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Fig. 1 Resting EEG of a fasting fighter pilot
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Fig.2 EEG of the same pilot during exposure to 3.4G in the human centrifuge
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Fig.3 EEG showing the effect of 3 minutes of hyperventilation in the same pilot
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Fig.4 FEEG of the same fasting pilot one hour later showing the disorganisation
produced by 3.4G during the third minute of hyperventilation
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The field of aeronautical EEG is on the right-hand area of this diagram.
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Les statistiques établies par 1' Armée de 1’ Air frangaise sont irréfutables & ce
sujet, mais pour les exploiter convenablement, il convient de faire une différence
essentielle entre

1. les cas d’épilepsie cliniquement confirmés,
2. les cas d' épilepsie suspectés sur des facteurs EEG.

1. Les épilepsies confirmées cliniquement, sont rares mais non exceptionnelles.
Sur 1’ ensemble du Personnel Navigant on a constaté 1’ apparition de 13 cas depuis 1959.
(nombre des examens EEG: 6700).

2. Les épilepsies suspectées sur des facteurs EEG, ou sur des antécédents suspects,
a 1’ admission, sont beaucoup plus nombreuses (1 & 2%). Dans ces cas cependant, des
controverses peuvent exister quant A la réalité de 1’ affection en cause, c’est ce que
nous discuterons plus longuement dans la suite de ce travail.

Si nous nous en tenons aux épilepsies certaines, s’étant manifestées par des signes
cliniques typiques, nous devons constater que, sans aucun doute, leur risque d’ appari-
tion pose un probléme pour la sécurité des vols.

Voici le détail de chacune de ces observations.
En 1959: 4 cas.

- Une perte de connaissance en vol (avec phase tonique) chez un pilote d’ hélicoptére
de 24 ans (observation Tabusse). Premiére crise chez un sujet indemne de tout anté-

cédent. L’EEG montre 1’ apparition de décharges de pointes-ondes & la stimulation
lumineuse.

11 s'agit d’une épilepsie “photogénique’” déclenchée par 1’ effet stroboscopique des
pales d' hélicoptére.

- Un autre cas est décelé, la méme année, chez un pilote d’ hélicoptére; il s’agit
de malaises répétés, sans perte de connaissance compléte avec sensation de raideur
des membres.

L' EEG, 1& aussi, montre une sensibilité excessive & la stimulation stroboscopique.

- Un troisiéme cas apparaft chez un adjunct-chef, radio de bord qui fait, au sol,
plusieurs crises comitiales typiques.

L ne montre pas d’ anomalie.
- Enfin un quatriéme cas est décelé chez un PN*, il s’ agit d’'un commandant de
41 ans, navigateur, qui présente des crises convulsives typiques, survenues aprés un

traumatisme cranien.

L’ EEG montre des anomalies en foyer.

* Personnel Navigant
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- Un commandant, navigateur, fait au sol deux pertes de connaissance avec phase
tonico-cloniques.

Plusieurs EEG restent négatifs.

Ces observations s’ ajoutent aux nombreuses autres citées dan la littérature médicale
ces derniéres années, notamment par les médecins de 1’ USAF et de la RAF (cp. Donald R.
Bennett, William et Rock). Elles apportent la preuve que 1’ épilepsie existe parmi les
membres du PN et que des crises peuvent se produire au cours des vols.

En somme 13 cas:

6 épilepsies typiques,
3 avec EEG négatifs
1 avec EEG suspect
1 avec des anomalies provoquées par le sommeil (le 4éme EEG)
1 avec EEG caractérisé par anomalies majeures

2 crises épileptoides avec anomalies EEG provoquées par stimulation lumineuse
intermittente (hélicoptéres)

5 cas d’ affections cérébrales avec troubles de la conscience ou convulsions
localisées (EEG négatif en 2 cas; avec des signes focales en 3 cas).

Les données statistiques correspondent & 1’ expérience accumulde dans 1’'utilisation
de 1’ EEG au cours des visites d’ aptitude.

Cette technique ne remplace pas 1’ étude détaillée des antécédents, ni 1’ examen
clinique. Cependant, des anomalies qu' elle met en évidence permettent fréquemment,
par 1’ examen plus approfondi et orienté qu’ elles provoquent, la mise au jour
d’ antécédents jusque 13 ignorés. Cette eventualité se produit dans 7 cas pour 1000.

