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review of the aeromedica l aspects of HbAS was undertaken.

The lack of proven inci dents in HbAS athletes duri ng the 1968 Olympics in
Mexi co Ci ty and the perfo rmance of HbAS pro fessional football players tends
to dec rease the inportance of exist ing concerns for the heal th and safety of
HbAS indi vi duals. The absence of definiti ve studi es that prove or disprove
a ca use-effect relati onship be1~ieen sickl e- cell trai t and associated health
risk s woul d, however , s upport the Army ’ s position (AR 40-501 ) of disqualify i n g
HbAS indi vi duals from flying status . The operation al envi ronment of the Army
aviator poses what would appear to represent a signifi cant potential hea lth
risk to HbAS indi viduals. The world-wide mission of Army aviation dictates
that Army avi ators will fly unde r a wide range of op erational conditions .
Missions range from nap-of- the-earth flight to those in excess of 20,000 feet
in unpressuri zed aircraft. The repo rted occurrence of s ick l ing and splenic
infarction in HbAS indi vi duals at relati vely low altitude s provi des addi tional
conce rn for the health hazards to HbAS indi vi duals. The problem of hypoxi a
may be further exaggerated or precipitated by the thermal extremes , dehydration
and the s uperimposed stagnant hypoxi a encountere d in Army aviat i on. The net
result of these factors is the potential for circulatory s tasis and res ul tant
gross desaturati on that may precipitate sickling, crisi s,  or infarcti on .

In light of such risks , even though controversial and tenuous , the question
of cause-effect relationship must be resolved without sacri fi ce of aviation
safe ty or medi cal risk to the indi vi dual. En actua l aeromedi ca l practice ,
the medi cal ethics of protecting the indi vi dual in consonance with pro tection
of the high tax dollar inves tment in training and operational readi ness of
the US Arn~’ aviato r dictates a conserva ti ve pos ture at this time . Def in i t ive
research studies are indicated to fully defi ne the aeromedical risk , i f  any ,
of HbAS .
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SUMMARY

The US Army Aeromedical Center has t ie Department of the Army
worl dwi de mission of reviewing all fl i ght medi cal exami nations invol v-
ing aviators , fligh t crewmenbers , and air traffi c control personnel.
This mission req ui res the aeromedi ca l eva l uati on of a wide range of
clinical enti ties. This clinical report represents an initial review
of the aeromedi cal risk of sick le- cell trai t in Army aviation.

Si ckle -cell trai t is cons idered a contro ve rsial aeromedi cal risk .
It becomes even more di fficul t to assess in ligh t of the operational
employment of US Army aviators in a wide range of flight profi les from
high altitude to nap-of- the-earth operational missions . Currently,
individuals with si ck le— cell trai t are consi dered possible medi cal
risks as well as aviati on safety risks .

This study reviews the q uestion of aeromedical risk and defi nes
the need for further research studi e5 to fully evaluate the cause-effect
relati onship of alti tude—induced hypoxi a , sudde n death , and splenic
infa rction in sickle-cel l trait carri ers. The data retrieval system
of the US Army Aeromedi cal Center Data Reposi tory could be utilized to
follow the natural history of military personnel with sickle-cel l trait.
Clinica l evaluation of sickle- cell trai t from an aviation medicine
perspecti ve wi l l  be a continuing goal of the US Army Aeromedical Center
in order to provi de a sound basis for revision and developmen t of
US A rmy regulati ons .

A4D- ¶
DANIEL T. SANDERS , M. D.
Colonel , MC , MFS
Corwnanding
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ABS T RACT

Sickle-cell trai t (HbAS ) is present in app roxi mately 8% of Ameri can
black recruits and 0.05% of non-black recrui ts. HbAS has caused major
concern in the aviation medi cal communi ty as a possible causal and latent
health-risk factor for aircrewmembe rs . Concern sten~ from reports pur-• porting to show in HbAS indivi duals a ca usal relation between alti t ude-
induced hypoxi a and spleni c infarction and between phys i cal exertion at
al ti tude and sudden dea th. These con cerns have been offset by the lack
of research establishing such a di rect cause-effect relationship. In
li ght of the prevailing controve r~y a literatu re review of the aeromed-
ica l aspects of HbAS was undertaken .ç

