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STRESS TEST FOR EURLUATION
OF THD AND EC6 NENORMALITY
IN SERUICE PERSONNFL
INCLUDING RIRCREW

M Akhtar, 65 Nayar, YM Alurkar
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A total of 758 stress tests which involved 685
subjects including 147 sircrew, has been
analysed. Provisional diagnoses  prior  to
the stress testing were ECG abnormality,
1schaemic heart disease (IHD), hypertension
and disbetes mellitus | Fifly normmal sub jects
who performed stress test for evalustion of
cardiovascular  fitness were also included in
the study. The test was found to be posilive
in23% of ECO abnormality group, 71 3% of
HD cazes, 72% of cases of hypertension,
38.1% of diabetes mellitus and in 4% of the
‘normals’. 25.8% of aircrew wers found to
have stress test positivity. A lar ge number of
tases with ECO abrormality  (77%) were
cleared of IHD. 74.2%  of aircrew were
upgraded to higher categories, meluding flying,
following negative stress test. On the other
hand, T1.5% of HD cazes  with positive
stress test were benefited by  institution/
alteration of specific drug therapy, True to the
presant view, comparatively larger percentage
of hypertensives and disketics proved to have
HD than normals. Thus stress test is 3 useful
and informative non~invasive cardias
investigation for dizgnosis and disposal of
ECG abnormality and ischaemic hesrt dizesse.

Keywords: Aircrew fitness, hypsrtension and
stress test, stress test and dizhetes,
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@x_ercise electrecardiography or the streczs
test has been employed for evalustion and
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disposal ¢f cazes of schaemic heart disess
(HD) for over half a century. However, it
usefulness and  accuracy have reached ney
heights with the recent advanees in  medies
eleotronics. The modsrn stress test techniqu
osomprizes of  on-lipa mullichannel  ECH
recordings during qraded computerize
treadmill exercize  and  simultaneous  dat
analysis  of heart rate, rhythm, ectopi
count, ST segment displacenent, integral  ane
slope. This paper analyses the results of 758
stress  tests conduoted by the above techniqu
at the Institute  of  Aviation Hedicine
Bangalore during 3 period of =ix Years anc
brings out the usefulness of this lest L
diagnosis and disposal  of service Jersonne
including  afroresw with  HD  and  ECE
abnormality .

Materials and Methods

Subjects referred for siress test were
evaluasted as follows:

a. Recording ol detailed present, past,
personal and family  histories aeith spegizl
sttention ta coronary risk factors.

b. General physical and systemic examination
to ascertain the cardiovascular statys and to
rule  eut  complicationsforganic  dizesses
invalving systerns other than CVS,

c. Routine  examination of blood and uin e,

and  relevant bischemical investigations  to
exclude  zoute  infections, eozinophilia,
dizbetes mellilus and hypercholssterolaemia,

d. Radiological evaluation of lungs and heart

1o exelude pulmonary organic  diseasze and 4o

dssess gardiac size,

€. ECO  recordings  at rest and after
Master's two step exercise (OMTY were dane
in all to assesz cardiac response  to this
below-submaximal exerciss prior to stress
test

Subjects found  suitable for stress test
were advised the following precautions:
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a.To maintain  normal  diet-rest-exercize
habits for at least 48-72 h prior to the
day of stress test.

b. To avoid smoking and  aleohal for al Jeast
12 h prior to the date and time of siress test.

o, To report to the stresz lest laboratory
at 0730 h after a Vight breakfast,

The subjects -were briefed about the
procedure and a  signed  consent  for
undergoing the test obtained from all. The
subjects belonged to the following categories:

4. ‘Mormnal’ group = Apparently normal subjects
who reported  for rouline cardiovascular
evaluation.

b, ECG  Abnorrnality group - Cazes of
non-specific ECG abrormality.

0. Diabetes Mellilus group - Cases of disbetes
rellitus,

d, Hypertension group = Cases of hy peer tenzion,
. HD group - Cazes of HD.

