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EEG Studies in Pilots Flying High
Performance Aircraft
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Ahstract

Electroencephulographic studies were carried owt on some 383 pilots wha reparted 1o the
Ingtitute of Avintion Medicine, Tidian Air Force for their atsessment of fltness to fly High

Ferformunee Arrcrult.

The standard International 10 - 20 svstem was followed in fiving electrades far rec rding
EEG during the studies.  Electroencephulograms were recorded in the # channel and 16

channel EEG machines both during resting and provocative canditions.

The findings have bean discussed,

Inteodoction 2

The value of electroencephalographic
studies as a ¢linical aid and as a rescarch
tood is well known.  In some of the Air
Forces of the world EEG study is alse
used Tor aircrew 4nd  astronaut selecton.
LA &% Thorner and Gibbs? have
justified this use, stating. that proper
funetion of the cercbral cortex is necessary
for competence in aviation and since the
electtoencephalogram Iz an indicutor of
cortical funciion, it might be supposed
that it could be used te indicale fiiness of
candidates for flying instructions. LEEG
screcning helps in the detection of latent
and potential epileptics. EEG studies are
also carried out at the Instituie of Avia-

tion Medicine in the case of pilots who
are required to Iy High Performance air-
cTufl.

A pilot declared fit for flying high
performance aireraft in Dec. "69 wassub-
sequently invalided out of service on
account of Eptlepsy (Grand mal type of
seizufes) in Nov. *71.  He had been flying
a high periormance aircraflt for sometime
hefore hie got the epileptic attack,

This episode necessitated carrving out a
retrospective study and analysis of the
EEGs recorded for these types of pilots,
the object being to learn lessons, if any
The paper under review has, bean pro-
cessed out of such recorded EEG data,
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Materials and Methods:

A tolal of 383 pilots from among those
who reported to our Institute for their
assexsment of fitness to fiy high perfor-
mance pireratt were randomly selected for
this study.  These pilots were all heualthy
and recommended for flying the high per-
formance nircraft.  They were subjected
Lo a tharough general and systemic exami-
nations by specialists of various discip-
lines. i addition, several other investiga-
tions were carried out, as per regulations,
and their resulis were also within normal
limils: EEG recording was also carried
put on them as & routine procedure, The
recordings were carricd out an hour after
a good breakfast, They were also advised
not to have late nights and -also not to
1uke aleohel or drups, prior to EEG re-
cording.

Mast EEGs were recorded in a 16 chan-
ne] EEG machine (Grass Model 6), with
the subjeel lying in & recumbent position
on a comfortable couch in the EEG re-
¢ording room.  Some of the carlicr EEGs
were recorded inanother 8 channel EEG
machine {Grass Model 6). The Inlerna-

tional 10 --20 system was followed in the

ﬁqutanent of the electrodes on the zcalp
which was suitably prepared carlier for
this ocecasion, 21 slectrodes were placed
on thehead and 2 on each ear lobe, Bi-
polar and monopolar montages werzs selee-
ted for the EEG recording.  Anteropos-
terinr and lransverse runs were taken in
the bipolar montage.

Resting record for all the monlages
were tnken for two minutes with visuoal
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stimulation, Thereafter routine notiva-
tion procedures eg.  Hypervenlilation
and photic stimulation weére undertuken,
Tn the Anteroposierior ipolar run, the sub-
ject was asked to hyperventilate for three
minutes, aud simultaneous EREG records
ing was done, The ELEG recording con-
tinued For two minutes after the stoppape
of hyperventiluvion. Proper hyperventi-
Lition technique was demonstrated to the
subject by the EEG recordist before they
were asked 1o hyperventilate.

Intermittent photic  stimulation  was
routinely employed with varying flash
flicker frequencies by the, photic stimula-
tor (Grass Model P8 2), The duration
of each exposure to the flash flicker was
5 - 6 seconds. The subjects were asked
to keep their eyes open at this time.