I1 n’ est pas non plus exceptionnel que des crises comitiales typiques soient
déclenchées par la stimulation lumineuse intermittente (2 fois sur 1000).

Le criblage d’ épilepsies authentiques lors de la visite d’ admission paraft indéniable
aux experts du C.P.E.M.P.N. (Remond-Soussen), il peut &étre illustré par les deux
observations spectaculaires suivantes:

En 1957, un candidat civil & 1’ aptitude au pilotage, qui désirait ohtc.ir la licence
de transport de frét pour le compte d’une entreprise familiale, était considéré, lors
de la visite d’ admission comme légérement suspect d’ épilepsie latent pour troubles
impulsifs du caractére. Adressé a 1’EEG, cet examen montrait des perturbations
paroxystiques prononcées qui, jointes au conteste clinique, entrafnaient 1’inaptitude.
Malgré des protestations véhémentes du pére de ce candidat, s’ insurgeant contre le
verdict d’un appareil électrique, cette décision fut maintenue. Or, quelques temps
aprés ce jeune homme avait une perte de connaissance au volant de sa voiture et se
tuait.

En 1962, un jeune homme de 19 ans vient en visite d’ admission PN.
Les antécédents allégués ne révilent rien sur le plan neuro-psychiatrique. Il as

passé une visite compléte avant d’ aboutir & 1’ EEG, tous ses standards d’ aptitude
physique sont & I.
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Les procédés d’ activation sont nombreux; on peut les classer en:

- procédés physiques,
- procédés chimiques.

- Procédés physiques:

Les plus couramment employés sont 1’ hyperventilation et la stimulation lumineuse
intermittente.

I1s ne créent qu'une souffrance discréte et la plupart des laboratoires les emploient
de fagon standard. La réactivation par le sommeil est également fréquemment employée.

D’ autres procédés sont plus rarement utilisés:

- 1'anoxie (par inhalation de mélanges gazeux pauvres en oxygéne, ou par montées
fictives en caisson) (Gastaut-Rémond-Soussen),

~ la fatigue et la privation de sommeil (D.R.Bennett).

- Procédés chimiques:

Ils consistent & 1' injection de drogues épileptogénes qui aboutiraient plus rapide-
ment & la crise ou aux anomalies majeures chez les épileptiques que chez les
normaux.

Les principales drogues utilisées sont la mégimide et surtout le cardiazol (Remond).

Tous ces procédés ont un écueil, en effet ils sont capables de déclencher des
troubles méme chez les sujets sains. S ils criblent effectivement plus d' épileptiques,
ils entrafnent dans la sélection un pourcentage important de sujets normaux.

Plus ils sont actifs et plus ils risquent de faire classer des sujets sains dans
la catégorie des comitiaux. C' est pourquoi ils ne doivent étre employés que rarement
et avec beaucoup de circonspection.

Enfin, et surtout, 1'incertitude de 1'EEG réside dans les particularités paroxy-
stiques que 1'on retrouve chez les sujets normaux.

Si tous les épileptiques présentaient des anomalies évidentes dans les tracés
enregistrés en dehors des crises, si tous les individus sains avaient un tracé
absolument identique, indemne de toute perturbation intermittente, le problém: serait
simple, or il n'en est rien.

L' expérience accumulée jusqu’ ici au C.P.E.M.P.N. chez des sujets présumés sains,
montre que beaucoup d’entre eux présentent des particularités paroxystiques surtout
lors des épreuves de activation habituelles (hyperpnée, SLI) épreuves qu’on est
obligé de pratiquer si 1'on veut gque 1'EEG soit rentable dans la détection de
1' épilepsie.

Voici les statistiques effectuédes.























































In addition to evaluating EEG changes during flicker, possible impairment of
cognitive and motor performance during flicker, regardless of EEG changes, was also
studied. Can flicker itself interrupt functioning? To answer this question, 43 of
the pilots were asked to perform the following tasks before flicker and during flicker:
repeating digits (adapted from Wechsler Adult Intelligence Scale), a series of addition
problems of increasing difficulty, serially subtracting 7 from 100, and finger tapping
on a key for three minutes at a constant rate. To reduce practice effect, two com-
parable, but not identical, sets of problems were used, i.e., if a pilot subtracted 7
from 100 without flicker he subtracted 7 from 99 during flicker. Also some pilots were
given the tasks first d.-ing flicker and others were given the tasks first without
flicker. The tapping measure was included to see if varying the flicker rate would
change the pilot's tempo. After the examination each pilot was questioned as to his
subjective sensations, feelings, and possible symptoms during the test. He also com-
pleted a questionnaire, which included items dealing with a personal history of head
injury, loss of consciousness, headaches, epilepsy, and a family history of neurological
problems and epilepsy.