Subjects from the first four groups were
planned for maximal exercise whereas those
with IHD were permitted up to B5% of the
maximal heart rate (submaximal exercise).
Exerpice  was carried out by multistage
treadmill (TR or by graded bicycle ergometer
(BE) depending on the choice of the subject. The
THM exeroise was earried out on the Viagraph
multistage cornputerized treadmdll  and
on-line multiple  electrocardiographic leads
evaluation  system. The BE study was
performed on the Monark Ergocent squipment.
Multiple lead system recording of ECG ()
was followed in the rnajority  and bipolar
{(CHM5, CCS) lead system (S in the others.

Pre-ewereize  recording  ncleded basal
12-lead ECG n supine and standing
positions, and  after hyperventilation  and
valzalva manceuvres. Basal biood pressure
(BP) was recorded in a1l Recording of 12-lead
ECG and BP was continued at the end of each 3
min stage of the graded TH/BE exercise.
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The sexercise was routinely terminated on
achisvernent of the target heart rate.
However, discontinuation of exercise was done
in subjects who had the following:

a. Complaints of giddiness, precordial
discomfort, pain, fatique or leg cramps.

b. Abnormal  BP resordings like fall of
systolio BP or hypertensive reaction (abnormal
rise of systolic and diastolic BP).

¢. hppearance of diagnostic  1schaemic ST
displacement.

d, Appearance of multiple ventricular/
supraventricular ectopics, inoreasing in number
with progress of exercise, Appearanoe
of bigerminus rhythm, ventrisular tachycardia
or atrioventricular blook,

The post-exercize recordings of ECG and
BP were done at T min, & min and 9 min
after exercise in all cases. Those who showed
arrhythmia or abnormal $T-T changes during
exereize or had pain chest or giddiness were
continued  under  observation 11 the ECO
normalised or returned to pre-exercise level,

The absolute diagnostic criteria followed
by us in stress tests (2) are:

2. T sagging/horizantal depression of 1 mm o
mre.,

b. ST elewation with upward convexity of 1
A O e

¢. 5T downsloping depressiom of 1 mm  or
more.

d. ST displacement as zbove associated
with  precordial dizeerafort /pain and
giddiness.

The following findings during or after the
siress test were considered necessary for
follow=-up evaluations:

2. Fall of siystolic blood pressure.

b. Cornplaints of giddiness and retresternal
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dizcomfort without sssocisted changes in ECG
recorded serially.

. Slow upsloping ST depression of mare than
1.5 mm.

d. T wave changes without associated ST
depression.

¢. Deoasional supraventriculae fventricylar
ectopios during the exercise, decreazing with
exergise, and not aszociated with ischaemic
ST depression.

f. Changes n magnitude and confguration of
GRS complesx.

Results

A  total of €85 subjests underwent this
study. They inoluded 426 officers, 198 airmen
anid 61 oivilians. There were 12 fernale
subjects, all of them civilian. The subjects
ranged betwesn 26 ysars 1o 52 years. Detalls
of the subjects are shown in Table |

The provisional disgnoeses prior to the
stress testing were a5 shown e Table |l
ECG abnormality and IHD  accounted for SE29
of the 683 cases. There were 25 cases of
hypertension and 21 cases of diabeles
mellilus, Fifty apparently  normal subjecls
whoe were exercized o evaluzle Aheir
cardiovaseular fitness were 2130 includsd.
Out of the 12 women, four had ECE
abnormalify , s HD, and  one each  disbelss
mellilus  and hupertension. Aroong the 147
airerew  evalualed  with stress tesis, 101
hiad initizl dizgnoziz of ECG sbrormzlity, 31
of IHD, and five each  of huperfension and
dizbetes meliitus whereas: Tfive others
were Cnormals’ evalusted for cardiovasoylar
fitness.

