UNCLASSIFIED AD- 0 34

) 2
T

REP CMB No 07040188
“a REPORT ScCURITY CLASSIE CATION T e ¥ Y 1D KEsin vl AARKINGY
Unclassified EI A . i\ .
2a SECURITY CLASSIFICATION AUTHORITE. - $¢ | 3 DISTRIBUTION/AVAILABILITY OF REPORT
; e Approved for public release: distribution
2b DECLASSIFICATION ' DOWN X . I
' w GRAD'NG S‘?”EDU“ . 2 1s unlimited.
- a
4 PERFORMING ORGANIZATION REPORT ’HUMBER(S) HE !i " 1S MONITORING ORGANIZATION REPORT NUMBER(S)
LSAFSAM=-IA-86-19
€a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL Ta NAME OF MONITCRING ORGANIZATION
USAP School of Aerospace (If applicable)
Medicine USAFSAM/NG
6c ADDRESS (City, State, and ZIP Code) 7b ADDRESS (City, State, and ZIP Code)
Aerospace Medical Division (AFSC)
Brooks Alr Force Base, TY  78235-5301
8a NAME OF FUNDING/SPONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTIUMENT IDENTIFICATION NUMBER
ORGANIZATION USAT School of (If applicatle)
fLerospace Medicine USAFSAMN/NG
B¢ ADDRESS (City. State, and ZIP Code) 10 SOURCE OFf FUNDING NUNMBERS
Merospace Medical Division (AFSC) PROGRAM PROJECT TASK WORK u*‘:'\JiT o
Yrooks Alr Torce Base, TX 78235-5301 ELEMENT NO NO NO ACCESSION N
622021 7755 27 1
1 TiTLE (Include Security Classification)
sSnontaneous Frneumnthorax in the USAF Alrcrew Population: A Retrospective atudy
12 PERSONAL AUTHOR(S) )
vone '.; anthracite, RUF.
13a TYPE QOF REPORT 13b TIME COVERED 14. DATE OF REPORT (VYear Month, Day) 1'S BPAGE COUNT
Irntorim FROM 11352 To 1954 1986 ctober 11
‘6 SUPPLEMENTARV NOTATION
article submitted to .f“xyiatLon, Space, and Environmental *“edicine,57 (10 ptl): G39-249 (1286
7 COSAT! CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
E) GROUP SUB.GROUP Spontaneous Pneumothorax(SF), tlight Crews, Dvspnea,
~ Respiratorv Disenses, Rilateral Parietal Pleurectomy,
1 )5 ) . .
:‘,{ T Surgery, Chest Painy Blebs, Bullae, Cysts

9 ABSTRACT (Continue on reverse if necessary and identify by block number)
srontaneous Frneumothorax (SP) is infrequently diagnosed in aircrew personnel. Howovs | once
N

it 1s diagnosed, aircrew disposition becomes a serious concern. To evaluate this problem,

a literature review was conducted to put the disease into proper rerspective. A Jjuestionnaire

was ther sent to all aircrew o the United 3caites Alr Force waiver file who had suflered 37 in

order to galn a retro., . co.ve view of problems and situations encountered. The following

areas were investigated: recurrences ‘fheight, weight, age, smoking history, initial medical

manacoment  syvmptomatology, activity at time of occurrence, relationship to flight duties,

treatment iiven and personal/family history of lung disease. A review of FAA, military, and

NASE v linet roagarding personnel with a history of SP was also done. It is concluded that
Co «wrvcognized hazard to aircrew personnel. Once an SP has been diagnosed in an

«ividual, he/sihe should be grounded from further flight duties until either O vears have
«lapserd without a recurrence or there has been a bilateral parietal pleurectomy.

20 DSTRIBUTION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECpRITY CLASSIFICATION
(K UNCLASSIFIED/UNLIMITED [ SAME AS RPT O oTic USERS Unclassified
2Zla NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) | 22¢ OFFICE SYMBOL
_‘James k. Hickman, .Jr. —ddS12)236-2811 USAI SAM/NG
DD Form 1473, JUN 86 Previous editions are obsolete SECURITY CLASSIFILATION UF 1HIS PAGE

UNCIASSTIFIED




DISCLAIMER NOTICE

o

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




S —

Repnint & Copvnght ~ by
~ierospace Medical Association. Wasmington. DC

Spontaneous Pneumothorax in the

-~

[

! < }
\‘..f:"“j:" S
tS “’\ =z h
USAF™ .
@\

Aircrew Population: A Retrospective Study

91-10024 v

b i

VOGE VM ANTHRACITE ‘R Spontaneous paeumonthorar in the
USAF aircren populanon a retrospective studv  Aviat. Space Environ
Med 1yNa, §7 9309

So vt pr horox (SP) is infrequemly diognosed in
circrew perionnel. However, once it is diognosed, aircrew
disposition becomas o serious concern. To evol this problem,
o literoture review was conducted 10 put the disects into proper
perpective. A quesnonnaire was then sen? to all aircrew in
the United States Air Force warver file who had suffered SP in
order 10 gamn a retrospective view of problems ond situations
encountered. The following areas were investigated: recurrences,
height, weight, oge, smoking history, inifiai medical monagement,
symptomatology, activity at time of occurrence, relahonship to
flight duties, treatment given ond personcl/fomily history of
lung disease. A review of FAA, military, and NASA guidelines
regarding per | with o history of SP wos oiso done. It is
conciuded that SP is an unrecognized hazord to gircrew personnel.
Once on SP has been diognosed in an individual, he/she shovld
be grounded from further flight duties until either 9 years have
slopsed without a recurrence or there has been o bilaterai porietal

pleurectomy.