3. RESULTS

None of the pilots reported a history of seizures, but one reported that a brother
had epilepsy and another noted that an uncle had seizures. Seventeen of the pilots
reported head injury and, of these, seven were unconscious for periods of time ranging
from one minute to four hours. Fourteen reported that they had had a spontaneous loss

of consciousness or fainted. These episodes occurred within an age range of 8-31 years
with the mode at age 14.

3.1 Classification

TABLE 1

EEG Classification of Helicopter Pilots

EEG Classification N Percent
Normal Alpha 76 74
Low Voltage Fast (LVF) 11 11
Low Voltage Slow (LVS) 10 10
Mixed Fast Slow (MFS) 2 2
Slow (8) 1 1
Abnormal * 2 2

* These two pilots were examined twice with
similar results. The borderline abnormal
record is included here.

Each of the EEG records was classified according to Gibbs' criteria with the results
listed in Table I. Reliability of this classification was evaluated by having a
neurologist read 20 of the records. There was 90% agreement between the evaluation by
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or of just being bothered. There were no feelings of nausea, or dizziness, reported.
Nine of the pilots who re-orted discomfort during photic stimulation also reported
that the flicker had bothered them during flight, suggesting that these nine pilots
may be unusually sensitive to the annoying qualities of a flickering light.

An interesting observation that has been noted in the literature but not mentioned
before in connection with helicopter pilots, is that some subjects (Ss) when exposed
to repetitive flicker may become drowsy (Alexander and Chiles, 1959; Bach, Sperry and
Ray, 1957). To determine the susceptibility of these pilots to the somnolent qualities
of flicker, each pilot’s EEG before and during flicker was rated with respect to the
degree of sleep using a 5-point scale (Lindsley, 1957). To determine the reliability
of these ratings, two raters independently rated 35 records. There was an 88% agreement
with respect to degree of sleep seen in the 35 records.

Twenty-two of the pilots, as indicated by their EEG, became drowsy or went into
light sleep during flicker. The sleep activity was indicated by the presence of EEG
slowing, 4-7 c/s of moderate voltage or activity of 2-4 c/s with some sleep spindles.
No 2-4 ¢/s high voltage waves indicative of deep sleep were seen. To make certain
that these EEG changes were not due to the flicker itself and were due to the pilot
becoming drowsy, the EEG indicators of sleep had to be present between flicker frequencies
as well as during the flicker. When the pilot was in light to moderate stages of sleep,
the onset of flicker generally produced the ‘K-complex”, a high voltage burst of sharp
waves. If a pilot’s EEG indicated that he was drowsy or in light sleep before the
flicker survey began, he was not included in the above figure of 22. Thus for 21.5% of
this sample the degree of alertness, as seen in the EEG record, changed markedly during
flicker.

3.4 Performance during Flicker

As indicated above, after the resting flicker survey, each pilot was given a series
of tasks and then reflickered with a comparable set of tasks being given during flicker.
There was no significant difference between performance with and without flicker on
repeating digits, addition or serial subtraction, and no change in tapping rate could
be associated with either an increase or decrease in flicker frequency. As found in
other studies (Alexander and Chiles, 1959; Bach, Sperry, and Ray, 1957) performance was
not affected by photic stimulation when the subject’s attention was deliberately focused
on the task.