Clinieal evaiuation and relevant
haematological, biochemizal and  radislogizsl
investigalions, prior o stress tesiing, warse
within nermal imils in all cases ewcept for
the expected changes inwazes of hypertension
and diabetes meltilus. BP recordings of the
hiypertensives were Tound o b2 well under
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cantrol with specific drug therapy 17 of the
25 hgperlensives were redeiving diurstics with
salt restriction and  the others methyldopa,
Mome  of  the hypertensives had any
cardievasoular cornplications oF target organ
invalvernent. Out of the 21 diabetioz, seven
cazes  were overweight in swhor the  mild
diabstic  state waz controlled on distetic
raztriatian enly, whils tha atkers  had
maderate diabetes FequIring aral
typaglycsernics  along  with  diet contral for
stabihization. Mone had any complication or
target argan nvolvement.

The ECG  findings at rest and after DT
prior bo stress test on TM/BE, are shown in
Table UL Among the 273 subjects of lhe
ECG  Abrormality  group, 231 had slow
upsloping ST depression  following DT, 74
gases had T owawve inwverston  either in Hmb
leads  or noone of the augrented wnipolar
Teads and 24 cases showed T inwersion in
the anterier chest leads. In T et
supraventricular ectoplos were seen in 135
cases, and  occasional  wventriodlar ectopies in
9 cases. Besides these ECG Tinlings, this
qraup had v ather olinical, bischernical or
radiologiesl sbnormality.

il HD  cazes  were asymptornatic;
stabilized and wnder follow up for periods
varying belween © months to 1.5 years.
Mone of  them  had ary cat disvascular
complications o biochemizal or  radiologica)
abriormality. ECG zpalyzis had shewn 128
cazes to be of asymplomabic IHD, 28 cases
of  corenary  insufficiency, 27 cases of
subendocardizl infarciien  and 23 cases  of
old transmural infaretion (Takle W) 57 of
them wWere on  Caronary vasedilator
therapy, =2 female  subjects were old
sibilized  cwzses of | trapsmural infarction,
five of dhem being  wunder treatment and
were subjected to stress tost for assessment
af treatment.

DT was  perfaormed by all the &85
¢3507 a5 3 soreening  test prior to the stress
tesi, MNong showed ischasrnic or  horizontal
ST depression fullowing  the DMT  exercize.
4T gazes showed  slow upsloping ST
depression of mwre than Q.5 mrm, 132 had T
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Table-1
Details of Subjects

Group Age (yrs) Sex Total
Range fover age Male Female
Ground Duty Offfcars 27-52 3685+76 279 = 273
Ao e 26-49 F43x84 147 = 147
Arrnen 29-44 3F55+64 198 - 198
Civilians IT-55 304+68 49 12 &1
Tatal 673 t2 695
Table-11
Provisional Diagnosis
Dagnosis Adrorew Ground Duty _ Civilians Total
Dfficers Alrmen Male Female
ECG Abnormalily 1o 52 114 2 4 313
[HE 31 {06 63 10 = 216
Hypertension 5 12 & 1 1 25
Disbetes Mellilus 5 & 9 . 1 21
“Harmals' ! 3 & 36 - S0
Tatal 147 279 198 49 12 &85
Table—11
ECG (Resting and after DMT) Analysis
SGroups
ECG Changes ECG Hyper— Dizbetes Total
Abrormality IHE tension Mellitus “MNormal®
Tinversion NLIIR, aYF aVF(R) 74 41 7 [ 4 152
Tinversion VI1M¥2M3 24 23 2 5 2 54
Infrequent exirasustole (SV) fe! 24 i 1 T 58
nfrequent extrasystole (V) 3 22 = - = 31
Slaw upsloping ST depression »> 05 mm (DMT) 231 [4=] = 11 - 45
Mo deterioration after CIAT = 28% = 2 z7 =i
Total 3 215 25 21 S0 (]
* Stabilized on drugs
Avialion Hedicine 31(1), Joue 1987 29




