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Stress Testing and Coronary Artery Disease :
Study of 140 Cases on Tread Mill
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Stress lesting in the dataction of coranaly
artery dissase {s being done more often ol prasent
in all important medical evaluation centres. The
results of 170 consecutive submaximal and maximal
tread mill exercises dape in 140 patients during @
two year period are reported. The details of techni-
gue and procedure have fheen described, 374 nases
showad abnormalities with ST zegment depression,
vantricular premature beats. incomplete RBBE and
T wave changes. Imterpretations and pathogenesis
of various abnormalities are briefly discussed. It is
concluded that submaximal tread mill stress /s a
fairly reliable non-invasive test in the diagnosis and
assessment of coronary artery disease.  Attertion has
also hean drawn to the advantages and pitfalls of
this tectinigue.

A el ol 2 B W

THE natural histary of coronary artery disease

(CAD) demands early diagnosis 1o attempt
secondary prevention for reducing morbidity and
mortality. The garly obscrvations of ST-T changes
that accompaniad exercise and spontaneous episodes
of angina provided impetds for applying a cardiovas-
cular stress test and ECG recording’. During the
last decade ar so diagnosis of CAR by graded
exercise testing has generated wide spread interest
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and practice. The electrocardiographic manifestations
of exercise-induced myocardial ischaemia hava been
fairly well defined and generally accepted by now.
The safety of stress tasts has been graatly enhanced
in recent vears by slandardised protocols
monitoring technigues. Several investigators have
studied and monitored stress tests routinely in the
presence of abnarmal basal resting ECGs 1.1, 6.4 11
6.2 gnd in the course of early convalescent period
following myceardial infarction (MI)®.

and

Detection of CAD in the Armed Forces has
assumed greal importance. It concerns the Air Force
much maore so whete proper evaluation ef aircrew
with CAD or ECG abnormality vis-a-vis flying duties
and rohabilitation/follow  up is of  paramount
significance. It has been stated that in over 20 air-
craft accidents or incidents directly or indirectly
attributable to the pilat, the pilot was suffering from
CADL.  This paper presents the experience in tread
mill testing done in the Institute of Aviation
Medicine, |AF over a period of twao years.

Material and Methods

Betwesn February, 1978 and February, 1980, a
total of 170 tread mill tests were performed on 140
refarral patients.  The subjects were all male, 17 1o
B5 years in age and from the Armed Forces. They
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were grouped as in Table | in terms of reasons for
tread mill evaluation :

TABLE |
.Gmups Mo, of cases
A. ECG Abnormality ' 93
T wave changes G5
VIPEs 5
Incomplete RBER 5
SVPB= 5]
Tachycaidia {(VYRA) 3
Bradycardia 3
Miscellaneous (WPW  syndrome,
caronaty  sinus  rhythoe,  low
amplitude T, R more than S in V3 7
(5 CAD_{;SEhHiSEd resting an:]DMT FCG}_ 35
Symptamatic a1
Asyrmptomatic 4
C.  Pain Chest (Atypical) |nvestigation 12
Total 140

All subjects wera examinad for any clinically
detectable cardiovascular and other systemic abnor-
mality. Houting haemogram, urinalysis and metabalic
parametars including blood sugar, wric acid and
cholestarol levels were determined in all cases. A
chest PA skiagram of each and screening chest
selectively wete also carried out.  All wera subjected
to ECG at rest and after Masler's double twa-step
test {ODMT). As and when indicated, ECG on
standing, after fasting and before, during and after
Valsalva manceuvre, hyperventilation and follawing
beta bleckade were caried out. After informed
conzent, they were laken up on Venkey's tread mill
for gradient exercise testing,

The Mason-Liker' system of electrode placement
was followed. Continuaus moanitoring on oscilloscope
with facility for simultaneous ECG recording was
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availabla. Prior to test, the subiccts wee fuyl
briefed regarding the procedure and askad 10 indica
peomptly  any  symptoms such as  chest pail

dyspnoea, fatigue or profuse swoating if and as the
gccurred,  The tread mill protocols emploved in ih
Series were the General Furpose Protocol! faor i
known CAD group and the Bruce Protacol! for 1
rest,