PONTANEOUS PNEUMOTHORAX (SP) is an

enuty of ertreme importance in the aerospace

community. The condition may bnng about sudden
incapacitation when least expected.

SP 1s a relatively common e=*ity in tall, th'a, ycuag,
heaithy males (17.43,70,90). The incidence rate ranges
from 2—46 per 100.000 (18.48.70.77,112.113) and is fekt
to be increasing (17.27,32). This rate has been found to
be higher in the military population, pnmarily because

This manuscnpt was recewved for review i June 1985 and was
accepted for pubbication in August 1985,

CDR V. M. Voge. MC. USN. is Head. Avianon Mediane/Military
Medine Deparument of the Naval Hosmtal at Corpus Consti, TX.

»end reonn cquests 10 LJIR Voge at Box T29. Odem. TX 78370.

The ogimuons herein are those of the authors and not the USAF.

.1

M. VOGE. M.D.. M.PH.. and R. ANTHRACTL. M D

Naval Hospual, Corpus Chrisu, Texas

that population 1s composed of voung, healthy males (3.
27.99). About | out of every S00 young men mayv have
a mistory of SP (93). The actual incidence 1s probably
higher than that reported since not all physicians report
thesr cases of SP and, if symproms .ic muld. 4 pauent
mav not consult a physician (28).

The frequency of SP peaks at two different
age groups—one large peak at age 20-29 vears and a
smailer peak at age 50-70 vears (4.15.17.20.30.35 44,
46.49.62.63.70.74.88.90.91.95.97.105). The vounger
age group 1s compnsed of voune. healthy males usually
assumed to have suffered rupture of an apical subpleural
bleb or butla (3.6.9.12.14,17.20.24.25.27.30. 36, 38,62,
63.64.70.77,83.91.95.109). There commoalyv 1s no
pnor history of disease. pulmonary or otherwise (62,
70) and occastonally no blebs are found at surgery (70).
Apical bullae or blebs are quite common in the general
population (50) and are usually bilateral (24.25.26.33.
39.48.57.77.95.113). Some fecel that voung. tall. thin
males may have an “hentable” deiect thatis exacerbated
by the greater vertical length of the chest. making the
apex more vulnerable to gravitational stresses (26.107).
SP is usually due to an underlving disease process in the
older population (4,17,99). This older age grouy .. i
not be considered further.

SP appears to have a predilection for males. affecting
up to 5-10 times as many males as females (12.20.24.26.
46,55.60,70,91,95.105). Family history of pulmonary
problems or SP does not seem to be an indicator for
the subsequent risk of SP, although a familial incidence
of 2% has been reported (70.105). Activity level at
the time of SP does not seem to affect Wiz irudence
1aie o1 SP. About 75% of SPs occur dusing light or
sedentary activity or during sieep and are apparently
unrelated to stress (16.17.18.25.28.39.40.56.70.75.95.
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105.112). Some series relate a greater incidence of
SP in smokers: up to 88% of those suffering SP
also smoke (14.20,25.80). Other studies disagree
(112). There is no predilection as to which lung
is affected (17.19.54.61.70.84.91,95,105,112). About
1¢y of ail SPs are bilateral simuitaneously (23.30,46.
$5.70.91.95). Such a condition.even without associated
pulmonary pathology.is potentially fatal (5.21.62.112).
The mortality rate from SP. overall. is less than 1% (18.
105).

Symptomatology of SP usually consists of a non-
productive cough, pleuritic-type chest pain, and dysp-
nea. which may or may not be persistent (14,17,18,
35.35.70.75.94.95.113). The symptoms may be of
sudden onset, severc and life-threatening, with severe
respiratory and cardiac insufficiency. in up to 10% of
the cases. (14.32.70.112). About 7% of SP patients do
not even notice symptoms which might alert them to the
possibility of an SP (17.18.70). Young individuals. even
with the total collapse of a lung. may not appear severely
il (46). Symptoms are more likely to be present if the
SP s bilateral (46). _

On physical examunation. the patient may appear

to be in no distress or may be in acute respiratory
distress (75.113). There is usually no elevation in body
temperature or of the ervthrocyte sedimentation rate
(70}
" The diagnosis of SP is confirmed by chest X-ray (38).
There 1s no radiological evidence of pulmonary discase
in about 80%% of cases. and no evidence of a previous
SP in well over haif of the cases {12,17,30). Patients
are most frequently misdiagnosed as having the flu. an
acute URI. a “circulatory disturbance.”or a myocardial
infarction (46). ' '

The trestment of SP may be conservative or surgical.
Conservative therapy consists of bed rest and/or
needle aspiration {(thoracocentesis) and/or a chest tube.
Surgical treatment consists of chemical or mechamcal
pleurodesis, parcuiai or compiete panetal pleurectomy.
and/or surgical excision of bullae and blebs (62). There
s no consensus as lo which therapy is the best for
nonaviation personnel. 1 spite of voluminous literature
on the subject (99.102).

Conservative therapy is unacceptable in the aviation
community because of the high SP recurrence rate after
such treatment (27,42.62.113).