The lack of pro ven incide nts in HbAS athletes during the 1968
Olympics in Mexi co Ci ty and the performance of HbAS professional football
players tends to decrease the i mportance of exi sti ng concerns for the
health and safe ty of HbAS indi vi duals. The absence of defi ni ti ve studi es
that prove or disprove a cause-effect relationship between sickle-cell
tra it and associate d health risks would, however , support the Army ’ s
posi ti on (AR 40—501) of disqualif ying HbAS indivi duals from flying status .
The operati ona l envi ronment of the Army avi ato r poses what would appear Hto represent a signifi cant potenti al health risk to HbAS indi vi duals. :1
The world-wi de mission of Army avi a ti on di ctates that Army aviators wil l
fly under a wide range of operational condi ti ons. Mi ssi ons range f rom
nap-of-the-earth flight to those in excess of 20,000 feet in unp ressuri zed
aircraft. The reported occurrence of sickling and spleni c infarcti on in
HbAS indi vi duals at relativel y low alti tudes provides addi ti onal conce rn
for the hea lth haza rds to HbAS indivi duals. The problem of hypoxi a
may be further exaggerated or precipi tated by the the rmal extremes , dehy-
dration , and the s uperimposed sta gnant hypoxia en coun tered in Army avi a-
ti on. The net res ul t of these factors is tne potential for circulatory
stasis and resultant gross desaturation that may precipi tate sickling,
crisis , or infarction .

In ligh t of such risks , even though controversial and tenuo us , the
question of cause-effect relationshi p mus t be resolved without sacri fi ce
of aviation safe ty or medical risk to the individual . In actua l aeromedi cal
practi ce , the medi ca~ ethics of pro tecting the indi vi dual in consonance
wi th protection of the high tax ikll ar investment in training and operati onal
readi ness of the US Army avi ato r dicta tes a conservati ve posture at this
time . Definiti ve res earch studi es are indicated to ful ly defi ne the aero-
medical risk , if any , of HbAS .
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AN AEROMED I CAL REVIEW
OF SICKLE—CELL TRAIT IN ARMY AV IAT ION

INTRODUCTION

The phras e “sickle -cell trai t” refe rs to a speci fi c heterozygous
• hemog lobinopathy (HbAS ) in wh ich indi viduals inheri t one normal hemo-

globin (A) gene and one abnorma l hemoglobin (S) gene . The red blood
cells of these indi vi duals contain both HbA and HbS , the rati o of which
is dependent on the indi vidual production ra tes of HbA and HbS rather than
on the selecti ve destruction of a speci fi c Hb. The HbS of sickle-cell
trait usually wil consti tute 35 to 45% (34) of the total Hb. Si ckle- cell
trait is present in app roximately 8% (33) of Ameri can black recruits and
0.046% (19) of the nonblack recruits .

Although HbAS is cons idere d a benign ent i ty by many , it has caused
major concern in the aviation medi cal comuni ty as a possible causal and
latent health-risk factor for ai rcrewmenibers. This cauti on and concern
stems predominantly from the multi tude of reports purporting to show a
causal relationship between al ti tude-induce d hypoxia and the occurrence
of spleni c i nfarction in indi viduals with HbAS . Most recently, this con-
cern has been heightened by reports of sudden deaths in HbAS recruits
at modest al titude during physica l exertion . These concerns , however ,
have been weakened by the failure to es tablish a cause-effect relationship . 

-

between HbAS and splenic infarction or sudden death in any of the reporte d
cases . The complete absence of HbAS associated “mishaps ” among HbAS
athletes during the 1968 Olymp ics in Mexi co City (7 ,349 feet ) and the
well-estab lished normal performance of HbAS professional football players ,
often p laying at altitudes above 5 ,000 feet , tends to further decrease
the importance of existing concerns for the health and safety of HbAS
indi vi dua ls.