Tatal EEG reeording time was about
25 to 35 minuces in edch subject.

the borderline «coses, the EEG re

cordings were repeated and iF pecessury,
some of the speecial activation procedures
e.g. oo ular and carotid compression, hy-
poxia, slecp deprivation, sleep, 1. Y.
methahexitone ete  further res@irted to. for
arriving at some conclusion In ourcentre,
we havestopped ising Magimide and Met-
razol as activiling agenis owing Lo (he
possible undesirable cffect on the subjects,

In

The recorded CLGs were all subjecied
1o a visual examination by more than ane
person as per standard technigque “and the
results were then analysed, Asg per the
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interpretaiion of the electroencephalo
grams, the records  were  clussilicd  as
NORMAL, BORDERLINE and ABNOR-
MAL,

The eriteria af evaluation followed are
ax undereg, —

()} ™Normal

Daminant alpha rvthm posteriorly
with no *'execess’™ slow or fust acti-
vity, No rsymmeiry. No local or
maraxvsmal abnormalities,

(b} Barderline

Dominant alpha with slight excess
Theta and Minor asymmelirics, No
clear local or paroxysmal abnorma-
lities,

{cy Abnormal
Excess or dominant thern and del-

tw rhythm. Distinel asymmelry.,
local or paroxysmal abnormality,

The are groups of the subjecis are shown in Table 1 ;

TACLE |
Age in vears Mo, of subjects o

20 - 24 60 437
75 -29 722 384
- 34 4% B
15- 39 42 Ju
40 — did 11 2

Tistal 533 100
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This table shows the preponderance of
the 1wo age groups of 20 to 24 years and
25 to 29 wears. This finding is under-
standnble, considering the [fact that

younger age group is usually recomniens
ded and encouraged to fly high performance
aircraflt.

The service period of the subjects is shown in Table I ;—

TABLE 11

Towal Service in vears

Nao. of Subjects

-5 300 677
6 - 10 100 17
=13 54 S,
16 - 20 34 i
21 - 25 5 1%
Total 583 100,

It is-seen that the earlier service groups Results :

of 6 o 10 and | - 5 vears constijute the
majority of subjsets.  This isexplained by
the fact that the younger pilots have natu-
rally less years of service and it is they
who report for flving high performance
aircrall.

The numbers of normal, borderling and
abnormal EEGs are shown in Takle T :—

TABLE Il
™Normal Borderline Abunormal Total
: 3R89 118 14 583
No. of subjects
Percentage 67 20, 13 100,
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The figures of the borderline EEGs are
somewhal higher probably due 1o our cau-
tious and strict approach in assessing the
EEGs of these particular category  of

pilots.

The relationship between the abrormal
EEG and age group s shown in Tahle IV ;-

TABLE IV

Age Group 20 - 24

. A b e = . ¥ _ g =
in yeurs 25 - 29 30 - 34 15 .39 10 — 44 Fatal
Mos. of

abnormal 235 15 4 0 2 -
EEGH

It is seen that the subjects from the wwo
age groups of 20 to 24and 25 to 29 show
the maximum incidence of abnormality in

their EEGs. 1t is also to he noted that
large percentage of our subjects belong to
these age groups.

TABLE

Age group

Obseivad number of

Total

in vears Abnoimal EEG Normal EEG o
20 - 24 23 2315 260
25 - 29 3% 187 232
30 - 44 16 g5 101
Total 76 506 Wb

* Pooled to obtain a larger number for caleulation of x2.
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Chisquare test was applied Lo find out
wheiher the incidence of abnormal EEG
avcurs equally proportional in all the 3 age
pronps, The value of x2 obtained { =4 95)

falls shart of the tablé value of x* (=599}
in order tobe significant.
This shows age does not influence the dis-
tribution pattern of EECG nbnormalily.

it P o= (005,

The tvpes of the abnormal EEG finding are shown inTable V.i—

TARLE ¥

Nevkori 6 Focal Diffuse Puroxysmal
LeLiviLIRS el Maod Mad W
dcly . ode . Odlea preoy Modes i

Low ok .H:ﬂ Law iy Migh [Low e High
Theta ' — 12 30 5.5 = —
Delta | - —_ -— — I = =
Spikes &
Waves = i I T
Sharp {
Waves - L o

|
In numhbers 12 50 14 Total = 76

This tabls shows that the majorily of
the abnormal EEG findings belong o the
category of non-specific diffuse slow wave
theta of niediom voltage.
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The relationship bevween the Lypes of
abnormal EEGs

groups is shown in Table ¥

and the different age
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TARLE VI

Patiern of

Age group { in venrs )

Voltige = — Type
Activities 20 - 24 25-29 0 -3 35. 39 40 -44 1ol
Thew L 1.3 6.6 1.3 3 2.3 15400