Surgery for SP is usually indicated when the lung
fails to reexpand after 3-10 d. recurrent SP. tension
pneumothorax, chronic unexpanded pneumothorax.
hemopneumothorax that {ails to respond to aspiration,
bilateral pneumothorax. fistula. or the presence of
thin-walied. air-containing cvsts on chest X-ray (11,
14,20,23.24,65.66,70.,3.50.53.99.102.112.113).  The
goal at operation should be 1o remove the causative
lesion and/or to obliterate the pleural space by the
simplest possibie technique (20.63). Surgery may be
performed through a large thoracotomy or median
sternotomy (buaterai vieb .icaicn and'er bilatar=t
parictal pleurectomy) or a small lateral incision in the
Gifth or sixth intercostal space (23.77.82). It is generally
agreed that surgical ssmphysis does not interfere with
lung function (27).

40 Svianon Space s £ ramemial Medicine - October (950

Pleurodesis is frequently used in recurrent SP (9%,
99).  Pleurodesis may be mechanical or chemicai.
Both methods have their advocates and detractors.
Pleurodesis causes intrathoracic inflammaton o the
extent that the lung fuses to the thoracic wall obiiteraung
the pleural space (55). Many authors prefer mechanicai
pleurodesis to chemical pleurodesis because the former
is less painful and “more cffective™ (20.52.91.99,105.
112). Others feel that chemical pleurodesis—the insuf-
flation of a foreign substance into the pleural cavity—is
the mast successful method of treatment (20,30.42). In
spite of the multitude of chemical agents used. none has
proven satisfactory (1,2,7,8,13.18.20,30.35,42,47,53.
§5.69.70.71,79,90,92.97,98.102.104.108). The major
reasons for chemical pleurodesis’ unsatisfactory results
are that adhesions are either inadegquate or produced
on the diaphragmatic and/or mediastinal surfaces where
thev are of little value (4.29.41). There may also be
increased postoperative morbidity (8,17.24.29.30. 36,
42.44,54 . 58.70,79,102.108). In spite of its morbudity.
chemical pleurodesis cannot be guarantced 1o prevent
further recurrences (10).

Many thoracic centers have abandoned pleurodesis :n
favor of parietai pleurectomy because of pleurodesiy’
high recurrence rate (97). The recurrence rate
after panetal pieurectomy is 0-1% (4.20.30.70.90.95).
It would appear that thoractomy with resection or
obliteranon of blebs and panetal pieurectomy provide
the best protection against both persistent air feaks
and recurrences (20.5:.55).  Swunuitaneous bilateral
thoractomies are a major insult to any patient but.since
the contralateral recurrence rate is so higa. it is oniy
prudent to repair both sides simultaneously (6.77) or
separately. v,

Panetal pleurectomy is fell by many to be the
treatment of choice in persisient or recurrent SP
for those who are sufficiently fit to undergo J
surgical procedure (4,35.42.65.91.95.96.112). Panctal
pleurectomy creates a umform inflammatory surface
with secondary adhesians of the lung to the endothoracic
fascia (20). This procedure s feit to be the best
chance for a permanent cure and that it should be
performed early (4,77,95). Even though thoractomy
and pleurectomy are major surgical preccdures, the
morbidity and mortality are no greater than that for
chemicai pleurodesis (42.95). The complication rate
is extremely low (4%). Some studies report no
compiications, to include recurrences or deaths (4,20,
29.30.95.96). Postoperative pulmonary function tests
have been routinely reported as being normal even
after bilateral procedures (3.4.20.29,30,96). Faretal
pleurectomy is nct 2 radical procedure since there
is little additional trauma compared to mechanical or
chemical pleurodesis. The pleurectomy may be partal
or complete (4,20,05}.

The most common and important compiication of
SP. recurrence, needs special consideration (14,29, 30.
4R ’:. . ;7, 106) st g-.i;:n{s whu C,\y{,";:,'::: P wnsl}
have a recurrence (71). The time between recurrences
is usuallv less than 1 year. (17.39.48.62) and two-
thirds of recurrences will appear wiuhin the first 2

vears after the initial occurrence. The average interval
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perween SPs is about 2.3-3.1 years (17.18.42.74).
However, the interval for first recurrenc  can be as
long as 10-11 vears (17.74). The reporicy recurrence
rates very widely. This wide vanance is usually due
to a) length of follow-up, b) whether the SPs are
suspected or radiologically proven, c) interpretation
of interval history, d) inclusion or noninclusion of
contralaterai episodes, ¢) noninclusion of previous
episodes before treatment—an “initial episode™ may
not be a patient’s first SP, ) type of therapy given
for the SP. and g) size and composition of the study
group (23.49). Each recurrence significantly increases
the chances of another episode (25.49,62). First
recurrence rates with conservative therapy vary from 10—
60% (17.18.24.29.30,34.37.41.45.49.51,57,.59.62.70.
73.80.85.87.89.90.95.97.101.102.105).and tend 10 be
high because the blebs that originally caused the SP are
stll present. The frequency of second recurrence after
conscrvative therapy is 17-80%¢ (14.42.73) and for third
and fourth SP s R0-100% (14,18.24.30.73). Of patienis
with SP. 10-20% will develop SP in the contralateral
side (17.30.61.73.80,90,97) and 2-3% will expenience a
simultaneous bilateral SP (30.45). It s generally agreed
that patients with one or more recurreni SPs should
have some form of surgical treatment since recurrence
risk s o hied (20,32,62,76). Chemucal or mechanical
pleurodess have high recurrence rates varving from (-
N {17 20.30,42). .

