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I TAKE thisx apportunity 1o pav homage 1o the
memory of late A Marshal Sulvoto Mukerjee who
through far-sight, high ideals, exceptional professional
shill and personal qualives wortly of being esulated,
carned Tar himsell and lor our Air Foree the highest
respect at and international
levely, T next offer my congratulations o succeeding
Service and Medical Air Foree authoritics for
wenderful munner in which they have continuously
steivent to mect the developing challesges of time,
They have thus attained the present ligh levels of
eficiency in svrvice, health and medical care. Lasly,
I thank the Aeromedial Sociery for the honour done
to me by nominating me o deliver this yvear's Subromo
Muker jee Oration,

and  esteem national

the

Cardinyvasenlar the topic of my
address, have stieadily growsn dhrough the recens
decades to the present disturbing level throughour the
world, The magmitude of their threal, w highls
skilled persens in general and o the aircrew in parti-

cular, has been universally recognised

problems

In this deve-
loping pattern, the esplosion of knowledge in the
ficlds of science and technology has acted 33 a2
double-edged weapon., O the one hand it
enabled rhe aeronautical engineers to produce succes-
sive generations of aircraft with bener performance,
continuing refinement and progressive sophistication.
The :-ﬁzt‘., the HPDTRIA e

has

the vperational speed.

altitude and the impressive array of  elecironic
devices in the cockpit bear ample testimony o
their achievements,  lonovations 10 cndow rhe

machines with zpocial capabibities tailored to specific

A, Waleha "\'1:-|||_;_ Mooy gl

JUNE (W8

civilian serviee rales have opened
As an
inescapable by-product ol these developments,  the
enduranes have

The

hazards from actions lacking in judeement, specd ar
= | ™M

needs n aniel
up new vistas lor the contemporary aircrew.,
health, aleviness oo

standards al

progressively become more and more exacting,

accuracy i execution have teernendously increased,
The cumulistive ellect ol these developments has been
to make the task ol the acramedical aurhorities more
challenging, complicated and demanding,

Chig the other had, the tremendous advances in
medical eleetranies and hin-medical engineering have
helped the arromedical authorities in getting u clearer
understundivg ol myvoecardial [unction and  hacmn-

dvnamic phenomena at rest, uneder sivess and in
varous dhisease states,  Detection of disease  and
dvsfunction has been made much more sensitive

The role and
outlook of the medical sciences have been revolulioni-
sed frowm “*Meeting thie Catascrophe™ o “Preventing
In the contexr af rhese develnpments,
eomsideration of the incidence of cardivvascular prob-

—their evaluariom miich mare accnrite

the Incident™

lews, our machinery and methods of dealing with
them and suggestions for modifications in the light of
advances.in the developed countries provide ample
food for thought.

Incidence

A reasonable estiipate ol the mmcidence can he
made by consideration of chree paramerersi e, haspital
admissions, nvalidment from service and mortalily

dutu.



Hospital Admissions

In 1372, the total admnissions to hospital on acco-
unt of ischaemic and other heart discases was 2.4 por
thousand,  This corstituted approximacely 3% of the
tatal admissions on uccount of prevenrable medical
diseases including stress and metabolic disorders,  In
1976 admissions for cardiac and preventable medical
discases were 2.5 per thousand.  In the imtervening
threee vears oo, there was no stavistically siwnilicant
difference in the pattern of adipissions—the cardiae
condirans accounting  for nearly 3% of the total
medical disenses specified above,

Tovalidment

No Alr Force OfMeer was invahided from service
o1 Aacoount ‘f]- 1'][:]‘:‘]['|'|'|'i|' 0r l"lr!“'"l' cardine  discases
during the five yeurs period, 1972t 1076, In respece
al the airmen, however, 4.3 per cent of the unpual

invalidment was doe 1o curdiovasculipr diseases,

Muaortality

Lo 1972, amongst Oificers, 83% of all dearhs
conditions wore due 1o schaemic or
The higures for the succecding

ILI'I'II I [IH.:'[”{:H.J
orher heart ihseases,

lour yeurs were as Jollows :

1073 754;
1474 88%/
1975 100%
196 1005

It istrue that the numbers were small as the
total deaths during any of the years under considery:
tion did not exeeed 9. The high component of the
cardiovascular  diseuses, meritg  careful
analysiy and stringent remcdial measures.

