Hypoxia Tolerance Studies in Aircrew with
Sickle Cell Trait :
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A Case Report

Astract
hi
CASE of an experienced pilot in whom sickie
il was derected during routine medical exami-
i, 15 Teported, He was subjeeted Lo aeromedical
lulion by exposure to simulated fight conditions
yporcia in un altitude chamber. Sickling conld nat
rmonstrated during prolonged repeated exposuics
g altitudes of 4,570m {15000 {1y even when
ned with maderate exercise. Clinieal hypoxia
ieed by disconnecting oxygen supply at 8140 m
0 (1) alse did nol produce any evidence ot
ing,  The pilot was assesscd Lo be [it for Full
uties.  Since  the exremely  low  oxygen
sions Tequived to precipitate sickling in sickle cell
it carricrs are exceptionally rare i modern
wiation. the need for reconsideration ol the present
gew leensing policy is stressecl

liroduetion
| Sickle cell trair, o heterozygous disvrdey involv-
iy the  ahnornal haemoplohin S, shows  high
riderree. in wopical  Alrvica,  Greeeo, Southern
kev, Jamaica, Lhe Ldted States and  Southern
nﬂ_"”-“’ Althouph  sickle cell trail may ha
imilied a8 a haemoglobinepathy, it is an inherited
cemality amd not o disease, Tt is almost i possible
i make @ clinical distinction helween a  person
Jith normal haemoglobin and one with sickle cell
. The individuals with this  trait de ool
i any  evidence of anaemia. The number
el cells the haemoglobin level of Lhe [l el ancd
volume of the packed cetlst®  amd  even thu
linsth of red cell survival 1780 e gntively normal.
A lew abmormnalities such s haemararia =% hypos
I. muriat priapiant® and a seplic necrosis of the hiead
Ll Femur 2% have heen peported,  However, ihese
e exiremely vare and no o delnite eorrelation
I'lw_een the incidence of these conditions and sickle
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cell  trait hus so  lar heen  established. Tor ull
practical purposes, an incdividual with the trait can
cxpect to fead a normal lile unless cxposed to
exireme  conditions of hypoxia. This a report ol
siudies comducted on o Zumbian Air Force pilat
referred to TAM, Bangalore by the finsl author while
lie was on deputation o that country.

Case Study

HMS, a 24 vewrs old Lghrer pilot of Lambia
Air Force had completed 338 Lours of flying includ-
irig 196 jet hours when sickling lest carried out as
parl of ayoutine medical examination wus found to he
positive in him, ITis medical docnments showed that
this Lest had hecn reporred as negative on Lwo earlier
oceasions, He had heen [yving uneventtully for the
past four yeavs. Iitiafly, e had hoen living an
unpressurized  piston engined aiverall with a ceiling
ol 1A&75m (16,000 fy o Uie usual cruising altinmde
ol 5.030 o 3660 m (10,000 o 12,000 It) withoul the
wse ol oxyeen in routine [lights Later he flew
unpressurized jet fighters having a maximum ceiling
of ubout 12,190m #0,000 {t), oxygen being avail-
able rhrough 2 demand  diloter type of regulator
during fight. The usual cruising altitude was about
5 080m {17.000 f1) with each sorfie lasting about
50 minutes. The pilor was in the labit of donning
his  omypen lgosely ou  the fape or cven
removing it ofl and on during flight becanse of
sweating caused by the inadequate air conditioning
systeny, Dhiring one erosi countvy sortic he huad Hown
at TA815m (24000 [y with the oxygen mask lis-
cngaged fin about 15 minutes wilthout any ill cllects,
Throughout this pericd of his service he neither
Jhowed any clinical abnormality nor had amy com-
Ronling lahoratory investigalions of blood
were Limits,  Electra-
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Investigations

The pilot was subjecield to g thorough general
physical and systemic examination.  The dinjeal
investigations included electra-cardiography, electro.
encephalopraphy and tadiological  examination af
the chear, Huaematological tvestigations like vompleaie
haemegram. RBC fragility, reticulocvie connt, ESR,
WIC count wnd examination of peripheral hlood
film 2% well as hiochemical estimations of cholesieral,
Ured, uric acid, sediu, Potassinm and bicarbrmie
were carvicd out, Time (o sickle, i, the time taken
by the red cells to sickle in sealed woer pPreparations
incubated al 37°C  withoyr the addition of any
reducing agent, swas determined.  Qualitative ane
quanlitative analysiy of hacmoglobin was done by
paper electrophoresis using  bavbital  builer  ar
PH 8.6. Uring was cxamined. A standard plucose
tolerance test was done, He was alsg subjecied o
Tilt Table studies, His LGy tolerance was deter-
mined in a human centrifupe using: peripheral light
loss as the end poinl. At the end of e eight
conscentive centrifuge runs  his venous Bood  was
eollected and examined for evidence of sickling or
changes in RBC lragility.