Aeromedical Aspects

SP may be innocuous at ground level. It is neither
common nor important stausucally for the ground
armed forces.  The problem 15 more serious for
aircrew members cxposed to the acded hazards and
nsks of flving. with the possibility oi incapacitation
and subsequent wnability to control the awcraft (25,
27.28.68). SP can causc Jistraction because of chest
pain. dvspnca. and hypoxia (28.42.68). In flight it can
cause an aviator to reanquish his duties or to aborn
the mission. OF €an cause a serous mishap or a major
disaster. In single-seat aircraft, SP may cause loss of life
or loss of the aircraft. The cause of the mishap may be
crroneousiv labeled as “unexplained™ or due to “human
error.”  Therefore, one should take a conservauve
attitude when grounding aviators with blebs. bullae,
cvsts, or a astery of SP (27.28.39).

The etiology of SP in aircrew personnel appears to be
simalar to that of the general population, the predispos-
ing pathology being more important than environmental
stresses (28.39.94). Others feel operational flight may
induce SP in an individual with preexisting pulmonary
malformations. e.g. blebs. This is of concern since
ihe individual with malformations is exposed. over the
vears. t3 high G. rapid decompressions. pure oxygen
brearhie s «ath {uiced eapuaticn, incrzased gravitatizoal
forces, and/or chest restriction due to anti-G suits (27,
86.111). The concern is that, at ahitude. the invoived
lung may collapse completely and/or form a tension
pneumothorax (27.42). If one continues to fly with a
SP. further compressiop of the lung with mediastinal
stuft and/or sudden death may occur. Air embolism is
also felt 10 be a danger (39).

The onset of SP is more likely qunng nonflying
hours (28.39.94). There have been retauvely few
cases -eported during flight (12%¢) or in low-pressure
chamoers (LPC) (4.17.25,28.34,39.48.51.102).

Conservative therapy is not appropnate for aircrew
personnel becauss of the known high recurrence rcte
of SP and its attendant dangers at aiutude (27.62.113).
Some authors feel surgical correcuion 1s the treatment of
choice. even in those who have not expenienced an SP
but who have significant bleb formation with expansion
at altitude (39).

Return to flight status after an SP should be based
on a thorough aeromecical evaluation and examination
(28).  The civil aviation and mihtary regulations
governing the treatmenvdisposition of an aircrewman
with an initial episode of SP vary greatly  (31.67.72.
100.103).

METHOD

A retrospective questionnaire study was carned out
by reviewing the cases of 147 aircrewmen with a story
of SP in the USAF Waiver File at the US. A
Force School of Aerospace Medicine.  Eighteen-tem
questionnaires were sent to each nvolved aircrewman
1o ascertain the peculiarities of his expenence.

We conducted a fiterature search for general infor-
mauon. signs. symptoms, incidence. compiications,
treatment madalities. and rccurrence rates of SP.
From this we hoped to determinc the most rcliable
therapcutic modality to ensure nonrccurrence in the
aircrew population.  ln comjuncnon with this. we
reviewed the U.S. Navy, U.S. Awr Force. U.S. Army,
NASA. and the FAA Rcgulations concerming the
disposition of aircrewmen suffcging SP (Tabie 1)

RESULTS

Of the 147 individuals identificd in the USAF Waiwver
File as having suffered SP. 2 were cxciuded trom the
survev for administrauive reasons. 2 were deccased. and
1 refused to answer the questionratre. leaving 3 possible
142. Of these. 4 were excluded because thev suffered
a traumanic pneumothorax rather than a spontaneous
pneumothorax. Of the chgible 138 aircrewmen. 112
responded to the questionnaire for an 81% return rate.
Of these aircrewmen. 41 are stif actively flving. The
follow-up time vaned from less than 1-32 vears with an
average follow-up time of 10 vears.

Recurrence

There werc 151 episodes of SP in the 112 aircrew
members responding. Of these 112, 28% ¢xpenenced a
first recurrence, 23% of this 28% experienced a second
recurrence, and 14% of this 23% expenenced a third
recurrence for a total recurrence rate of 355, No one
in our retrospective study reported more than four SPs.
The average -z of §rst o~turrencs w22 27 vanzg, at first
recurrence 31 years, at second recurrence 34 vears. and
at third recurrence 36 years.

The time interval between initial SP and recurrence
was skewed toward somewhat ionger intervais compared
to other series (17.18.39.42.48.62.74). Of all recur-
rences. 56% occurred within 2 vears. 77% wathin 6
vears. and 95% within 9 vears of the preceding SP.

cioper O%A 941

Avwnon. Space. und Environmenal Meaicine




RETROSPECTIVE STUDY OF SP—VOGE & ANTHRACITE

TABLE 1. RULES AND REGULATIUNS GOVERNING SPONTANEOUS PNEUMOTHORAX.

Entry Into Rlight Program

Spontaneous pneumothorax
is disqualifving for

aviation duty

-uniess resoived radio-
graphically and no
underiving disease 1s
present

Federal Aviauon
Admnistrauon (31)

LS Navy (67} Spontaneous pneumothorax
is disqualitying ior

aviation duty

-if present within 3

years of examinaton:

-uniess surg'cally

corrected if no signficant
residual disease or deformity
cxists and pulmonary function
tests are normal

US Army (10 Spontaneous pneumotharax 1s
disquaisfving for aviation

duty

Af present withan 3

years of cxamination

-uniess surgically corrected

if not sigmificant residual
direase or deformity exists
and puimonary function tests
arc normal