Table=1¥ ~
IHD Cases - ECG Diagnosis

Total

Cazses

Positive Stress Test

ECG Diagnosis On drugs Neton drugs Total | O drugs Mot ondrugs Telal %
Azyrnptornalic IHD 21 105 126 7 76 8% 658
Coronary nsufficiency 3 25 28 £ 22 24 8857
Subendocardial Infarction (ald) S 22 27 <4 12 23 251
Transmural lafarction (old)
a. Inferior wall B+2% 2 12 5 2 7 SE 5
b. Lateral wall £+ 2 9 4 2 & &5.6
¢. Anterior wall G+2E 2+ E 144 2 z 11 TaD
Total 57 159 216 31 123 154 71.3
* Fernale cases
Table-¥
Heart Rate and Blood Pressure Recordings in Stress Test
Farameters Resting Peak Exercise FPost Exercize
Heart rate, bpm TS5 2 845 164 26 £ 841 8251 £ 763
Sy stolic BP mim Ha 14251 % 754 178222 1025 141 61 £ EE8
Diastolic EF, mra Hg £4.26 £ 221 E225x 433 B4.604L T L
Exercise duration, rin = 1663+ 224 Q42
Table-¥1
Termination of Exercise
Fercentage of Maximum Heart Rate
Diagnosis 100% 55% To-85% BS-T7528 Total
Mo (%) Mo (=) No (%) Mo (B) | Cases
ECG Abnormality 324 (255 22 (589) 19 (509 B (Zi44) 3Z7E
HD 0 = 197 212 17 (750 2 [0e:n 216
Hypertension ¥l (44.00 13 (5z0) 1 (400 o = i
Dizbetes Mellitus 1 (47 86) 11 (52.4] 0 £ ] = 21
“Marrmals! 44  {83.00) 5 £100) 1 (2@ Q - S0
Total 357  (565) 248 (35.2) Zz  (5.5) 10 (148) &85
30 Aviation Medicine 31(1), June 1987



itirg

frversion  dn Yk leadsdauamentsd  unipolar
lpads and 54 oases had isolated T inwersion
in chest leads at rest without any further
deterioration in the post-exercize ECG
recordings. S8 cases  showed  resting
infrequert supraventricular ectopics and 31
cases had oceasional wveniricular ectopics,
persisting in the post-DHT ECGs. 83 cases
(27 ‘rormals’ and 28 cases of stabilised
MBY had ne deterioralion from the resting
record (Table |1

Curing the period of study extending over
siv years, 792 siress tests were done on
£85 subjects . Most of the tests (638)
were performed on the  bioycle ergometer
and erly 120 tests | on  the treadmill
Many gases,  ineluding sirmen, eivilians  and
thase showing normal  stress test on the
first occasion, were =zubjected to only one
test, Only those showing abnormalities, that
too arnona the Al Fores officers including
alrtrew, were evaliated twice ar more while
haing under fallaw-up.

The mean wvalues of heart rale, sustolic
and diastolic blood pressures and  the mean
duration of exercise are shown in Table V.
The mean peak  heart rate achieved was 164
bpm, The systolic EF during the exercisze
showed 2 consistent trend of rise, the mean
peale walue being 172 rm Hg, There was no
significant change in the valuss of  diastolic
BP during the eweraise The mean durstion of
exercize in thiz =zeries waz zhout 16 min
whereas the post-exercize- ECG evaluztion
wag done at 9 min after exercizs n all cases.

