Aerobiotelemetry from a Fighter Aircraft
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Abstract

F]RM dingnosis and fipal ssesment of aircrew
with abinormal clectrocardioprams (BLCGs) has always
been o vexatious: problem, LEven though there are
wany sophisticated nou-invasive wethods for assess-
ment of the cardis-vascular (VS and
evaluation of abnormal ECGs, all such methods sutler
from the drawback of being carried out in the luboru-
tory, different from the work environment, 1t is
this context that an air W ground telemetric system
vapable of transmitting and receiving ECCs in flight
was developed by one of us (Air Cmde 8P Verma),
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We have vsed this systemn and successfully recor-
ded ECGs from sixtern airhorne snbjects.  Eight of
them were “normal’ in all respects and cight had
tnop-specilic® ECG: abnormealivies,  The créw per-
formed a set flight manecuvre partern in all cases
while LOG was being recorded in the ground labora-
torv. The two groups of subjects were comparable
in terms af age, weight and flying éxperience,

Sinus tachycardia was the commionest abnor-
mality neoted, with T during + Gz
manotiuvres.  Supra-ventricnlar (SVER) and wentri-
cular ectopic beats (VEW) and S1T-1 changes were
also found in some. All these changes were trapsisnt
and eleared up as =oom as the + Gz manoeuvre was
stopped. “L'aking Inte consideration the mechanism
of thesé changes in ECG, we are of the opinion that
such changes are oniy physiological and have no
pathological importance,

inversion,

Introduction
EOC moeniloring of CVS for intrinsic heart disease
like ischaemic heart disease (THDY) &5 meaninglul only
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when it is done continuously [br al least o fow hours
if not for whole day®,  Such long term monitoring
has revealed many dangerous silustion oot ot all
picked up by routinely used BCOG studies ineluding
White!" was the first to record inflight
LCG of pilots to stady the eflect ol anoxin in
high alLlLlec llul]!H i Sevoral other worker g
have recar d ed the EOG ol piluts  Trom heli-
copters, lrsnaport and fghler aireeaft #0148 17,
Mozt of these srodies, where heart rate was the para-
meter of intersst, were carried wut un healthy pilot
vilunteers.  Brown! ot al have studicd two suhjocts
with midsystalic click/late systalic murmur syndrome
under inllight + Gz manveuvres 1o precipilate cardiae
arrhvthmias. The study that is presented here is
perhaps the first ever from a lighter aircrall wlere
the pilots with ECG ubnm‘malmu are rL.s'rLd under
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‘T'he two major problem arcas in the ECG assass-
ment of GVS arc Yi] assessment of known cases of
coronary artery diseases and, more important,
(7i) assessment of cases with non- sj;emhg S <1’ chan-
ges in the ECG recordings of asmvptomatic, healthy,
voung arcréw, This second problem is indeed ane
thzt causes much anxicty and arguish if arbitrarily
dealr with; ITnnvcfs.ﬂr} grounding or denial of
flving status for any ]EE_I..ELT of time are both und{*&:ra-
ble. While onc docs not wish to compromise Iight
safety, one should also malke effort to conserve trained
man power. Morale is an Jmpnrtant factor in our
military activities and m:htarv flving is no exception,

Materials and Methods

In the present study which was carried out during
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Feb-May 1978, 8 normal airerew and 8 “abnormals™

i.e, with nonspecific ECG abnormalities were used
as subjects, The ECG abnormalities of the subjects
consisted ol :—

(i) Isolated 1" inveried in L3, avl or avl.
{ii) T inverted or T biphasic in V2, V3, V4 or

V3

(iii} T inverted in L3, 3(R), avF Lut T upright
inavl (R)

{(iv) T flat in L3 but upright in L3(R), avF and
avF(E})

(v} ST depression less than | mm in post exer-
cise records alter Master's Exercise,

These eipht cases huve been under surveillance
lor averapge duration of 18 months.