U'S A Furee (100 Spontanecus pneumothorax s
disqualifving for aviation

duty

-by history

Spontancous pacumothorax is
disqualifving for aero-

space duty

-by histerv

-unless surgically corrected
and without recurrence for

$ vears

NASA (7D

Retention In Flight Program

Spontaneous pneumothorax is disqualifning for aviauon duty

-uniess resoived radiographically and no underiving disease 1s
present

-if reccurrent by history

Same

by hsstorsy, cxeent g ungic eoisoade Mav be wancd 1f compicte
recovery with full lung cxpansion,

nurmal puimonary funcuan (csts, and no

underiving diseaswe

-uniess successful pieurodesis performed and rormual puimonan
funcnion tests. sfter 6 months of obscnatigh

trequires hvpobaric chamber cvaluation) )

-uniess surgicalls corrected withaut recurrence for six months

The follow-up interval after an imtial SP at which the
probability of recurrence becomes negligible 15 about ¢
vears. The mean interval between SPs was about 3 vears
in all cases.

Height, Weight, Age

The average height of our study group was 71.7 in and
the average height of those currently acuvely flying is
73.4 in. The average weight of all respondents was 173.6
lbs (Fig. 1). The average age was 43.4 years overall
and 40 vears for those still actively flying (Fig. 2). Of
all respondents. 41% were under 40 years cf ags. and
48% of all aircrew in our population currently flying are
under 40 vears of age.

Smoking

Of the aircrewmen in our series. 79% have a positive
smoking history. with an overall average of 30.75 pack-

942 4sianon. Spece. and Environmenwl Medicine - Ocrober 1985
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Fig. 1. Height and weight of all circrew and those currently
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NuMBIR DF DALRINMEY

AGE TRy

Fig. 2. Age ot occurrence of SPT and current age of populgtion.

vears. There is no direct relationship between pack-
vears per individual and number of recurrences. We did
not obtatn dats on whether the aircrewman is a current
smoker or not. Of aircrewmen under 40 in our study
group, 657 arc nonsmokers. However. only 31 of
current flvers under ) vears of age In our group are
nonsmokers (Table 1.

Imual Treaiment

Only 827 of pauents with SP were seen by 2 flight
surgeon The delav in secking medical attention vaned
from (-336 h with a mean of 29.6 h. a median of 4 h,
and 4 mode of 0.5 h (Fig. 3). Of the patients. 32%
watted | h or less and S4%% waited 4 h or less 10 see a
phvsictan: 217 waited more than 24 h 1o see a physician.
All but onc of thosc with 2 second or third recurrence
sought medical attention within 3 h of occurrence, the
fatter waiing 12 h.  The reasons given for delaving
medical treatm2nt were fear of grounding. distance from
or avalability of medical services. and/or the lack of
severity of symptoms.

Svmptoms

The most frequently reported svmptoms were pamn
(89€C). dvspnea (61%). difficulty moving nght or left
arm (6¢). fatigue (6c). near loss of consciousness
(6%). and URI-tvpe svmptoms (6%). Other symptoms
mentioned were sore throat. cyvanosis. heartburn.
cough, “thought was having an MI.” nausea. audibie
heart beat. dizziness. increased pulse rate. audible
pleural "knock.” difficuity running or jogging. choking,
diaphoresis. weakness. cramps. fainting, paleness. fear,
“didn't feel like smoking.” and tachypnea (Tabie III).

]
5
£
2.
2 |l
Al ,
i1 i ! l ! l 1
! ; o 'y
‘Hl’,l !YL" ‘ %I i LE‘" ‘_ ' *
Fig. 3. Time delay in seeking medicol attention aiter exper-
encing SPT.
kmie-like. dart-hke. similar to a “pulled muscie.”

cramp-like, like a4 “stee! band”™ on chest: pain on
bending over. moving. or with cxertion: and v vanous
locations such as shoulder blades. shoulder. buck upper
chest. under nb cage. 1n arm. ctc.  Some patents
expenenced no pain.  Other individuals expencnced
pain so severe 1t caused them to double over and
almost lose consciousness. Two indniduals cluimed no
svmptomatology. staung that their SP was discovered on
a routine ¢xamination.

Actvuy,

hJ

There was no refationship bétween actnity leve! and
the occurrence of SP—24% were sleeping. 337 were
participating 1n mimimal effort activities (suing at desk,
eaung, etc), 18% were involved in moderate cffore
activities (getting 1n and out of car. walking. ¢tc). and
11%% were involved 1a great cffort activibies tracasthall.
jogging, tenmis. etc). Five pescent of the individuais
could not remember what they were doing 4t the ume
of symptom occurrence.

Flight Relaucnshp

Of those answenng the quesuonnaire. “0% have
flown military aircraft within the last 4 vears ([980-X3)
{Fig. 4). Only 3% last flew prior to 1970. Thirtv-seven
percent of aiccrewmen admitted to having flown within
the 24 hours before or after their SP. Of this 37 63
had been flying “straight and ievel!™ profiles and 37%

The pain had many different charactesistics, such as  high-G or rapid-change-in-altitude profiles. Of those
TABLE I1. SMOKING HISTORY OF AIRCREWMEMBERS WTTH SP.
56% of non-smokers are currently flving
24% of current flyers are non-smokers
22% of all flyers are non-smokers
17% of {ormer fivers are non-smokers
65 of thote under 40 years of age are non-smokery and 41% of aircrewmembers
are under 40 years of age
31 of current fivers under 40 vears of age are non-smokers
Avanon space and Environmenta: Medicine < ionngs e (e
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TABLE I1I. REPORTED SYMPTOMATOLOGY WITH SPONTANEOUS

PNEUMOTHORAX (n

12).