Lhiowever,

In respect of the airmen, in 1972, cardiovascular
disedses accounted for 50 of the toral deaths from
medical causes,  The figures for the four succeeding
years were 0, B35 44 and 40 per cent respoctively,

It is reasonable o conclude from the zbove dats

thar :
(a) admissions to hospital and invalidment from
servive need not cvoeke any serious concern.
() The morwality figuies for the ainmen have
shown a significant fall during the past wo

yvears., Thev, however, still remaie in the
zonc which should net .be considered as
acceplable,

Ischacmic Heart Disease

It s generally wsgreed that rthe single entity
causing majur pertion of morbidity and mortality atoi-
butable to the cardiovaseulur group iy lschacmic heart
disease presenting as sudden death, angina GG abner-
meatity, aechyibiomia, Tailire ar various ollier syimptom
vommplexes.  Active and elleclive control ol fschacmic
heart disease, therefore, forms the core of any plan
wr programme for proventing loss of man—-puwer or
man-honrs through cardiovasculur disorders,  High
Index of suspicion, enerpetic preventive measiares,
mcluding  edocation and fallow up of risk (actors,
timoly therapy and ellective rehublilitution have paid
tich dividends in the past and offer considerable hope
for the future.

Early Detection

Finthoven's discovery ol the  Electrocardiograph
i the beginning ol the current century provided o
sensitive tool for objective assesstuent of the ischae-
mie episodes elinicully  described by Heberden well
over g cenlury earlicr,

Routine ECG, has, however, not proved an une
mixed blessing.  Undue auention o minimal devias
tions From the aceepted normy has produced a number
ol cardine neuroses anel lod o unfair tormination ol
theflying carcer of healthy and highly skilled aircrew.
Failure 1o detect changes in the areas beyond che
range ol the electrodes or senaitiviey of the machine
have had tragic consequences, Despite all precuu-
tions, the sensitivity and specificily of the EGG have
remiined controversial, IL i universally agreed, how-
ever, thar despirte irs limitations, routine LOCG exami-
naran and its refinements are of unquestionable valug
if the *“*cost"’ of wraining of aircrew  is kept in mind,
The Canadian authorities insist on it even though  che
rejection rate on Lhe Lasis of ECG alone 18 around
0.53% ouly.  Ina careful study onder anspices of the
Armed Forecs Medical Research Committee, analysis
af 5,000 suceessive electrocardivgrs ms ol asymptomatic
Alr Fures persounel showed possible inchaemic pattern
in 1% and non-specific ECG abnormality in 2%,
Considering that it takes 6-7 years intensive training
at a vust of 67 lakhs of rupess before a new entrant
hecomes a fully eperational pilot, ECG screening is
vital not only for detecting unfit cases bur alsa tao
provide a base-line graph for Muture reference,  This
= in conformity not only with the policy of rhe
Uanadian Authorities but also with the consensus of
world opinion.
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Stress Testing

Published reports vn the scope and lmirarians
ol Stréss Teating have hoen very variable and often
conllicting,  Borer ard Brensibe, Martin and Me
Conahay, Redwood anmd Borer [mom the National
Tnsutnce ol Fealth reported very poor correlation
belween the stress lest sesults and the degree of coro-
nary artery involvement.  The methodology, criteria
wd  conelusions of these sworkers have been contested
an several counts. On the other hand, Zohmann
aned Kattos ar the Medical Cenwre, Cardiac Services
found siress testing  very sensitive and specific in
They

oon-

pvalnating cages of coronary artery  disease,
recommended maximal stress and collective
sidderation of clinicul, hatmodynamic and ECG data
in evaluating doulitful cases,  Bactel and colleagues
abilained positive siress tests electrocardiograms in 77,
66 and 53 per cent ol cases with three, 1wo and one
coronaey. artery discase respectively,  Elesrad and
Hulliday consider thar, though by no means perfect,
the technique of Stress Testing is ar this time the
single, best, non-invasive method lor establishing the
presence ol coronary artery discase.  They lound it
positive in B0, 75 and B3 per cent of those with three,
two und one vessel discase respectively,

I our Stress test laboratory ar Army Hospital,
Pelhi Cantr, we took note ol both points of vicw and
underlook as objective an evaluation as possible. Afier
the first fne hundred consecutive tests carried sul on
70 patients we were impressed by the value of this
investipation in assessing cases ol coronary artery
disease, We also drew attention to the advaniages of
the technique on the one hand and irs pirfalls and
sources ol cerror on: the other. During subsequent
tests earried out alone or for comparative study with
ather techniques e.g. hypoxic exercise test, transtho-
racic impedence plethysmography, plasma fibrinolyic
activity, we  consistently encomnrered  fprossive
realiability, sensitivity, and specificity. Cver 1560
successive tests carried out on cases closely followed
up during the past four years, have enabled us to
confidently stare that we are in gencral agrevment
with the views of Ellestad and Halliday ie. Stress
Testing carried out with due precautions, is a very
valuable uon-invasive techniyue for establishing
the diagnosis and for predicting  the prognosis in
pases of Ischaemic Heart Disease.