All the sixteen subjects were not anly subjected
to thorouph and rigorous clinical and laboratory
expmination, they were specially sereened for 11D,
diabetes and any other recurrent illness. A carclul
history regarding smoking, alcolol consumption,
use o medication, habits of exereise, family bistory
of THD, diabetes und hypertension was also 1aken.

The laboratory tests included a peripheral blood
examination, urine analysis, standard oral GTT,
catimation ol cholesterol, urea and uric acid as well
as. an X-ray of Lhe chest. ‘T'he subjects were
assessed with the following lests -

{a) ECG atrest and after Masters Double Two
Step exereise B

(b} ECG duriog and aller maximel ar sub
maximal treadmill exercise

f¢y BCG during hyperventilation, fasting and
after a Clucose load during and afier valalva
MANAeuvre

{d) ECG under hypoxia at rest and after
exercise, during + Gz ina human centrifuge,
and oo tih—table

fe) ECG at rest and after exercise while on
drupgs, especially Bela Blockers.

Il at any stage any one of the above ECG record-
ings were Tound abnormal, the individual was
excluded lrom this study.,  Stendard and universally
accepted criteria were used to decide whether an
ECG under a set circumstance was normal or not,
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Telemetry System kj)

The Biotelemerry system used by us for recora-
ing ECG of apilot under actual Aying stress from
a fighter aircraft i3 outlined in the block diagram
{(lig. 1). Floating silver electrodes!? were used 1o
pick up ECG from the MX-5 lead position®. The
leads were Drought out and terminated in phonnjacks
for plugging inta the Encoder (fig, 2), carried Dby the
subject over his thigh pocket of the Hying overall (ENG
in fig. 3), The Encoder amplifies the ECG signal
and frequency modulates a sub-ecareier of 1| KHa,
This is essential as the communication irany - recelver
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Fig. 2
Freodder carcied by the subject with clectrodes and leadls termi-
nated in phonojacks plugged into the encader.



Fig. 3
Instrumented sishject sarrying the Encoder {ENC) over the thigh
rocker of his fiying overall,

fitted in the aircraft can handle signals In the speech
frequency range only and ECG iz of much lowe
frequency.  Frequeney maduolation gives better siznal
to-noist ratio than amplitude moedulation sysicms,
Foceder output §s fed w the transmitter (STH 89X
in the airerali, which radiares ima very high
freguency {(VHI} range through the znlenna mounted
on top obithe fuselage nexi to ADF antenna of the
aircralt.

The receiver in the ground station at TAM swhich
is tuned to the radiating frequeney of the aircralt
transmitter, amplifies and demodulates the VHF signal
and gives out the frequency modulated 1 KHz wone 10
drive the F. M. dizeriminarer. The discriminator
being sensitive only go the frequency variation of the
sulbcarrier eliminates any variations in the amplitude
due to neise or other factors and reproduces e

10

original ECG of the subject as sensed by the elect-
rodes.  This 15 recorded vn the ECG clhannel ol

pn] ygraph,

Provigion Iy made in the aireraft thraugh a minor
tnedification to have either normal speech communi-
cation with the ground station or transmission of LOG
on the same VH frequency. The subject bas w select
cither of the twe hy switching ONJOFF toggle-
switehes mounted in front of him in the cockpit, This
encbles the ground statinn to have conrinuous conlaet
with the subject and order remedial action in case of
CMErgency.

Ilight Profile

The monitoring lead in all the eases was MX 5
as discussed earlier. A resting tracing was recorded
before taking the airerew o the aireralt. He way
subjected o Master U'wo Step exoreise and  LOG
recorded with the mounitor lead immediately, 3 and 6
minutes uller the exercise, The subject was then
taken to the aiveraflt and ufler connecting the lead to
the Encoder, ECG tracing was recorded while the
aircralt was on ground;

Alter the aireraft was airborne the pilot staricd
reansmirring the tvpe ol aerobiatic manasuvee he was
preparing to undertake so that experimmentlers wern
ready on the ground 1o record he ECG during the
MIANACUYTe, A contiiwows EGG recording  wasy
obtained throughoul the sortie. BOG was continuosly
monitored by the physician on the yround, so as 1o
avoid any untoward incident.  The flight profile
follawed in each case is given below :=

fa) Climb from 5.000 fr to 153,000 £1.