In un altitude chamber the subject was instrg-
mented  for INONIOrINgG  various physiological para.
melers like heart rate, respitation and electrocardio.
gram. e was instructed (o YEpurt any imrowand
SYlptoms ws and when they occurred. He was Laken

TABLE 1 Basal Haematological Investigations

phorctic examination of his hacmoglobin conlirmed
that his haemoglobin was of AS genolype, He was
diagnosed as a case of sickle cell trait and  was
declaved unfic for fying duties as pur the existing
aircrew  licensing policy. The authorities, howeyer,
agreed to review his case after a thorough acro-
medical  evaluation atr the Institute of Avialion

o gradually increasing altitudes on
Thus, he was exposed to 2,985m (7600
(10.000 ft} and 8760 m {12500 [y
tach and to 4570 m (15,000 [t} for 0
siLbing at rese breathing ambient air. Cag
samples were collected ar 15 mintites
was then given a standard EXErCise A
wnd blood samples were collected 1]
the exercise and 15 minutes later. All 1
were: examined for evidence of sickli
ously and at vegulur intepyvals Wwith 1
microscope set up inside the alr
Sealed wet preparations weye incubily
determine the time ro sickle ap the
altitude exposure,  Urine was Exam
exposure for evidence of microscopic b
On g subsequent day, the subjer
upto 9. 1M40m 30,000 [t} while hreatl
through a demand diluter type of
falor. Op leveling ofl ut this altituds,
supply was manually disconnceted anl
a set ol tasks to elicit his psychompt
After about two minutes, when his perfa
nolably deteriorated. capillary bload
eollected and oxvgen sopply resumed,
ol the exposure. venous hlood was
haematolagical ane biochemical ipye
urine was examined fop evidence of
The pilot was also subjected 1o
pression from 2440 to 6,705 m (B0
in five seoonds andd blood samples exq
Presence of sickle forms,

Resnlts

The pilat did not reveal any clinic
lity, ECG, EEG and skiagram of cheat
The hacmatological and biochemical iny
were within normal limits (Table—I I

Hb : 15.0 gmos [

Hb Genoiype A3 ||

HE A 55.0% | Neutrophils
' Lymphocytes
Hb A2 : 365 | Eosionophils
| Monocytes
Hb 5 45,40 | Basophily

Sickling — Positive |

TREC : 4.5 Mil/cinm PCV 1 ARS
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TABLE 1T
Basal Binchemical Investigations

- 143mg/100 ml
= mrﬂg‘“ﬂﬂ ml
3mg/100 ml

Serum Sodium 139 m Eq/L
bom Egil

23 m Eq/L
56 Vol /104 ml
Plasma

Serum Potassium @

Ci(2 Combining
Power/Plasima
Ficarbonate

and hls Ph}':lﬂ]ﬂ""lt ul
limits, During

the erythrocytes hefore or after
sickle also did not change
uﬂ of 2 hours, No significant
"hmﬁhmﬂlml changes were notod
osure 1o thm:m at  S14thm

: ﬂﬁbt‘fﬂl‘l.. and aiter Lxposure to
at 9,140 m (30,000 it)

Refore Alter
15.0 15.0

2 2

45 4.6
46.0 44.0
1062.2 095.6
33.3 2.5
i2.h6 3.0
(5 0.7

0:45% MNacl .45 Nacl

(.34 % Nael 0.343%] Nacl

0249 Nael 2% MNacl
Mormal Nm’ mal
24 hours 24 hours

Exposure to rapid decompression also did not
produce any chanpes in the blood picture. There
macroscopic or microscopic
haematuria at any stage during these studics

was no evidenee ol

Discossion

A person may beeome lypoxic by Hying or
residing ac high altitude and  in mishaps during
anaesthesia,  Splenic  infarctions  have vepeatedly
been reported amongst some  passengers with  this
trait during high altitude  flight in  unpressurized
airerafl due o sickling of red blood cells (3, 4, 10,
@4, 26, 27}, Jomes er al™ have reported faral sickling
crisis in lour Negroes with sickle cell trait duc Lo
hypoxia caused by voilent exercise al a moderately
high alritude of 1,220 m {4000 fr). Howcever, uo
sickling crisis were reported among  the African
competitors with the trait competing in the Mexican
Olympic games held ar an allitude of 2155 m
(7,000 ). Evidence, olten cited for sickle cell trait
individuals getting splenie infracis or sudden death
while flying ar high altitudes has come  under
criticism by various authors 12 0 1 is possible
that before the discovery of haemoglohin G in 1951,
symplomatology in what was in [acl haemoglohbin
S¢7 disease, was described o the sickle oell  leaii
There is no vecorded incident of iafarctive crisis
wmong  the many  thousands of  sickle Leail
curiers who must he flying in pressurized acroplane
all over the world. Also, there is no vecond of any
mishap associated with sickling in a member of the
aireress so Far i the literanuve.

cell

It has been shown that, [or the erythvocyres of
a person with Hb AS to praduce appreciable
sickling, the requived fall in oxygen tension is of
the values as low as 10— 15 mm Hg?* Studies have
shown that during the frsi lew minutes of an acule
exposure Lo hypoxia at altitudes of less than 4,000 m
(29527 fty, the arterial oxygen saturation does nol
fall to levels capable of producing blood oxygen
tensions as low as 10— I5mm Ig®  The allitude
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at which sigoificanl sickling s produced  [ollowing
a sullicient veduction of oxveen has nov been scienti-
fically  cstallished se lax® Further, there is no
evidence to show thae the relatively small reduction
in - omypen
pressurized
suflicicnd

caliinn of @
operations  is

which  ooours within  (he
pircralt  during noroial
Lo coansts serious clfects.