The purpose of this re vi ew is to evaluate the scienti fi c literature
of HbAS , consider current vi ews of sick l e-cell trait with regard to
Army av i ation , an d p rovi de recommendations regarding future research .

• 
~~~~L~_

The fi rs t in-depth review of s ickle-cel l  trait was conducted by the
Na tional Academy of Sci ences-National Research Co unci l (NAS-NRC) in 1973 (34).
This study was prompted by a Department of Defense req uest for assistance
in establishing rational and medically sound gui delines for the screen-
ing , management , and dispositi on of the sickle-cell trait carrier in the
A rmed Forces. Importantly, this Ad Hoc Coniiii ttee was unable to establish
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any scienti fi c basis for excluding HbAS indi vi duals fro m the Armed
Forces or l imi ting their acti vities or duties . However , i n the absence
of conclus ive scient i f i c evi dence to the contra ry , the Commi ttee recom-
men ded that HbAS indi vidua ls be exclude d from duty as pilots or co-pilots :

Except for pilots and co-pilots persons with sickle-
cell trait should not be restricted from flight duty...

The Comm i ttee ’s f i n di n gs and su bsequent recommen da ti on , at fi rs t glance ,
seem somewhat paradoxical. In all probability , this cautious position
resul ted in part from the di sconcerti ng report of sudden death in four
black soldiers undergoing basic tra i ning at 4,060 feet above sea level
( 16 ) and the Commi ttee ’s responsible con ce rn wi th assuring the health
and safety of HbAS service personnel unde r all milita ry operationa l
envi ronments . This was evident from the Committee ’ s proposal for fur-
ther study and is evi denced in the fol lowing statement by the NAS~ 1RC
Comm i ttee .

This study , if properly perfo rmed , would yield data
that mi ght provide a fi nn medi cal and scientif i c
basis to guide the developmen t or rev i s i on of
Armed Forces regulati ons .

Obviously, the proposed study kept the issue open and subject to change
pen di n g conclus i ve research s tu di es .

In 1974 a seminar was held , “Sickle -Cell Anaemi a and Avi ation ” , in
Dakar under the auspices of the Afri can Civi l Aviation Comm ission (3 1).
A principle reason for conducti ng this mee ti ng was to revi ew objecti vely
the reasons why some countri e s excl ude HbAS individuals from flight
status . This Commission concl uded that sickle-cell trait alone shoul d
not be the basis for di squalifying an indi vidual from flying duties .
This conclus ion was based , in part , on the apparent absence of HbAS
assoc iated problems in African pilots flying both pressuri zed and
unp re ssur i ze d a ir cra ft a t var i ous “norma l” operational al t i tudes and
lack of scienti fi c data demonstrating a solid correlation bet~c-en s,ckle-
c~ H tra tt and incident s of incapacitation or sudden death . Fu~- ’ther ,
the repor t concl udes:

the sickle-cell trait individua l presents no greater
rea lth hazard th an the HbAA individual in the aviation •

- 
env~ronmen t.

The fi rst published attempt at resolving the conflicting reports
L r  hypoxia and s i ck le -cel l  trait appeared in 1976 (20) .  The perti nent
c3n clu sion ~f this detailed and excellent review was that the presence

2 
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of sickle-cell trait is not , of i tself , a basis  for the aerome di cal
disqual ifi cation of an indi vidual from flying status . Despite this
seemingly tenacious conclusion , the author vacillates and confuses
the issue by stating:

Physiologi cal training, especially in the use of
oxy gen eq u i pment , i s of great poten ti al usefulness
to the airman with sickle trait. A hypoxi c expe ri-
ence is no t necessary for this tra i n i ng an d sho ul d
be avoided. Trainees of SJ\ genotype should , howeve r,
