this 
infrequently encountered "phenomenon." Need
less to say, it is a common attitude of some 
physicians to treat the post-exercise recovery 
period tracings as mere records for following up 
patients whose exercise tests turned out abnor
mal during exercise. 

Several foreign studies have considered 
"recovery-positive .. stress tests or those having 
significant ST segment changes occurring dur
ing recovery only, but none have been men
tioned locally. Karnegis concluded in his report 
that the clinical significance attiibuted to ab
normal ST segment responses during recovery 
should be the same as that attributed to changes 
occurring during exercise. and that electrocar
diographic, hemodynamic and cardiac 
catheterization variables do not distinguish 
between subjects who show these two different 
temporal responses.7 There was no stratifica
tion of subjects until the study of Savage et al, 
who concluded that the ST segment depression 
after exercise is usually associated with CAD in 
men with mean age of 58 years and an average 
of eight METs.8·

9 Ellestad 10 further studied pa
tients who did not have ST segment depression 
duling or immediately after exercise but who 
developed changes 3-8 minutes later, and these 
changes were found to be definite but weak 
predictors of subsequent coronary events. 

The results of this study propose that 
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changes in the post-exercise recovery period 
are significantly correlated with CAD when

they occur in the first five minutes of recov
ery in ECG leads other than the inferior, are 
of long duration (>6 min.) and occur at lower 
metabolic equivalents and Double Products, 
regardless of the depth of ST depression, be 
it 1 mm or more. To date, no clear-cut objec
tive explanations have been presented to 
explain these changes, which are not within 

, ,the realm of this paper, being an uncon
trolled, retrospective study. All variables, 
however, suggest the status of a myocardium 
that has reached optimum working capacity 
in the absence of compensatory responses 
reflected through the DBL Product and meta
bolic equivalents. 

CONCLUSION 

This study indicates that among the 
male population who present with ST depres
sion of > 1 mm in the recovery period after an 
otherwise normal treadmill exercise test, the 
use of the inferior leads shows low sensitivity 
for the detection of coronary artery disease, 
which is consistent with previous lnvestiga
tions.11 

There is poor correlation of the severity of 
CAD with the depth of ST depression beyond 1 
mm. There is, however, a good correlation of the
seventy of diseased coronaries with the ST
segment depression occurring early in the re
covery period (mean=5.08 ± 2,2 r = -.8863), of
longer duration (mean = 5,5 ± 2.7 r = .8800). of
longer duration (mean= 8.0 ± 2.5 r= -.8027) and
lower Double Product (mean = 14820 ± 4204.8
= r -.8048). Correlation is further improved
when two or more of these characteristics are
present, with the best correlation coefficient of
.9784 achieved when allfour variable character
istics are present.

This paper recommends that post-exercise 
recovery period ECG monitoring of patients, 
specifically males. be done for at least five 
minutes. and if recovery-positive, be continued 
until the ST changes have normalized for prog
nostication of the patients. Even better, a con
trolled, prospective design with a bigger study 
population which will compare recovery-posi
tive tests with actual exercise-positive tests, ls 
in order. 
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