Electrical Tmpedance Plethysmography :
Hasie Principle: Tt has Leen shown that the
conductance of biologic tissues depends upun theis
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iomic content.  As the number of inns contained in a
known volume of water iy constant, it is theorcti-
cally pussible to determine the volume and {luid content
aof tissnes interposed in the path of current of known
specifications.  The  technique  actually  employs
alternating current and measures the drop in veltage
due to the resistance (impedance) of the intervening

stripctures.,

In vur studies in the initial stages the fixed impe-
dance (Z0) was measured,  Subsequently, however,
the first derivative of the impedance wave form
idarde) was studied in detail and fannd vory uselul in
evaluating cardiac funiction, huemodynamie statug and
fluid content of various organs/comparbinents, Qur
expericnce in respect of both  parameters is hricfly
described n succeeding paragraphs,

Transthoracic Elecerical  Impedange. [T —70,
In one sindy of hewnodynanie changes on exposure
to high altitude, we found thae serial  estoalions
of TEl were very useful and dependable for carly
detection and lollow up of cases of bhigh altitude
pulmonary edema.  The physician was alerted
laak carclully for changes in the thoracic fluid valume
by a drop in impedance. Gonversely return of
impedance wwards normality was shown (o parallel
improvement in the clinical condition and heamo-
dypamic state of eases ol high altilude pulmonary
edema.

It will be recalled that pulmonary congestion
resulting  [rom left wventricular dysfunction has been
demonsirated in cases of ischaemic hoart disease
during anginal attacks. It was, therefore, considered
that on theoretical grounds, changes in TEI lrom
the resting fizures should give some clur 1o the
alterations in eardiac [unction and haemodypamic
stalus.  ¥We, therefore, carimated TEI in the lollow-
ing three groups |

(g) MNormal Controls 90 suhjrars
(k) IHD with angina during

arressy (esting. © 15 rases
(¢} Asymotomaliv cases with

diagnostic 8T depressiou
during srress testing. 17

It was phserved that in normal healthy conirols,
the TEl showed either an insignificant [all or a
moderare rise as the siress test proceeded, There was




immediate normal levels on cassation of

BHOTCILE,

return o

In cazses of ischacmic heart discase, the TET
dropped steadily and significantly us the execcise
progressed.  On cessation of the exereise, the TRET did
nat return 1o normal immediately.  The changes in
the cases who developed snginal  puin during the test
were more profound and longer lasting than in thase
who developed asympromatic 5T depression.

In sulsequent comparative studies of the Hypoxic
stress Veet, the Subomaximal Lxercise Test and TET
we Diave beéen mpressed Ly the reliability and re-
peoducalility o this simple,  safe, non-invasive bed-
side teahnique,

The Wave Farm (dzidi) - The first derivative of
the impedance (wave form) closely simulates the
carobal pulse. T stmultancous recarding with the

FCG and the phonscardiogram  aflords  réliuble
data for computing the stroke volume, ecardiac
output amd syseolic time intervals thereby  giving

imparrant  information  regarding mvoecurdial cone
tractility  sod huemodynamie stats, Tnoour experis
ence these data could he altamed from the impedaner
wave Tarm with greater ease, speed and  acuracy
than fromn conventivnal technigques like carotid pulse.
It ix generally aprecd that there is acceplable corcelus
tion between these non invasive data and thase ahram.
ed directly (hrough the invasive rechmgues.

lWeterence to literature on the subject cshows that
Chung’s 1976 edition of “*Nendintvasive Cardisc
Diagnosis™, Michael Crawlord’s list of non-invasive
techoigques in Muarch, 1977 issue of Angiclogy and
Zohmann's article on Srress l'esting in the Auzust
1977 issue of American Journal of Cardiology do nor
mention TEIL as a diagnostic non-invasive technique,
Frowi ether cenires too reporis are few and the sample
gize small.  In onr opinien the wechnigue is uselal and
particnlarly suited 1o our resources and FOOuiTEments.
1t merits being explored Turcher,