be encoura ged to observe hypox i c sig ns in  othe r
trainees ...

The enigma of these statements is obvious . If there is no scientific
or medi cal basis for disqualifying HbAS indi vi duals from flight status
it woul d follow that there is no reason to exclude these same indi viduals

• from required hypoxi c training unde r carefully controlled condi tions in
a hypobari c chanber. Chamber fli ghts afford trainees the opportunity
to experi ence and identify their i ndi vidual signs and symptoms of hypoxi a
under safe and controlled conditi ons. Elimination of such training
invi tes disaste r in the operational aviation envi ronment.

The author ’s s taunc h pos it ion is fur ther enerva te d i n the appen di x
of the review where Dr. R. Fi sher , Chief Me di cal Exa m i ner for the State
of Maryland, conclu des :

I am sufficiently convi nced that I would advise any
AS hemoglobin individual to avoid hypoxi c anes thesia
as well as alcohol or drug abuse, or any other s it ua-
tion in which there mi gh t be an episode of hypo tension
or hypoxi a , lest an otherwise survi vable lesion be
suddenly converted to a fatal pro cess.

This conclusion expresses genuine conce rn for the health of indi viduals
with sickle- cell trait and although it contrasts with the author ’s con-
cl usion it is consistent with his recommendation to waive r the hypoxia
training of HbAS indi vi duals. -;

Al though the above review (20) provides convincing evidence and
documentation th at there is no cause-effect relationship between 1-IbAS
and altitude complications/intolerance , i t does su ggest tha t  HbAS may
be an i mportant factor in delaying recove ry from alti tude—induced
unconsc iousness. This has serious imp lications wi th regard tn hig h—
al ti tude missions where hypoxi a represents a cons tant envi ronmental
threat. In terms of hypo xi c-induced sickling and resulting vaso-
occlus i ve disease one mus t cons id er the P02 i n the mi croc i rcula ti on

,3
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wi th the venous P0 (Pv02) considered the limiting factor . Extensive
in vitro studi es (~0,1l ) indicate that sickling I~~ HbAS cells does not
e c e - ir  ~s ua l ly  unti l the P02 IS ~l 5 mm Hg. Relating this to an approxi-
ma te alt ~ tude is not sii ~p le since the effluent Pv02 will depend on a
mu ltitude of f~~CLO I’~~. not the leas t of which is the vascu’ar bed from
whi ch the blood is etu rning. Tissues with a relati ve high oxygen
extracti on Such as the brain , heart , and muscle woul d probably rep resent
potential sick li n g sites unde r hypoxic condi ti ons . For example , the
fe~ora l P v02 at 13,000 feet has been reported to be 20 1- 1 mm Hg at rest
an d 16 4- 0.7 mm Hg wi th mild exercise in norma l subjects (12). These

~~02 value d approximate those require d to induce sickling in HbAS
prepara ti ons .

The concentration of HbS and the ph represent two additona l factors
that IIIUS~ be considered in the sickling phenomenon. ~n general , the
higher the HbS concentration and the lowe r the ph the greate r percentage
of sickling and the higher the Pv02 at which sickling viill occu r (6,9).
Hypoxi a. aci dosis , dehy dration , an~ high concentra ti ons of thS are the
us ual facto rs conside r-ed key to tactoid formation (16). These in vitro
data st rongly suggest that sickling could be a serious problem in HbAS
indi vi duals at relati vely modest altitudes ; howe .’cr , i n vivo sickling
and trapping of sickled e~ythro cytes have not been denonstrated at
an equi valent alti tude of 18,000 feet (10 02) as evi denced by the
lack of disappearance in rats of ch romi um 1abe~ed red i1O~d ce l ls  from
indi vi duals wi th sickle cell trait (4,27). This fin~ing contrasts not
only w iih the in v~tro data but also wi th the observation of sickling