(b} Steep turn right at 15,000 fe (Max. 5G)
() Steep mrn lefr at 13,000 fo {Max. 5G)
{d] Level flirht 2 minutcs at 15,000 fi.

{2} Loop Max. 103

(f) Loop Max. 5G

{z) Roll off the rop.

(k) Climb 8 minutes:

{j) Roll left.

(k) High G-Barrel left 56,

(I} Upward/Downward clover,
(m} Descent o 6,000 [,

The time [rom take off ta landing was about 50
minukes.

AVELTION  MEDIGINE
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Resnlts

In Table I are given the mean and  rangs of the
ape, weight and basal systolic and diastolic BP of the
subjects,

Analysis of the ECG taken during the (hght
showed variations (rom the recorvds made ar ground

level, They are tabulared in Table II.

The 16 cases showed a roral of 29 abnormalities
while in flizht. Figures shown in brackets in Table 11
indicate abnormalitics noticed in the ‘normal’
subjects:

TABLE 1

Apge, weight and basal blood pressure of subjeets,

= Ape Weight
Cipng Maos. ' Hasal Wood Pressure O Heg)
TS K. Syutolic Driastolic
Mormal f 24 3 3 G167 70 1 126 1™ 00 T6 B0
Abmormal o 2230 ht 66 0 L0 121 13 LU
TARBRLFE I1
Changes in ECG during thghe
Abnormality M. of Cuascy

Sinus 'Pachyeardia with T-inversion

Shifting base line

J-point depression

5T depression (1-1.5 mim)

Simus Tachyeardia

T inverted withour Tachyeardia

Diminution of amplitude ol T

T Biphasic

Supra ventrienlar ectopics (Atrial 1 Junciona! |
Ventricular ectopics

Sinuy arrest

6 + (1)
|
1
A
— (1}
3+ (1)
2+ (1
2
b
l
1

Table [IT hrings out the following important
observations -

(i) More than ont aboormality was recorded
in most of the subjects.

(it Maximum abnormalitics were recorded
while undergoing loop, roll off the top and
Ligh G barrel,

DECEMBER 1UFe

fifi) Next in order of frequency arc abmormalitics
recorded during the steep right and  lefi
turns.

{#v) It can be concluded from this table that
maximum stressful manceuvres  responsible
for abnormalities while [lving in a fghter
aireraft arc loop, roll off the top and sweep
right and left turns, ic: on those flight
profiles involvicg a fair degree of G-loading,
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TABLE ITI

Exercise-wise breakdewn of EOG changes.

Abnormulity Climb  Steep  Steep  Level  lLoop Loap Roll Climh  Roll  #High  Tp- Trecent
Turn Turn Flight dg e off IMts  Lefl ] wird
Right Leit Barrel Cloyer 6,000
Top I
1. Sinus Tachyeardia
with T inversion I 2+(2) 3 (2l 1 +(2) | — ! | 2 =
2. T inversion alone 2 - —{ 1) 2 2 1 3 2 | I
4. Sious Tachycardia
alone (1) — = =
4, ST-Sepment depres-
sionn {1 1.% mm) —_ ) = ) ] 1 o P =
., Diminuticn in the
amplitude of T-wave — i - — - Pl o= . _ o
G. 1" Biphasic — ] o —r i . - . . o _ -
7. Supra Venticular
Ectopics ! — l —_ 1 — l _ - - }
8. Ventricular
Eclopics == - ~ - — == e =
4, Sinug Arrest — — | - _ . o _ B -
10, *+J" Depressicn — - ' | — — — . _— _ .
11.  Shifting of
Basze Line - - e s — ~ - _ - o .
Shift in Base line was observed in one case rhythm  during swstained  high  levels of  + (349,

throughout the (light profite. Figures in brackets indi.
cate abnormalities recorded in the contral sisbjects,

Figures 4,5 and 6 arc ECGs of airhorne subjoces
with various ECG changes recorded during the fight
preceded by normal ECG': recorded on ground.