The end-point of the test was aimed to achiey
maximal heart rate or submaximal heart rate =«
detarmined bv protocol in the CAD and non-CAl
group respectively. During the graded stress test
Bzih srtage was punctuated by recarding standing
ECG from a pre-determined lead and simultaneou:
blood pressure measurcmant,  Standsard 12 [ead ECE
as well as rhythm strips wers obiained as indicatad
Any ectopic rhythm  evident continuouslh
followed on oscilloscope, The suass t8sting  wa
alsa  terminated in case of {(a) tn

WWHE

prematurely in
subject devaloping symatoms of chest pain, fatigue
profuse sweating or cramps @ (h) untoward tall in
systalic or rise in diastulic blood pressure ;) {c) run:
ar salvos of wentricular prematurs heats (WPBs)
and {d} marked and unequivacal ECG palterns of
MIL - After cessation of the test, immediats starding
and supine ECGs, in that ordar, and 3 min., 5 min,
and 10 min. post-cxerciza racaords along with bload
pressure  recording  ewvery  three  minutes  were
ubtained. In some instances, the evolution of (he
abserved ST-T changes were followed up to 30
mirutes. Restoration  of basal heart rate, blood
pressure and ECG paltern were ensured prioe to
retidrning the subject.

The following criteria were used to diagnosa

CAD based on tread mill stress test!, & 7, 18 7

g} Horizontal ST depressinon of 1'5 mm or more
lasting for 006 scc ar more, either during
or after exercise,

b} Sloping 57T depression with concave slope
af more than 2 mm and progressive,

c} Invaersion of U or T waves,

dj  Multiple ventricular premature beats {VPBs).
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e} 'J" depression of 2 mm or more.

aberrant intraventricular

f) Appearance of
conduction.

a) Fall of systolic Weod pressure by 18 mm  of
Hg or incraase in diastolic blood pressure by
10 mm of Hg.

Results

ln 15 of the 140 subjects (10%,), fread mill
axercise was terminated prior to achisving maximal/
submaximal heart rate, The chigl indications for
atolishing the =tress test were diagnostic ST
degression (407}, appearance of symptoms (26°5%,),
fall in systolic blood pressure (13%), rise in diastalic
prassure (6+B%,), runs of VPBs  [B'B%) and
bradyeardia (6'5%).

All the subjects were normotensive and free
from  any  detectable  abnormality  on physical
examination of the cardiovascular syslem except one
who had a cardiagc murmur.  None manifested
hvperalycaemia,  hypercholesterelaemia or  hyper-
uriczemia. Mo subject was on any cardia-active drugs
at the time of the test. Aircrew formed 55% of the
subjects, The age distribution {s shown in Table 1.

TABLE NI
Aae Gruupﬂears} MNo. of cases

17-20 3
21-25 10
26-20 18
31-35 22
36-40 28
41.45 32
46-50 11
51.55 10

Total 140

Maximum incidence of ECG abmommalities (specific
and non-specific) were obsetved in the ags group
26 to 45 years (B170) but the majority in the CAD
group belonged to the ags group 30 to 55 years
{25%.):
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Of the three major groups of cases, ECG
abnormalities formed 66.5%,. CAD 25% and atypical
chest pain 85%,.  Fifly two cases showed abnonma-
lities compatible with CAD when subjected to tread
mill evaluation. Of these, besides the CAD group of
35 persannal, 17 subjects belonged to the other twao
groups prasenting with ECG abnormalities or atypical
chest pain. Table 11l consolidales the ECG changes
observed during and after tread mill exercise on the
total 140 casas,

TAEBLE [
Stage Fost - exercize
I—viIl fmin)

-3 5-10 15
8T depression 12 22 17 St
VPEs 10 & < 4
SVER 3 3 3 b
T inversion becom-

iy upright 2 3 3 1
T inversion - 10 10 6
Intomplats RBEB — 3 3 3
Increased PR interval  — —_ 2 2
Tall T wave = 3 2 1