following six minutes exposure of a Caucasian with sickle-cel l tra~t toa simulated alti tu de of l1),000 feet in a hypobari c chari~er (35). This
atte~- ~i ,din g is ir ~cons s Lent w ith  the lack of evidence of sickling

in HbAS cade ts exposed to a simulated altit ude of 16,000 feet in a
hypobor ic chanber (14).

Tr~~ e di ~fere s ces point  out an apparent in~ v 4 dual vari ab i l i t y  that
exists -~it h regard to hypoxic —induce d sick l ing with HbAS . It further
s 4F~est : that v~ Lhin tne popslat ion of m d i  vi duals w i t h  s i c k l e -  :— ~l 

F

t o re i~v P~ is t a s~ —~i I subgroup at serious r isk. i~i ~~~~ ; cc - ~ti cc~~~- ’~nr ~h ‘, s ~~r~cu p  rei~cd ns r-~~~~ ;i ye at r~ i~ t - i~~- , i t  i~ - ‘~~~~~ ~~ Z~~C
u~ - L  tiAs f C ~ iV 1  1u~ls Wi  ‘ h o c  ~- -i: n~~ ge. of -ibS are ;~c c  - ;uscep t ib1~tu sick li ng since 

~~
- - - - -~~ ‘r ni r y s — ’ x i  a re:~u1 rEd  to cd sSC sickling

dep en d s .  in a - - ’ , on Hr pr o - c r t i or cf F i ’ S nresnnt (6,7,9.10). In this
r’~~;a rd . :~ vi t - o  -; i - j c~ e- , sunees t toat  ~;hi m d i  v~ d ia ls  wi th high co nce n—

-
~~ - i u i s u f  ~~~~ rave a ~1sk of s i c k l i n g  that d i f e r s  li~~t i s- from that in

f lf~~ r~~~ F - ~ v - i t ~ic k lc—cel1 disease (15) . rhe reia tive iui o r t ar i ce of the
c’ “ f t  V-~ on - j t  ‘ ia ’ is  rurthe r eL ohas i ~~ by cvi dunce suggesti ng that
Su ( ~~~~~~ ‘~~~tn - ian tr i l  ~~~ S i k i i r q i n  tI non-anemi c ind~ vi dual woul d

i i :  H - / III S • J 1 ,~ — II ’ 11 ta ‘~~; ~v • t’ less t Oau i  40 HhS (26)
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In a recent revi ew of the health risks of s ick le—cel l  trait con-
vincing evi dence was presente d demonstrating that hyposthenuri a , renal
hematuri a , bacteri uri a and pyelonephri tis in pregnan cy , and spleni c
i nfarc t ion wi th h i gh  alti tude hypox ia  occurs w i t h  increased frequency
in sickle-cell trait indi vi duals (30). Certain facts need to be revi ewed
in regard to these findings .

Hematuri a is reportedly so rare in indi vi duals wi th sickle-cell
trai t that causes other than HbAS should be considered in making the
diagnosis (8,13). Thus , its importance as a risk factor must be viewed
with some skepti cism. Hyposthenuri a , on the other hand , although rarely
cons idered a problem in HbAS in di vi duals (34), may have some signifi cance
s ince the kidney mi ght represent an important site for the ini tiation of
sickle crisis in dehydrated indi vi duals with sickle- cell trait (20).
Further, the renal concentrati ng ability in HbAS indi vi duals decreases
with age (32) and coul d pose a potenti al problem in the combat envi ron-
ment where adequate hydration is difficul t to maintain. Despite such
speculation , the evi dence to date suggests that dehydration would not
be exaggerated in HbAS indi viduals (2). Conclus i ve studi es , however ,
have not been conducte d to eval uate thi s potential risk.

With regard to hypoxi c-induce d sp leni c infarction , it has been
argued that most reported cases of splenic infa rction at alti tude may
actua lly have occurred in indi viduals with doubly heterozygous sic k le-
cel l hemoglobinopathies rather than sickle -cell trai t (3). Interestingly,
-it has been reported that the association of objectively documented
splenic infarcti on in pe rsons with electrophorecti cally proven sickle-
cell trait has only occurred in four cases , and two of these pati ents F

were whi te, imp lying a greater frequency in Caucas i ans with sickle- cell
trait (5).  The importan ce of the occurrence of splenic infarction
at altitudes as low as 2 ,500 feet (25) and even under apparently non-
hypoxic conditions (18) cannot be ignored. A predispostion to spleni c
infarcti on has been suggested in indi viduals with a high percentage (>42%)
of HbS (29).