SYMPTOM NUMBER (%) SYMPTOM NUMBER (%)
Pain 100 (89) tachvcardia 2 2
Shortness of breath 68 (61)  choking 2 (2
Difficulty moving 7 (6) pleural “kn~k™ 2 (D)
arm or leg sensation of “something 2 )
Near loss of 6 (5)  moving i chest cavity”
consciousness diaphoresis 2 (2)
Tired'fatgue [} {5)  difficuicy jogging 2 (2)
URI symptoms 6 (5)  running
Cyannsis £ (3)  weakness ! m
Sore throat 3 {3)  cramps 1 (h
Loss of consciousness 3 (3} famsune ! (1)
Nausca 3 (3) paleness ! (h
“Heariburm™ 3 (3} fear t (1
Cough 3 (31 ~didnt feel like 1 (h
Thought was having 2 (2} smoking”
MU tachvpnea 1 (H
Audible heart beat 2 ()
Dizniness 2 ()
“ 23%. The rcported seventy of svmptoms frequently did
9 not coincide with the mircrewmembers’ evaluauons of
the svmptoms’ effect on flight safety or incapacitation.
(Table V).
. 7 Treatmen:
5 .
i While 67 of paticats were treated imtially with
1w a chest tube alone or in combination with other
: procedures, 195z were given “no treatment”™ (bedrest).
3 After the first recurrence, only four patients were
o treated surgically while three individuals were given “no
treatment” (bedrest). Afier the Yecond recurrence. 71
were treated surgically.  After the third recurrence,
100%z had surgery (Table V). Only 35% of the aircrew-
e 4 et yoos . members still fiving have been surgically corrected.
All but three were surgically corrected after one or
Tus st A more recurrences of SP. The treatment modalities were
Fig. 4. Last yeor of active-duty flying for each aircrewmon. reported by the patents and we cannot verify them.

who suffered an SP within 24 h of flying, 30% suffered
it dunng flight. Several individuals elected 1o fly
immediately after the appearance of symptomatology.
Seven percent of the aircrew had been in a low-
pressure chamber (LPC) within 24 h of their SP. All
had experienced rapid decompression during thewr LPC
flight, and 86% of these experienced their SP dunng the
LPC flight. Of these. 80% experienced their SP during
ihe rapid decompression phase.

The question “Could the symptoms have com-
promiscd flight safety had they occurred in the air?” was
answered affirmatively in 28 cases (19%: and “"maybe”
in 27 (18%). Thus, 37% of aircrewmen reported
that the symptoms would or could have compromised
flight safetv had they occurred in the cockpit environ-
ment. The question “Were you incapacitated by the
symptoms?” was answered poitively by 27 (18%) and
“maybe ' by 7 (5%) of the aircrewmen. for a total of

944 Avanon. Space. and Eavironmental Medicine - Octoder. 1986

Famuly and Personal History

There is no correlation between expenencing an SP
and a personal history cf tung disease. Immediate blood
relatives seem 10 have a higher incidence of lung disease
and SP compared to the general population. however.
This has not been reported previousiy.

Current Aircrew Siandards

All agencies reviewed (civilian and military) have
unique dispositions for aircrew members who have
suffered an SP. Grounding periods vary from none
for a single episode to 5 years following surgical
correction (Table I). NASA (72) has the most stringent
requirements, dictating a 5-year grounding period after
surgical correction after an initial SP episode. The FAA
(31) requires only that the SP be resolved radiologically
and that there be “no underlving discase.” The
three military services (67.100.103) dictate that SP is
disqualifving for aviation duty if the individual is an
applicant for a flight program. However, once in the
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TABLE IV. AIRCREWMEMBERS' RATINGS OF REPORTED SP SYMPTOMATOLOGY
AS TO WHETHER SYMPTOMS AFFECTED FLIGHT SAFETY OR
CAUSED INCAPACITATION.

Flr._Safety I “apagitanon

Left shoulder and arm pain; thought he no no
was having an M.{.

Deep chest discomfort. aching pain. no no
positonal mild dvspnea

Pain in left lung: difficuity breathing: ves 80
left arm pan: dizziness

Lefi-sided pan: couid not take full breath: no na
crushing sensanion

Extreme pain in upper chest; “thought | was mavbe no
hasing an M.1.”

Coid swcat, pale. shortness of breath. ~1007; > no
oxsgen and onc good lung would be
sutficient to fly”

Sharp pamn in collar bone: couid oniv breathe mavbe N
with hack ngd

Rapid and chatiow breathing with sham no R
pain on deep nsprration in chest and
nght shoulder blade

Sharp chest pain: shight weakncss in leit no o
arm . avanoss, fatigue

Sharp pain in lower left back. not severe N A M
cnouen 1o ammobihize. troubic straignieming
<P

Puin et chest: shortness of breath, ven 1w fin

uncomtortable; “thinking 1t was indigesion
I yst wanted to get on the ground™
[ xtreme pasnon sicrmum and became verv fircd oS A
~ame shoriness of breath: cifficulty in
moving nght arm (hmited movement)

Sham burming pain in chest: 1 fcit no no no
imparement of thought or coordination
Chest pain. shortness of breath. 1 had chest no n

rain cnd could not take 3 deep breath, but
| was able to move about. never lost
cnnsciousness or felt hke way going 1o

liwe consciousness”

TABLE vV REPORTED TREATMENTS QF SPONTANEOUS PNEUMOTHORACT »
OF THOSE WHO RESPONDED n =151)