4. DISCUSSION

Flicker does seem to be a source of annoyance or irritation to about one third of
experienced helicopter pilots. This problem is usually reported to be only minor or
moderate in degree, but on occasions it may be severe enough to cause an accident or
near accident. The two chief sources of flicker appear to be the rotor bledes inter-
rupting the afternoon sun and the Grimes rotating anticollision beacon. The latter
appears to be most distracting when flying under clouds, near water, or in fog. The
susceptibility to flicker and the degree of irritation appears to be directly related
to fatigue.
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Figure 5
A = 360 aspirants admitted to the selection procedure

B = Student pilots (admitted to the school: 71)
C = Licenced pilots (700)
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Fig.1(a) A 6G centrifuge run during which the subject experienced a 25-second period
of visual blackout indicated by the period of rapid depression of the

finger switch on the performance trace.
(Note the increase in amplitude of the unfiltered without
concomitant increase in change of electrode resistance
indicative of electrode resistance)
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period of visual blackout followed by unconsciousness indicated by the

Fig.1(b) A 6G centrifuge run during which the same subject experienced a 9-second $

period of no switching immediately following blackout.
(Note lack of evidence of change in clectrode resistance.)
There is a marked fall in finger opacity at the onset of
unconsciousness due to displacement of blood from the
finger fixed at the level of the right atrium
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(a) Subject in the seat, hood removed. Note the mstrunentatibn panel behind the seat

(b) The instrument panel. Note the limited aperture in the windscreen and the uniform
illumination of the visual field

Fig.7 The cockpit simulator
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(¢) The cockpit with the hood in place. During experiments the rear of the cockpit
is in darkness

Fig.7 The cockpit simulator
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Fig.8 Bourdon-Wiersma Stipple test and simultaneous record of eye movements on
channel 1 of the EEG.

The subject must “cross out™ all groups of four dots in each of 50 lines
of 25 characters. Lines 34 and 35 are here illustrated. Each took
10.3 sec to complete, although 34 contains 10 fours and 35 only 5 fours.
The record illustrates the essential scanning eye-movements. The hand
movements for crossing the fours do not apparently consume extra time
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(c) 45th minute: normal =lpha in occipital regions, followed 20 sec later (indicated
by vertical line) by iow, slow waves; ‘emporal leads show continucus irregular
slow waves, temporal independence. Corresponds with “C" in Figure 9(d)

alpha
content

seconds per
sinute

0
A time (min) " c

(d) Analysis of experimental period of isolation illustrated in Figures 9(a), (b) and
(¢). Fluctuations in alpha content during isolation between 0 and 38 sec/minute.
(Before and after isolation there was a continuous high level of «)

Respiration rate: before, 13-19: during, 8-13: after, 15
Pulse rate: before, 75-94: during, 67-84: after, 90

Fig.9 (concluded)
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Fig. 10  Analysis of Stipple test (Bourdon-Wiersma). Subject S.S. age 23 years, 24.2.65.
Above average performance as Jjudged by distribution of time to complete lines.
No change between pre- and post-isolation performance
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(a) Insert upper left shows normal regular alpha, later replaced by bilateral symmetrical
bursts of o activity (sleep spindles)

Fig.11  Records obtained from subject L, pilot age 31 years, at routine examination
5.8.59. Subject not fasted
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(b) Later in same record: periods of flattening - transition from “awake” to “asleep”

-~ 280 o

(¢) At end of recording session. Subject asleep - sleep spindles; aroused; followed by
17 sec of generalised jerking

Fig. 11 (concluded)
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(a) Beginning of recording session. Alpha of 9 c/s. Regular

\
Lol
N Wl ot M

iy 9

I, T T

i A o
g 7l

W L v A w

(b) Sleep spindle stage; subject did not react to loud instruction to open eyes

Fig.12 Records of subject L; 4. 10.61 (more than 2 years after records of Figure 11).
Rout ine circumstances; i.e. quiet room, comfortable bed in corner; dim light;
low noise level but for occasional aircraft noise. PFasting.
Fluctuations of level of consciousness much more marked than in 1959.
Channels (from above, down) L parietal, R parietal, L occipital, R occipital
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(¢) Low, slow waves and sleep spindles
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(d) All channels flat and irregular. Deeper sleep

Fig. 12  (concluded)
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(a) 9th minute of isolation; sleep spindles (b) 11th minute of isolation; cardiac
and sharp waves extrasystoles; high slow waves
and sleep spindles
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(c) 24th minute of isolation; cardiac (d) 31st minute of isolation; temporal
extrasystoles, sleep spindles leads - slow, high waves;
occipital leads - bilateral asymmetry

L'——'""J,.‘ S0uv

Fig.14 Further records of subject L: 3.9.65: in cockpit simulator with non-patterned
light and continuous noise; isolated for 1 hour.
Channels (from above, down) eye movements; ECG; respiration;
L temporal; R temporal; L occipital; R occipital
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