Table %! shows the grades of exercise

garried wut. 89 subjects  were able to

perform the exercise up to  maximal heart

rate (MHR), 86.8% of them being cases of

ECG abrorrmality, 248 subjects (197 from the
HD group) achieved up to £5% of MHRE. 33
cazes had {0 be discentinued from  further
exercise prior to achiswernsnt of  target
heart rate because of severzl  reassons
(Table Y13, The main causes of premature

disoontinuation of  the test were fatigue znd

crarnps of leg (S2%), dizgnostic ischaemic ET
depression  before achiewverment of target
heart rate (24%), arrhuthrmias deteriorating
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with increase of exercise (10%), giddiness
(9%) and retrosternal pain (Z%). The two
cases who developed chest pain were froni the
HD  group and  showed  ischasmic ST
depression al the time of the complaint,

Fozilive Strege Tegtg: ECO analysis during
the siress test and In the post-exercise
period showed positivity Cischasmic gT
depression) in 273 cases (39.8%) inoluding
five out of the 12 female subjects (Table
VID. 713% of cases of WD, 72% of
hypertension and 38.1% of diabetes showed
izchaemie ST depression during the stress
test 23% of the ECG Abnormalily group also
had pasitivity suggestive of IHD. Seven (14%)
of the ‘normal’ subjecls were detected o have
positive test

Equivocal ECG Findings: ECO  findings
not  amounting  te definitive diagnosis of |HD
during the stress tesl are listed in Table IX,
126% of the ECO Abpormalily group and
16.2% of the HD group showed these Nindings.
Three cases of hypertension, four of disbeles
and two ‘normals’ also had nonspegiric findings
during the stress test requiring follow-up.

Ajrorew: 147 airerew were subjecied to
stress test, Out of the 101 ocases with ECO
abnormality, Z0.79% showed fschaemic ST
depression during the manimal stress  test,
wheress 41 9% of  the 31 airarew with [HD
showed positivity during the stresz test. Two
ezch from the groups with hypertenzion and
dizbetez mesllituz were found to have evidence
of B, whereas nong of the five “normal’
girerew showed abnormality during the stress
test evaluation,

Discussion

Exercize stress testing for cardiae patients
has achieved great diagnostie accuracy singe
its ineeption 50 years age (1), thanks to the
medern developments o medical electronics
fagilitating  Taultless  on-line multiple  lead
ECE  recording  and simultanecus computer
analysiz. Severzl epiderniological  follow-up
studies (s and  gorrelative coroenary
angisgraphic studies  (8) have provided
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Table-VIl
Causes of Diccontinuation of Stress Test

Causes ECG Abnormality  HD  Hypertension  Diabetes Mellitus “Morrnalst  Total
Freacordisl pain = 2 = = - 2
Diagnostic ST Depression " 9 2 i 1 24
arrhy thmias T 3 - - = 10
Giddiness and Fall of BF 5 2 1 i ~ 9
Faligue, Leg Cramps 26 3 10 E ] 33
Total 49 19 13 (R & 98
Table-¥Ill
| Resulls of Stress Tesis
Ciagnosis Total Positive Test Doubtful Resulls
Cases Male Fernale Total tale Female Total %
|
| ECG Abnormality 373 g4 2 g6 230 47 - 47 12,6
IHD 216 151 3 154 713 33 b4 5 16.2
Hy pertension 25 ig - 18 720 z - 3 120
Diabeles mellitus 21 8 = g 381 - - 4 19.1
*Normals’ S0 T = 7 140 2 - 2 4.0
Total 685 268 5 273 398 g3 2 91 133
Table=I¥
Siress Test Findings Requiring Follow-up
(niot associsted with ischaemic ST depression)
ECG Abnormality Group IHD Group
Findings Peak Past Peak Post
Exertize | Exercize | Total Ewercise | Exercize | Total
Slow upsloping ST depression *1.3 mm 28 13 4| 25 i3 28
5 drrhy thraia (SYE VE) 3 5 7 3 3 3
; Tall T rraves 22 13 24 21 7 22
T inversion = & 4 - i O
Inct-ease in hetght of R wave 2 a 51 W 17 45
Giddiness with 1all of Systohe BF 1 = i = = -
Giddiness without a1l of Systolic BP 4 = 4 2 = 2
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documentary evidence of high sensitivity and
specificity  of this  commenly employed
non~invasive  test. Submaximal and rnakimal
tests done by graded multistage treadrmill and
bicycle ergometer exercise lechniques have led
to specific diagnosis n ECG abnormalities (7
and also predioted grades of rehabilitation in
palients with stabilised dischaemic  heart
diseases (8,90