coll Lrail
individuals during  simulated fHight  envirommnents
widely reported. Loyke™  had  exposed
heparinized samples of blood containimg Llb AS o
altirades
sliaped cells al L9800 (G500 [ty and multipointed
sickle eolls ac Sia0m (10,000 (1) which  incressed
in nutaber to % ar LE 180w (@00 £y . These
abnovmal cells reduced o nomber with retin Lo
seq level. 100%5 sickling was noviceably absent even
after the expostre oo 12, 1%0bme (10000 [ Lo 30
minules, the sguivalent oxygen tension beitg abour
S0mm Hg Thronell,™ however
had found ne sickling occurring in sickling positive
subjects npta 4570 m (15000 £, Findlay® demon-
steated in vive sickling in three sickle cell  trait
carrievs fying at 4570 m (15000 1)

T wvitro and in vive stwdics on sickle

AT TIOE

amd demanstreated che appuarinee of oal-

Henderson and

The present ease Dbrings vo Hght che facl tlo
there. might be manv uneetected] carviers of sickle
el wrait on oactive fying duties in many parls of
the world, 'The sickling test usecdd as o routine
sereening method is koown to live some inherenl
fallacies,  Once these individuals ave identified
carrices of HE S, the medical authovilics are Dowed
with the problem of their medical evaloation and
assesanent of fitness for Qying, A fivm intermaticmdly
acceprable: licensing policy is srill nov available and
the existing pelicy ol rejecting all such individuals
fram further Oving duries is controversial, Fxamples
of splenic infraction ocewrring in Individuals with
sickle cell trait on exposure to high altirmde (fying
Dseards of  this tial have also
been  criticised.  The flight histary of the nilot,
studicd by uy prioc to the delection of the traic is
clear in that he had heen vepearedly  exposed  to
altitudes avound L5700 m (15000 Y withowt any
il effects. During various expaosurves in the aleinde
chiamber  also he tolerated o prolonged  stay at
457 m (1,000 Fy even when the fest was {'.uupft:tl
willh rooderate exercise.  He did nor show
evitdenee of sickling cven after elinical hyposia wis
induced in him at an altitede of 9,1 m (50,000 fr).

in support of the

any

a0

He showed a normal response

rapid decompression and 111111*.:3&?!‘1 1
Iact that his Hb § leve]l was as ]1ig]
isal range anoaickle eoll frait b
reinforoes  these  observalions: ol
individunals with lower amaunts g
more likely to withstamd such expe
corlitioms wilhom any il elferts,
stuy are in combormity with |
ed by Lewis'® that indhviduals wit
not enter a career involving airplined
ever, Lhose already Tt sulb
to Dove the siclle cell Leait, shoul
conlinee  fving
[CAQ  infarmation  paper' suggfi!&:
assessing medical fitngss for as hnuﬁ
gxposure Lo high alrirde 1nc!udmgi
or exposure o hypoxia by other mes
pression chamber) indicating toleram
barvic coviconment  withoor  clinical
sickling should be  specially noted. B
Ghiana In sickle

ounr

trarmetd,

urdler  medical

pilots in whin

fit foor foviher Aving duties alter th
evaluation by Diabanor™ aml Djabunm e
pi]m: i guestion was therelore cong

the standard operational procedi
supplementary oxyvpen whenever thi
excced 8050 m (0,000 1} must be
in his case as an added safoly measme

Clonclosian

Chare detailed stodies onoan :rs:-p;.ﬁr:_u
pilol in whom sickle cell traib was:
a routine medical examination,  hawl
when he was exposed to simulated Hig
including several acute eXposuEs (o 1
nol show any evidence ol sickling ¢
asserseel Lo T fic for full fiying dull;::_g..
Lign to use supplemental oxygen at all

L0060 froas an added safery messung
evidence. suggests hal sickle el et
alreadvy  wrained  for aivcrew duties

rejected outright [rom continuing witl
after adequate evaluation.  Floweyir o
where trained aprcrew womnld  have (ol Bat
{am:] shoufd he very few with ardoma
tests belore their aceeptance for o llving
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m ool sickle cell teait has a “special
ndin, high incidence of Hb § hus
g he Veddoids  of  Nilgivd
ahars of Cenival India. Individuals
cupy showing presence of b 5
ddentihed in rhe Tndian Avoed

attention particularly in the case of
who o hail  from  ethnic  groups
ave. Whether or not individuals with
be accepted for flving in rhe hegin.
:3:1"]')!:}“(‘.}-' maller, 1L is the view ol the
Cunlesst o eounrey's Ay Foree  soffers

poshorbige Tor (lying duties because
gnce of this trait, there is na need 1o
Ei' Is with this aboormality at Lthe stage
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