Other Diagrostic Technigues

Continuons  ambulatory ECG monitoring  has
heen helpful in establishing the diagnesic of ischaemic
heart disease i some cases in whom resting and stress
elecirocardiograms had been negative or cquivecal.
Radionuclide imaging may demonstrate alterations in
mygcardial perlusion ar rest and after exercise. The
technique of gated blood pool scanning has heen

i

reported of value in showing abnormal martion of
ischacinic felt ventricnlar wall, 'The standurd M-
Mode Echocardiagraphy and ils various refinements
can be used lor a closer study of selected areas.
Videotracking of the cardiac silbouette has Leen
reported to be more elfective and convineing than the
routine [Tuorvscopy.  Displacement eardiography has
been recently introdnced as a simple, sale,  casy and
non-invasive technique for study of myocardial con-
tractility. The lechnigue is still under teinl bul
appenrs to be pramising.

In the invasive field,  cardiae ealheteriyiion
ventriculography and geleclive eoronary angingraphy
are being wed in selected cases especially the candi-
dutes for coronary by-pass  surgery.  There s,
however, legitimate apprehension abour advacaring
these techuiques lor determining **litness Lo (lying.

Diispusul

Bruring the period Oet 753 o Dee 79, 82 Officers
arecres and 9 growed duty ollicers wepe referred Lo
the Lot of Seni/Chiel Consaltant in Medicing to
the Armed [orces for opinion in reipect of diagnosis
and/or disposal. OF these 18] cases, 12 were awareded
full (lying calegory, 14 Tull ground duries and 45
restricted fHyine caregary. The groups awarded (lying
categories may now be considerad briefly,  Soventoen
officers were awarded Category A%, Bleven of them
had FCG abnormalicy as follows .-

WEW Svodrome — 4
VEA C— 8
Vi == 7
Nom-speeific T wave changes 3

OF the repainder,  one bad mild mirral regurgi-
tarion, the other five had THD,  Omne of thiese ©THD
Cases' prsed & problem by victue of Lis histary, find-
ings and progress. A heavy smoker eomplamed of pain
in the sternal regien and cough.  His ECO showed
VECs. The admitting MO iuterprecred the chest
pain as anginal. The pain and the VPCs cleared up
oir stopping  smoking. and  therapy for mild chest
infection.  Subseyuent Investigations including stress
testing and studies in hyposic chamber failed 1o reveal
any abnormality, Higher category was, however,
withheld o visw of Lhe initis] diagnezis of anging wnd
the YPCz. Thiz may he cansidered asa case af hared-
ship ol fatrogenic origin. L the absence of coronapy
angingraphy, howewver., a firm stand, could nor
be taken.
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Drring the same period, eight Air Force Officers
were tupgraded 1o medical category  A2GL1. The
diagnosis was LI in %, VRA in ¥ and Hypertension,
WPW Svndrome and EGG abnormaliny in one each.

Nine Air Oihcers were awarded wedical category
AlLGL. Umeolthem had RBBE, mwo VRA and one
o short PR abnormal GTT.
Murked clockwise rotation was the only ECO alior-
mality in another case.  He sulseguently developed
a mediasting] mass doe 1o sarcoidosis. Silent ML
nem-specitfic LG abnormality and Qs were observed
These cases have Leen clogely fall-
pwed up lor 3-4 voars. None of thom has showao any
sympatoans, deterioration of BCG pattern or of cardio-
vascular status, An interesting case was thar of an
Adr Clicer who bl been under observation for labile
hypertension and a emall q inleads 11T and aVE,
Alter o cleun record of nearly ten years. he complai
ned of pain in the chest, He was immediately groun-
ded avd  hospitalised,  After thorough investigations,
he was Tound fit and returned 1o diny in category
AlGY,  'Phis officer lias been lying  sinee his original
exammination in 1960,

in ussociation with

in one case cach,

{Jee V3 may be considered as an important mile-
stont:  in our  programme ol accurate  dingnosis
and evalaution of cardiae cases. The entirc schedule
was sireamlined and made as objective as possible,
The investigations were multipronged e, clisieal,
laboratory, stress testing, hypoxic exercse fesc and
impedance plethysmography.  Ollicers conducting
investigations in one ficld were nat aware of the
findings ol the others. Ultimately, however, all data
were callectively considercd and evaluated.,  Diflere-
nees were resolved through reconsideration, repear
txamination or Marther obsérvation, This programme
was well conceived as iz borne out by two mportant
lacts nmong others :

i) None of the faral cascs mentioned earlier
had been cleared by this sercening regime.