The present study shows that 3 large number
of subjects (77%) did not shaw categorical
findings of HD during the maximasl stress test
or in the post-exercise period. A few had
nonspecific  ST-T changes andd were
recornmended follow up evalustion. Thus, 3
large number of the subjects including efficers
and asirorew have been oleared and returned
to their respective duties (ground duties/
flyingd. 23% of the subjects with
nonspecific ECG abnormality were delected to
have IHD on stress test and have benefited by
institution of specific coronary vasoedilator
drugs.

Cases with IHD were invariably subjécted to
submaximal level of stress iest. 71.3% had
shown persistence of positivily instress fest
and were advized nitiationfincrease in  the
drug therapy. 35 of these who did not have
izchaemio §T depreszion during stress 1est had
shown nonspecific ST-T changes during the
siress test evaluation reguiring Turther follew
up. Thus, only 27 subjects (12.5%) with IHD
were Tound to be well stabilised and controlled
permitting  further upgradation of  their
medical categories.

The nurnber of cases of huperiension and
disbetes mellitus subjeoted to stress test was
comparatively small. The resulis  of the
maximal stress test in them, however , showed
significantly greater positivity as compared to
the normal group. V2% of ihe hupertenzives
and 38.1% of lhe diabetics had evidence of
HE, whereas 149 of the mormals showed
isghaernic ST depression following  the
maximal exercize. Thiz figure appears lo be
high as compared {o prevalentce surveys which
show presence of HD in 453 to 654 per
thousand ameng males in Indiz (10,113 The
reasons for this higher incidence may be that
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{2} the nuriber of subjects studied in this
series 15 wery small, and (b) these subjecis
have been evalused with ECG analysis during
maximal exercise test unlike most of the
surveys where resting ECG was the basis for
diagnosis.  Among the findings requiring
follow-up, slow upsloping ST depression of
more than 15 mm has been detected more
frequently in our series as compared to changes
in magnitude  and configuraticn of T waves,
alteration in the QRS womplex and occasional
supraveniricular  or  ventricular  eclopic
rhuthm. Slow upsloping ST depression al peak
of exercise ig still considered lo  be
controversial, though the recent trend is 1o
consider this as non-diagnostic and Teading to
false positive results (12,13). The finding of
significant increase in the height of R wave at
peak exercise is also considered a significant
sheervation and is asespted to be an imporiant
disgnostic index when associated with €7
depression (14).

Among the 147 alrerew evaluated by stress
test, 101 had ECG sbnormality as the
pre-exerpise disgnosis. Posilive stress test
resulted in the disgnosis of asymptomatio IHE in
over Z0% ¢f this group, and thus almost 80
of aircrew with ECG  abnormality  were
cleared of the suspicion of HD and  were
upqr sded to  higher medical categories
including fitness for figing. 41.9% of the 31
aircrew with IHD were found to  have
persistent ischzemic ST  depression during
stress  test  requiring initiation/change  of
specific drag therapy. 491% of the airorew
with IHD wers permitted upgradation of their
medical categories, ncluding restricted filing
for thoss with asymplomatie HD.

The stress test is thus found to be a
useful and  informative investigation  for
evalustion of service personnel, particularly
airerew, with asymplomatic ECG
abnormalities and stabilised ischaemic  heart
dizease. Being a repetitive  non—invasive
procedure, i should be employed wherever
necessary  for evaluation of doubiful ECO
sbnormalities for speedy disposal a5 well as
for assessment of cardiovascular status in
stabilised WD with a view 1o provide
appropriate therapy and rehabilitation,
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