Maoderate 218 5.0 1.9 i - GRRY

High 39 11.7 — = 15.6
Doita High — 13 = — . 153
Sharp High gt I3 —_— — . I1:3
WAVES
Age total (3) 330 43.9 52 131 23 1000

Thiz taklz shows that thesahjects from
the vounger age groups have manifzsied
an increased incidence of abanormality.
However, subjects from the vounger xge
group alsn constitute the majority.  The
matn abnormality is seen a5 diffuse slow
wave theta activities of mezdium wvoliuge
and non-specific nature. The
of high valtage slow waves are not much,

E¥iscussinn

Our findings in this stedy show that
13% of the EEG records are

incidence

abnormal,

The abnormality mainly consists of non-
specific diffuse slow wave theta aclivity of
moderate voltage The incidence of high
voliaze delia aetivity of the same type is
less. High voltage delta activity sharp
wave bursts are seen in one case 2ach,
Mo spike and or wive aetivity s seén.
Meither focal or paroxysmal acrivities are
seen.  The incidence of bordertine EEG
is 2% and that of normal EEGs. &7,
Most of the ahnor malities were hrooghi
out duripg  hvperventilution,  Photic
stimulation did not bring sut any abnor-
malities These findings are understanda .
ble considering the physical and mental
fitnesz of our populition sample,
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In a study of the EEGs of 1, 332 fying
prtsonnel Bennet! found the incidence of
abnormalities to be 8%, O' Connor® in
study of 500 LEGs of RAF aircrew cadels
found the incidence of abnormal EFGs 1o
be 100,  Buchtal and Lennox® studied
EEGS in 682 volunteers for Danish Air
Force and found the incidence of abnor-
mility to be of 20.54. On elimination of
Ases with suggestive evidence ol neurolo-
givul diseass, the incidence of ahnormality
dropped lo 15,94, Raboutet and Sous-
sen's? sludyof 6,700 EEGs on flving per-
saonnel revealed the incidence of normal 1o
be KUY, borderline to be 17,54 abnormal to
be 2.5%. Ouvr findings conform in general
Lo the works of these workers except that
of Raboutet and Soussen.  His criteria of
abuormality was the finding of spike and
or wave complex and very high voltage
theta and delta activities in the posterior
channals. We know that there are ceérluin
inherent difliculties in a0y comparalive
study e.2.  varying criteria of shnormality
in  other series anpd nge of  subjecis
involved. So any comparison with other
series hecomes inleresting but not neces-
sarily conclusive,

The pilot mentioned earlier had shows
high voliage theta activity, diffuse and
‘en-specific in nature. His EEG was
considéred abnormal. However. asit Wik
nen-specific and diffuse in natyre and
also because of negative past and Family
histories, absence of zbnormal Findings
chnically, he was declared  fig, Alsg
Altempts Lo correfale non-specific EEG
patterns with predisposition 1o epilepsy or
syneope: have thus far been Truitless).
Again such less dingnostic EEG abnorms-

2 Fod. MOS8, af dia, Ipril (8974

lities are also found in approximately  10-
153% of the normal populition’  They can-
not be considered specilis for epilepsy nop
as wvidence of an epileptic dinsthesis!,
Picard siates that the best pilots were
those who had normal FEG trae) nus but
Grey Walles claims |hat certain specific
mild abnormalities wepe unitormly found
suceessful Fleet Air Arm Pilogst,

Taking inte considerulion all these facs
tors, we feel our policy of the @valualion
of EEG of the pilols iy by and large cor-
rect.  The only additional reconmends-
tion isx to take cognisance, alsoof the
EEG record, showing high voltage slow
wave activities of diffuse and non-specific
nature, in view of our recent experience,
While it may be a counsel of perlection
to ground all lying personnel with an EEG
abnormality alone, i might be more pru-
dent (o ground them lemporarily and
repeat their ELGs al periodic intervals

hefore arriving 374 Figal decision

We do not recommend fMlving .deﬁnjge]},
if the subjects show

() Excessdells ACHVity,

(b} definite and consistent asymmetry

(¢} repetitive paroxysmal ahnormality,
especially spikes, sharp waves or
sprhe and wave activity,

We also recommend recording of presclecs
tien clectroencephalogram and alse the
development and use of EEG recording
under inflight comditions to he more rialis-
tic.
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