Ist Ind g e
TREATMENT NCCURRENCE OCCURRENCE OCCLURRENCT OCTURRINCE
Chest tube <9 3 - _
Surgen 4 18 < !
Cavpen I - - -
Needle asprration 7 1 - -
None 21 3 2 -
Chest tube plus surgery S 2 - -
Chest tube pius orveen 9 ! - -
Chest tube plus needle aspiration 1 - - -
Needle aspiration plus oxvgen 3 - - -
Needle aspirauon plus surgery - 1 - -
Chest tube. oxvgen. and surgen - ! - -

program. there are no firm guidelines regarding aviation  rates were lower than those reported for the general
duty after an SP. population (17.18.24.29.30.33.37.41.45.49.51.57.59.
62.70.73.80.85.87.89.90.95.97.101.102.105}  Several

DISCUSSION reasons for this may be: a) those who did not respond to
SP may te a senous. incapacitating malady in the  the questionnaire may be a unique group. b) the aircrew
aviation enwvironment. We found USAF recurrence  population mav underreport symptoms, the number of

S
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occurrences. or the number of recurrences. ¢) some
of the aviatars had a very short foilow-up period of
only | vear, and d) c.ndusions drawn from such a
smail study group are uncertain. The length of time
between recurrences in our populaucn was similar to
that reported eisewhere (17,18.39.42,48.62.74). This
heips support the contention of underreporting by our
populauon. We did not calcuiate SP incidence rates.
\We {eel only a portion of SPs which actually occurred
are reported in the Waiver File. This mav be true
{or many reascns. Principie among these are: a) the
svmptoms were not severe enough to cause the aviator
10 seek medical aid. b) the aviator may have sought
aid in the cvilian community, ¢) if the aviator sought
4id. the SP mayv not have bzen recognized. and d) if
the SP were recognized. 1t may not have been reported.
It seems safe to assume that the recurrence rate in
the USAF aircrew population should be at least that
reported by others.

The mean age of those suffering SP in our group was
greater thun that found in other studies ‘4,15.17.20.30.
315.44.46.49.62.63.70.74.88.90,91.95.97.105). There
mayv be two reasoms for this. After prolonged penods
of G-sut posiive pressure breathing, O, breathing,
4nd G stress. the Jungs may becom: more susceptible
1o an SP (27.86.111). More reasonablc is that the
wrcrew population 1s a skewed population as far as age
n concerned. Very few individuals become aviators
in thewr teen vears or during their early 20s.  This
carly peniod is usually a2 ume for college preparation
¢nd deasion planmng. Those who enter the military
aviaion community more frequently are in thesr middle-
to-late 2ts. Tnose who suffered an SP b=fore reaching
this point 1n their lives would have been rejected from
the avwtion program because of the almost umiversal
disqualifving clauses regarding a previous SP.

The study group population is taller than the general
population. Thosc with a history of SP currently flving
are vounger than and an average of 1.7 in taller than our
entire SP population, although population norms have
been getting taller cver ithe vears. The overall height
of the study population helps to confirm the general
feeiing that SP occurs in 1ail. heaithy r ales (22.40,
42.43.78.90.110) and that SP may be due to traction
on the apical regions of the lungs causing formation
of bullae and/or blebs with eventual SP (26.107). We
do not have informanon on the SP patients’ weights
at the time of their SP experience and, consequently,
cannot make accurate statements regarding the weight
of individuals experiencing an SP. However, the mean
weight of current flyers is 6.5 lbs less than those not
currently on flving status. At the time of occurrence of
an SP. an aviator would be more likely to be thinner
than our data presently indicate, and tall.

Some studies report a high incidence of smokers in
their SP population while others do not (14.20,25.80,
112). Qur data agree with the formes. Smokers made
up 79% of our population. The exact mechanism for
this relationship is unknown unless it is refated to the
chronic irntative qualities of cigarette smoke along with
a facilitation of emphysematous pockets. We have no
information on the pack-vear history of the smokers at
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the ume of therr SP. Many aircew members rmpored
stopping smoking after their inual SP. Of inte.2<t is
the lack of correlauon between the individual pack-
year history and the number of SP recurrences. No
correlation existed berween smoking and SPs occurring
in an LPC or in a high-G environment. An interesting
project would be to study SPs in future popuiations to
determine whether the incidence of SP decreases with
decrease in the number of cigarede smokers.

We found a relatively high occurrence of SP in
familv members.  This relationship has not been
previously reported. although it has bren considered
(70.105). Lacking other information on the involvec
family members. we can make no further observatcas.
The aircrew members having family members with SP
were taller than our population’s mean. however.

Our population tended to seek medical attenuon
much more quickly than its ¢ivilian counterparnt (14,
17.79). This action may have several explanations: aj
the military aviator 1s conditioned to scek medical mid
when he does not feel weil, b) those who had symptoms
were sufficiently fnghiened by them to seek medicui
attenuon, ¢) we only have infermauon on those who
sought medical atteation from mulitary physicians. not
on those who sought aid from civiiiun physicrans, )
many of those with minimal svmptoms mav not have
sought medical attenuion for fear of grounding or fuijure
1o appreciate the sigmificance of the svmptoms.  The
individual who waited 12 h to seek medical mid after 4
recurrence of SP was on a campiny trip in the wilderness
He could not have sought medical attention sooncer
He di1 admit to seeking civilian medical attention and
negiecting to inform his flight surgeon or the military of
the SP recurrence. N