Dizcussion

Various  non-invasive techniques towards the
diagnesis of CAD have assumed importance during
the last decade. Their correlation with invasive
procedures 5 well established, Cardiovascular
stress testing is pre-aminent among them by virtye
el s eass, safely, patient acceptability and wide
practical applicability especially in the wake of refine-
ment and standardisation of procedure since the carly
ploneering works of Gold Hammer and Scherf and
later Mastar. When confronted with large number of
cases presenting with ECG abnormalities or atypical
chest pain, such 8 non-invasive test is warranted to
identity those with ischacmic heart diseass (IHD).
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OMT gives few false positive results but fails to
detect aboul 20% of patients with [THD® The
advantages of tread mill over this are that {a) it is a
gtandard procedure, (b) good ECG record is obtain-
able during exercise, {(c} the work load is designed
to achieve a steady stale al each level, {d) an initial
warming up period leads to gradient exsrcise Strcss,
{e) it is almost independent of patient's molivation
and (f) it is safe for screening a large number of
subjacisl, Whsn maximal stress and 12 lead
deplayment ara utilised, a higher true posilive fesuUlts
are yielded and can become 3 predictable index af
the severity of CAD and localisation of the areas of
ischaemia®,

ST Segmant Changes © A large number of ECG
changes luollowing stress manosuvres have hewn
described in patients with [HD but only changes in

the 5T segment have shown sensitivity for the
dissase without loss of specificity.  The maost
sensitive and spacilic indicator  of myocardia!

ischaemia has been the horizontal or down-sloping
ST segmeni. ST depreszion of 1.5 mm or more
reduces the chances of false positive cases to a
considerable degree'™. J point depression more
than 2 mm for more than (.08 sec is being accepted
as yet another indicator of significant CAD o

Amung the various ECG abnormalities obsarved
in this series, ST segment depression of more than
1.5 mm was ohsarved in the maximum number of
cases. During exercise, ST segment abnormalities
furmed 42°, of all abnormal aobservations; ST-T
nbnormalities formed 61%, 58% and 31°% of all
observations in the immediate, 5—19 min and 1b
min post exercise periods respectively (Fig. 1).  The
crucial period to observe and record ST segment chan-
gas [with or withoul T changes) is during exercise and
up to 10 min post axercise period. 1t is noteworthy
that no case in this serigs showed ST segment
changes 15 min attar exercise whereas T wave
changes were still observable after 15 min post exer-
cige and counstituted 427%, of all the abnormalities
in thia period.

A positive stress test without prior Ml increases
the likelihood of CAD with multi-vassal invelvement,
# nagative test is also helpful in excluding muliti-

28

vassel disease in patients with atypical chest pain.
ln patients with prior MI, positive tread mill test s
indicative of multi-vessel diseass '7, 7 &0,

In the present series, none showed ST sagment
elegvarion on tread mill. ST segment elevalion ahove
the iscelectric line occasionally occurs during stress
test. This kind of response s uwsually seen in
patients with severe angina and also can be cxpected
in ¢ases manitesting wvariant angina.  The laad
tion of 5T alavation cormrelates well with near total
or total occlusive lesions of the wvessel supplyving

lona-

the region of the myocardium involved. [t may
Le the manilestalion of more severe myocardial
disease reflecting transmural rather than  suben-

docardial ischaemia. The prognosis in such casas,
therefore, may be worse as compared to thosa with
ST depressinn®,

Heart Aate Response . One case in this series
showed an abnormal heart rate rasponse in the form
of a drop from 120/min to 9¥min at the end of
Stage 11 {Fig. 2). Generally, cases of CAD attained
the desired heart rete at lower load of exercise
compared  to these  cases  with  non-specific
ECG abnormalily.

The heart rate response is part of the physiolo-
gical integrated cardiovascular response to exercise
towsards augmenting cardiac output.  Initially, rapid-
ly rising heart rate contributes 1o augmentation of
cardiac  output but at near maximal levels, the
quantum of rise in heart rate decreases. The hieart
rate response is probably mediated through auto-
nomic nervols system increase 0 cate-
cholamine levels and decrease in parssympathetic
Mechanical factars such as distension of
right atrium with increased wenous raturn (2ain-
bridge reflex) may also operate. Patients with
impaired cardigc function have limited ability to
incraase stroke wolume with exercise and in fact
the wvolume may decrease. In such situations,
increment in cardiac output depends largely and
heavily on rise in heart rate. Patients with signi-
ficant heart discase mianifest a higher heart rate to
a givan wolk load than normals. A poor prognostic

sunh As

activily.
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index 3 subnormal increadsc in hearl rate  with Arrhythmias . The commonest arrhythmia
exarcise among patients of CAD 1, observed was VPBs {Fig. 3). In one case YPBs were
fired in salves and consesquently tread mill stress was
aborted. After 15 min post-exercise period, four
out of the ten subjects still showed VPBs at a rate
of 15-25 per min. Five of the ten cases were from
the group of ECG abnormalities,