Ounly one of the cascs upgraded on the
recommendation of the screening machinery
had to be downgraded wguin. The initial
diagnosis in this case was EGG ahnormality
with VRA and purtial response to heta
Llockers, Al other cases have maintained
their progress while functioning in the
allotted category,

(h)
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In all our decisions, the principle consideralions
which weighed with us wlfi-
vicney and salety of crew, passengers and property,
Clur interest and involvement in Lhis vital problem
is shared by specialists in the field all the world over,
‘T'he American Callepe of Cardiology  devoted two of
the  annual Conferences 1963 and 149¥5 to
topics related to cardiovascular problems  and air
The highlights of these vonlerences wera 1—

were  operational

L in
sulety.

() Recommending lmitations,

k) Recommending indications for re-licensing

ol wircrew with cardio-vasoular discases,

(¢) Dizeussions of invasive and  non-invasive

dingnostic techniques.

Re-gvaluation ol criterip in respect of non.
specific abnormalities previeusly considered

()
{51‘.‘({'!11[!“"‘,‘ ing.

The consensus was in faveur of the Canudian
poliey which accepts base-line LCG as essential ;
recommends prepacation of risk profiles and inclusion
of active health educution of aircrew a4 a part of the
preventive programme.  They  encourage  Stress
Testing but do not ground aircrew on the basis of o
positive stress test alone.

In respect of Hisk factors, KENNEL's study is
very instructive. He has shown that when the risk
factors rose fram | o 3, the morbidity increased
from 70 to 322 in the 400 subjects studied,

In aur own Alr Force, the policy in respect ol
risk factors has been laid dawn and other measures in
operation since 1975, Family history; smoking and
other aspects of personal history: results of physical
examinution, especially weight and blood pressure;
the lipid profile and glucase tolerance have all heen
given due weightage,  Steess Tests have been carried
oul whren necessary.

In respeet of disposal, our policy is in agreement
with permitting RBEBB and thiazide intake provided
cardiovascular disease and dysfunction have hoen
excluded, We. however, do nol contribute to the
Canudian line of thinking and have not cleared any
case of REBEE for flying. QOur approach in this respeet
5 in general agroement with (he comsensus on the
subject. In cases of congenital Heart discase and
acquired aortic valvular disease we are more cautious

7




antl conservative than the Canadian authorities. W
have, however, not had any zuch cases fur disposal.

In the context of the prevailing conditions,
therelpre, it is eearonable 1o sum up the requircments
as being study of the causes, the course and the risks
from cardiovasculur problems. A safe logical and
workable solutien 1o these problems requires strier
sereening of new entrants, employing rigid criteriu,
and classification or climination of those found unfit,
‘The preventive mearres should aim at identificarion ol
risk factors and education and (ollow up of concerned
perstmnel in the light of their risk profiles.  Thera-
peutic measures shonld include active and encrgetic
rehabilitation to speedily restore the Aving stetus
to the aircrew, subject 1o flight cafety and operational
elliciency,

Sugrestions

An investigutional  programme  bused  on
multipronged, objective and unou-invasive methada-
logy should he developed on u ficer fonting.

The requirements of equipment and  trained
personnel may be worked out in the light of curremt
developments in the ficld, the present holdines and
their lifefserviccahility,

Base-line and Ptl‘indil ECG shiould Le contl-
nued in conformity with the world consensus and our

vwn experience, All ECGs should be seen by at least one
specialist trained in the technique and methodology,
The logistics in respect of number and location of the
wachines/technicians will have to be warked s,

Conclusions

[ lirmly believe that in the conditions prevailing
today, it s nor possible (o provide a first rate Aero-
medical Service without  judicions and intelligent
application of the advances in the fields ol electronic
and biomedical eneineering, 1 Lelisve even more
hirmly, however, thet il in the puraait of Fascinating
and suphisticated madpets we lase our clinical ability,
humane approach and o wlose link with the men we
lhave the previlege to have inour charge, the oulcome
will he rerragrade,  tragic and potentially disastrons,
I am conhident that our medical colleagues will conti-
nuc to mect Lthe challenges confronting them with
able guidance, support anc Llessings ol administrative
authorities and through a halaneed admixtore of e
seience and arc of healing, make (he sepvige o step
better than the best in thie world.

This, o my mind, will he the maose belitting
manner of redeeming our debt o all these who gave
their lives in the sellless sérvice ol the Air Force and
the country and paving a tribute to thase who are now
rrying to maintain continuing progress through dedi-
cated and devoted eflorts,
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