Dviscussion

Brown [ound various cardiac arrhythmias during
Gz manoeuvres?, T wave inversion of LCG of
healthy individuals has been deseribed by Tglesias et
al, which reverts after exercize or atropine’. This
has been attributed to vagotonia or changes in cardiae

12

Transient 3T=T changes and tachyveardia have been
dezeribed [rom a fghter pilot by Pircher'™,

The significance of frequent VPR's during the
sustatned + G exposure is not clear,  Possibly, it may
be due to svinpathetic nervous system stimulation,
increased catccholamine levels, changes in cardiae
filling, changes in positive and mechanical stresses
on ths: heart, inadequate coronary bloed flow, or
superadded hypoxia during the sustained or repeated
high + Gz exposure. There does remain  the possi-
bility of these cctopic beats  developing into a
sustained run of rhvthm disturbances.

AVEATION MENCINE
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Fip, 4
Eleetrocirdipgroms cecorded on ground (n) dicect on polygraph
(b} theough the system (c) from tarmac and, (d) and (o) during
flight.
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Ventricular premature beats and T ioversion recorded during
loop 4 2.
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Fig. &
Sints arrhythmia, sinus arrest and supraventricular colopics
recorded during steep (urn 5 g,

THECEATHEN  TH7S

In the present study, we have been able to record
various abnormalitics as mentioned in Table 1I. It
is to be noted that all these have been recorded
whenever the pilot was under the effect of positive (&5
The commonest  abnormality noted was sinus tachyc-
ardia and T-wave inversion followed by supravent-
Next comuwon were 5T segment
In one casc,

ricular cctopics.
depression and *J°
a single ventricular premature beat was recorded,
There were transient T wave changes in 3 cases, In

paint dapression,

these the ;amplitude of T wave became less or it
became biphasic. Nonc of these changes observed can
be called or attributed to myncardial ischaemia,
because various workers have found them during

M

L

the Gz muanoeuvres 3 In our serics, archythmios
were transient and they disappeared immedialely
after easing off the particular moanoeuvre, Three
muin factors that modify the action of the heart and
r'h;!n!':r.c:'nn-.-'.::iuc:l.llj.-' the BOG are (1} variation in the
tone of the extra cardiac nerves, (2) variation in the
filling of the individua! chambers of the hearr, and,
{3) change of position or conliguration of the heart
[Rascoc is of the opinion tha
may

during ucceleration,
stresses like emotionul
cauge increased hearr rate in inexpevienced pilots 14,
Thizs isx more likely due to catecholamine  effect.
In the present study, we have also found various
rhythm disorders, L'hey are considersd (w0 be non-
pathagnamenic of THD. Because of the small num-
ber of subjects, na definite  conclusions can be drawa.
Further studies of similar cases are necessary helore
any firm conclusions can be drawn and recommenda-
Lion made,

factors, anxiety, eote.

Conclusions

Flying conditions impose many stresscs on the
human bady, The CVS, especially when the pilot
is exposed to + Gz acceleration, bears the bruot,
{Jn this account, itsrate incresses and some minot
transient elcotrical abnormalilies such as ectopic beats
and repolarisation defects arise. From our study of
|f cases having air-fo-ground telemetry we have
concluded that the E_CG changes only reflect tran-
sient physiclogical changes.

Lxtension of this study to “Fsiable V' cases of OV
diseases like 1IID may have to he undortaken hefore
its cxact place asa non-lovasive modality is estab-
lishad in the asscssment of aircrew.

W
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