The report of four cases of sudden dea th attributable to sickle-
cell tra i t among 4 ,000 black soldiers undergoi ng basic training at
4,060 feet above sea level (16) prompted the Departmen t of Defense to
seek clari fi cati on (34) of the health risks, if any , of sickle -cell
trait. The Ad Hoc Committee of the Nati onal Academy of Sciences-
Nati onal Res earch Counci l viewed the reCort as ci rcums tantial with no
evi dence of a cause—effect relati onship. Consideri ng that 7 to 9 percent
of drafted Negroes have trai t , 280 to ~60 of the above recruits involved
were at risk. Wi th four recorded dea ths the mortality rate was in
excess of 1 percent (22). Obviously, as suggested in that report , a
1 percent death rate in thi s group from basic training alone woul d
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provi de the basis for exclusion from the military service. The inves-
tigators who initially reported the sudde n deaths conducted a follow—up
pros pecti ve study of 1 ,000 black recrui ts ( 1) that incl ude d 73 indi vi d-
uals wi th s ick le -cel l tra i t .  These recrui ts we re subjected to the sane
s tress and envi ronn~ ’it as reported in their earlier study of sudden
death an d no mo rbi di ty was noted. However , as i s apparen t from the i r
previ ous data (2) onli a maxi mum of one incident would have been anti-
cipate d to occur in their prospecti ve study . Despi te the apparent lack
of conclusive evi dence establishing a fi rm relat onship between sudden
death and sickle-cell trait , clinica l concern continues to exist. For
exam ple , it has been reemphas i zed recently that massive sick lemi a may
occur in HbAS individuals , and that this may lead to s udden death under
certain pathophysiologic conditions such as aci dosis . dehydration , hypo-
thermi a , and hypoxi a (21).

If alti tude and/or exercise precipitate d problems ii indi v iduals
wit h s i ckle -ce l l  tra i t , one coul d po i de r tha i’rported abi l it i  of blacks
with sickle—cell trai t to participate without problem -in phy sica lly demand-
ing sports such as professional football (23). It was noted in this
latte r study that one of the National Football League teams played over
half of its games at an alti tude in excess of 5,000 ~eot and that the
team physi cians were unaware of any problems reldting to the trait.
Si mi larly, 5ic kle - cel l trait p roblems were not encountered among black s
in the 1968 Olym pi c Game s i n 1~exi co Ci ty at an alti tude above 7,100 feet
(28). It is suggested that intensive trainin g may have conditioned these
athletes so that they adap ted to the stress of hynoxia during the stren-
uo us ac t iv ity o f the Ol ympi c Games (17). The apparent lack of trai t
assoc i ate d p rob lems i n thes e stud ies i s consistent wi th earl ier obser-
vations. From a population of 1 ,500 hlaec cadets in training at Tuskegee
Army Ai rfield from 1941 to 1943, no eliminations from the flight instruc—
tion occurre d as a resul t of p ro b lems a r i s in g from sickle -cell trait (14).
Further , the African Ci vi l Avi ati on Commission (31 ) has indica ted that
incident ) of HbAS associate d problems in Afri can pilo ts flying both
pressu -ized and unpressuri zed ai rcraft are reportedly rare , if they occu r
at al l.

Drspi~ o t ie lnc~ of evidence supporting a caesa l re1a~ io’ - s-i i ,i
b~ s- -~ c- , .S i d  ser ious hsa l ti r~ ç~~5 ,  th~ -~2 usudica l reviewer is
plague d b1 the multi tudo Ci pnr:c FJ u - ;’nrt~ ru such a re la t ionship.
Further , one - 

~‘ht c ui ~~~~~~H i - -c n umber of inc~d -? rits that have occurre d
hut cave c it  beeu reporter! in ftc i trrat !;rn as any physicians can

- O (
~ i I I cc an~ cc-  H I  ‘ ca s e ’ in which s ~c~ 1e —c el l  t r a i t  v~as in~ 1icated

I a ca rol as co - d  ti ons and! or sudden de a tc .

-:u. . . ~~u-