Blood Prassyre Response ! Three cases showed
abno:mal  blood pressure response in this series.
Fall of mora than 16 mm of Hg in systolic pressue
was observed in two cases and a rise of over 10 mm

Fig- 1 — 87 — T olismges  doung tread mill exevcisn

Fig. 3 — Mentricular and supraveninoular ectopios during
Hg diaztolic in one case. All three belonged to Lresd mill test

the CAD grous,

Exercice-induced  ventricular ectopics  ooour
more Irequently in patients with CAD than in the
normal subjects, Frequent multifocal VPBs  and

Bload pressure respanse to graded exercise stress
has been described te be significant in the detection
cf CAD. The behaviour of both systolle and diastolic
pressuras are important in this context. Decreass
in the peak systolic bload pressure of 15 mm Hg or
more is considsred by some as highly specitic far

Fig.-2 — Bradyeardia curing stape 117 of tread mil lest

multi-vessel coronary  disease  when significant
valvular lesions gnd cardiomyopathy are absent 4%
Increase by 10 mm Hg or over of diastolic pressure
on at least two determinations is considered  sn
abnormal response to muscular isotonic excrcise 1 wentricular tachyeardia oceur with greater frequency
ltmay be a good indicator of CAD even in the and at lower levels of work load and heart rate
absence of ST-T changes. among patients with CAD, These do not seem 1o
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Fig. 4 Bigaminy during stages | and 11 af Lread mill test



be related either 1o the prescrice o extent of
exercise-induced ST segment  abnormal Fesponse,
Supraventricular prematire beats are induced less
frequently by exerrcize gu tompared to VPBs 1,0,
festravenivicidsr Canduction feafects : Three
cases showed incomplets REBR in post-eaetcise
ECG. Cases with initial dizgnosis of incomplata
REER showed ng daviation or deterioration on lread

mill.

Development of BBBfirtraventricular conductian
defect on st ess testing is ecnsidered significant.
They ate responsible for the false negative results as
they tend to mask the exercise-induced primary
ST — T charges of myocardial ischaemia. RBBB,
RVH and left antariop hemi-blcck have all in commen
deep S in precordial leads with T wavas diracted
opposite.  In thase romplaxes, area of T wave ig
bsually increased and ST segment lends to sfope
up  steeply from the nadir of S to onset of T.
These sccondary ST — T changes tend to obscure ar
cancel the characteristic horizontal or downsloping
ST segment response to  stross - induced myo-
cardial ischaemia 14,

Vasoregufatory Asthenia : Thres casss mani-
festing tachycardia and borderline 8T . T changes
werd  also subjected to tread mill evaluation, |t
was seen that heart rate angd 8T — T changes were
marked on standing whereas no significant davig-
tion  or detarioration oocurred on stress testing;
basides, ECG changes showad improvemant Tollow-

ing administration of propranclol,

Theae iypes of abnormalities are due io the
syndrome ol vasoregulatory asthenia, Proprana|ol
usually partially or completely reverses the observad
non-speeific ST — T changes. This antity is an
additional cause for gaiving rise 1o false positive

result in stress testing 2,

Other Factors : While interpreting an abnormal
5T segment rasponse to a slress test, apart from
CAD, other causes like false positivity, nopmal
variance specially racial, cardiomyopathies, corg-
nary artety spasm, myocarditis, cellular membrana
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defert, Reuragenic jmbalance, small wessel g
and haemoglohin dysfunction are to be remen
4% possible causes ip select  situations =
evaluating abnaormal §T SROMent response tg
Ve8ting, many other factors file maximal heajt
miximum  systolic bleod pressure, chest pa
wave configuraticn. S7 segment contour, §7
changes with posture apd hyperventilation am
intrease in the p wave regativity in V) are als
be reckoned with L
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