Most of the svmptoms clicited were simuar to those
previoust. reported (14,17.18.25.35.70.75.94.95 112,
113). Our group also rcported many syiaptoms not
previously found in the hterature. These “unusuai”
svymptoms were occasionally the only svmptoms expern-
enced. c.g. sore throat. However. the SP mav be
incidental and unrelated to the “unusual™ svmptoms
One must always consider SP in any voung. tall male
with a positive smoking history and chest symptoms.
even with no temperature or ESR elevauon (70)
Symptom severity is not of assistance in the diagnasis
of SP for the symptoms may be of any degree. Other
studies report 3 10% rate of severe svmptomaiology
with SP (14.32,70) while 28% of our group reported
severe svmptomatology—pnmanly pain and/or severe
shortness of breath. The seventy of our group's
reported symptoms further indicates that many of those
with mimimal symptomatology may not have reponed
o military physicians. It must be remembered that this
is a retrospective study and that the patients are most
likely to remember the symptoms that were the most
distressing (o them at the time, forgetting about other
symptoms.

Incapacitation is not the only danger of an in-flight SP.
Just the stress of one’s body malfuncuoning may be the
cntical factor in high-performance aircraft maneuvering
of in an aircraft mishap. Such added stress 15 especially
criucal in single-seat aircraft where no one can take
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over for an ailing aircresmman.  Even in dual-piloted
aircraft, insufficient ume may be available 10 correct a
detenorating situation dunng cntical maneuvers.

Our data agree with the literature in that well over
haif of our population was either sleeping or exercising
minmimally at the time of the SP (16.18,25,28.39.40.
36.70.75,95.105.112). The ume of SP occurrence has
iittle, 12 anything. «0 do with activity. The only detractor
to tlis gen. ral statement 1s :he reiatively high number
of SPs cecurning dunng RDs or pressure changes.
This refatonship has not been previously reported (4.
17.23,28,33.39,48.51.103). Although significant when
considered as a percentage of all SPs experienced. the
relationship s not sigmficant when one considers the
ennre arcrew populaton. It would be difficult to devise
a svstem 10 screen out RD-provocable SP individuais.
We do not know whether these individuals had buliae
or blebs radiologiczily 3t the utme of then RD or
how many RDs they had expenenced berore therr first
preumothorax.  An anteresuing area for invesugation
would be to study the RD relationship (o SPs.

We found no correlation between wight expenence
within 24 h of an SP and its occurrence.  The
aw-octaton of SP with flight <ceme« 1o be coincide.ntal.
However. one-third of SPs did cocur within 2o b of
flr 5t outy and 30% of these aviators were actually
fiving at the ume of their SP. The danger of an
mcupacitsting cvent was present in these individuals.
When che proximity of an SP 1o a flight expenence
is coupled with the finding that over one-third of the
arcrew members feel thar SP experience could have
compromised flight safety. 2 decomes apparent that we
must try to prevent SPan flight. The large number of
durrrewmen reporting that their SP could have had an
advene cffect on Might safety s probably facutously
low when one considers that many -ndividuals failed to
recogmze or appreaiate the severity of their svmptoms
(Tuble IV) The same observations may be appited to
the responses received regarding incapacitation.  One
quarter of “hosc responding feit that they may have been
incapacitated by theiwr svmptoms: not “impaired.” but
“incapacitated.” This is 3 strong testimony by aircrew
members themselv=s on the dar~er of inflight SP.

Once an individual has experienced an SP, he should
bz prevented from pursuing awcrew duties as long as
there 1s a reasonable risk that he will experience another
SP The literature states that conservative therapy s
neither appropnate nor adequate in the treatment
of aircrew members with SP (27.62.113). Opinions
regarding chemical and mechanical pleurodesis vs.
panetal pieurectomy are not as well delineated (42.46.
99.102). Pleurodesis is not the surgical method of choice
because the recurrence rate after pleurodesis can be
as high as 30% (10.17.20). no method of pleurodesis
has been demonstrated as the method of choice (20.24.
J.36.42.52.55.70.79.91.95.99.102.105.112.113). and
pleurodesis carries high morbidity. Parietai pleurectomy
has a very low recurrence rate of 0-1% (4.20.30.70.
90.95) and very low morbidity and mortality (20.42.
95.96). Panetal pleurectomy must be done bilaterali-
since there is a contralateral recurrence rate of up to
20%%. and the pleurectomy must be complete (6.17.30.

61.73.77.80.90.97). The requirem=nt for a compietc
bilateral panetal pleurectomy is exempiified by one of
ous aircre members who had a parual (apical) bilatera]
panetal pleurectomy. He subsenuently expenenced
a recurrent spontanecus pneumotilorax in t.e basal
pornon of one lung. The oniy viable aiternauve
w0 complete panetal pleurectomy (s to abserve eucn
aircrewman for a period of tme sufficient to ensure
that his nsk of experiencing another SP 1s mimimal (9
vears). For all pracu-al surposes. an aircrew member
experiencing an SP :.ast either opt for complete
bilateral panetal pleurectomy or must scek a new career
field. Since the incidence of SF is low (18.48.70 7/ (12
113). such a requirement would not prese~: a nardship
to militarv or civilian agencies. “Caus. undete rimined”
or “human error” mishaps occur frequentiv. We have
no » .v of knowing how many of these mishaps have SP
as a contnibuting factor. The U.S. miiuny services and
aivilian agencies need to make changes in their current
regulations regarding aircre wmen with an intal SP
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