~~~ -‘ i n~ ne ~oreg (Ji1s mi te ’ ia i leads to the inescapable concl usion
t ria ’ ~~~~- : r  - t t - l t ra i t is vi n\~ed qui te di ~f~ -erisi y today than it was in
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the late 1960’s and early 1970’s. Sickle-cell trait does not have the
sti gma it once did, and many conside r it a relati vely benign enti ty.
In fact, it is believed that the most impo rtant imp lication of sickle—
cell trai t is a genetic one (24) . Despite this changing atti tude there
can be little doub t that controve rsy still exists even though statisti cal
data linking a cause-effect relationshi p to sickle - cell trai t is
lacking (20,30). This positi on has been summa ri zed appropriate ly (30):

Case reports and clinica l anecdo tes have served
a useful purpose in pointing up the possibility
of meaningful associations , but they do not prove
that associati ons are oi cer than chance .

What is obvi ous , howeve r, is that prospective research studi es are woe-
fu l ly  lacking. Reconsi deration of the NAS-NRC recommendation to disquali fy
pilots and co-pilots havi~ig sickle- cell trait leads to the conclus i on that
this recommendation may have res ul ted , in part , from the assumpti on that
the Department of Defense would carry out the National Research Council’ s
proposed study to provi de the medi cal and scientifi c basis for gui di ng
the developmen t and/or revision of the Armed Forces regulations wi th
regard to the S-hemoglob i nopath i es . Suci a study has not been done ,
leavi ng open the q uestion of “cri tica l ris k subgro up” i denti ficati on within
the sickle-cel l trait population . One study was proposed within the
US Arn~’ Medi cal Research and Developmen t Command , b ut was rejected y
Human Use cons ide ratir,ns . The problem of risk could be partially ci r—
curnvented an d answe red by using acceptable animal models for preliminary ,
yet , deta iled investigati ve studies .

In the absence of definit ive studies that prove or dispro ve a cause-
effect relati onshi p between sickle-cell trait and associ ated heal th risks
the Army ’ s position (AR 40— 501 ) of disqu& i fy ing HbAS indi vi duals from
flying status is not un reasonable. The opoHtional environment of the
A rmy aviator poses what would app ear to rep recent a signifi cant potential
high health risk to HbAS indi vi duals. The world -wi de mission of Army
aviati on dictates that Army aviato rs will fly unde r all operational con-
ditions. Mi ssions in excess of 2O,~)OO feet in unpressuri zed aircraft
are i denti fied. The reported occurrence of cick l in q and splenic infarc-
ti on in HbAS indivi duals below these alt itude s provi des additional con-
cern for the heal th hazards to HbAS individuals. The prob l em of hypoxia
may be further exaggerated or precipi tate d by the therma l extremes , dehy-
dra ti on , and the superimposed stagnant hypoxia encountered in Army aviation .
This latter situation can occur with mild to moderate G- forces and wi th
missions nece ssitating lonn periods of relati ve i mm obilization .

The net result of these acto r’- , is , of cou rse, the poten t i al for
circulato ry stasis and resultant -j r r, - - , desatur a ti on tha t may p rec i pitate
sick l ing, crisis, or infa rction . In 1iq h~ of such a risk, even though
controversial and tenuous , the questi on of c ause-effect relationship mus t
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be resolved without sacri fi ce of aviati on safety or medi cal risk to the
indi vi dual. In actual aeromedi cal practi ce, the medi ca l ethics of pro-
tecting the indi vidual in consonance wi th pro tection of the high tax
dol lar inves tment in training and operational readi ness of the US A rmy
aviator dictates a conservati ve posture at this time .

RECOMMENDATI ONS

1. A study gro up should be appointe d to revi ew and eval uate immedi ately
all the current scientific literature on sickle—cell trait as it
impacts on Army avi a tion .

2. Emphasis and priori ty shoul d be gi ven to establishing an immedi ate
and detailed research study to define the heal th hazards of sickle-
cell trait , i f  any .

3. The US Army Aeromed i cal Center ’s Data Reposito ry should be uti l ized
to provi de long- term eval uati on of any correlati on be tween sickle-
cell trai t and heal th risk.
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