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SPIROMETRIC ASSESSMENT OF POTENTIAL RESPIRATORY IMPAIRMENT
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IN GENERAL AVIATION AIRMEN

L. Introduction. .

Chronie obstractive p]llrnnn ar v adiense
(COPD)Y mainly  encompusses  emphysen,
chivonie bronehitis, and asthhima, Recent statisties
widieate an inereasing prevalence of COPD in
the Ametican populations = The risk of in-
etrring COPD s estimated at 5 to {0 times
greater inoen than in wemen'  In” reneral,
COPD i~ positively corvelated with awe. inhaled
cigarette smoking, and  contamination of  the

S gieon~ ervironment,”

CNeveral varintions of COPD of “sufliciem de-
gree to he svmptomatie™ aml or *1o inter{ere
with pulmonary funetion™ are mmong the condi-
tion~ for which medical certitication of aivimen
is denied or deferved Quantitative spirometee
standands for heal by, normal Nmerican mate:
have been establizhed by previous studies™
Quantitative spirometry in a recemt study of 257
commercial airline pilots (4059 yr of age)
showed that wminor-to-moderate spiremetrie -
pairment exited in 12 pereent of thi= population
and was high!y correlated with age and eiga-
rette  stoking,!  Unless  elinieatly  indlicated,
yrantitative =pironietric evaluation is not a man-

aatory part of the aeromedieal  examination,

Minor-to-nderate spivometric impaivment conld
adversely atfeet safe flight by the general avia-
tion pilot breathing only ambient air at enbin
altitudes approsching 120500 {1,

Currentiy, published prevalence data on minog-
to-moderate degreesx of spirometrie impairment
in general avintion pilots do not appear to exist,
Based o gquantitative <pivometry. the main oh-
jeetives of thix study me to ascertain if nanor
spirometric impairment is present or exceeded in
the male general aviation population and, if
present, nt what age threshold such impairment
apprars in the nonsmokers (NS}, smokers (8),
and ex-smokers (EN) of this population, I
spitometric impaivment is present to substantial
degrees, additional reseaveh can be initiated to

text the effeet of snel degrees of impairnent on
eritical aspeets of safe flight, Any adverse effect
revealed by suel testing voubl be conntered by
att edneationad Advisory Cirendar and or e
fornmbation of o relevant servening aeramedieul
stunddard  based  on guantitative  fpivometrie
vadues,

II. Materials and Methods,

Nelootion uf .\u’rj: ot~ Volinteer wales, 30 \l
of age or older, were reeruited from personnel
of the FAN Neronautical Center and ve<idents
of communities surrounding  Oklahoms City,
Eaeh volunteer was a general avintion pilot and
possessed 1o current airman medieal certifieate at

the time of spivometric assessment,  Prior to.

spirometry, each subject was examined medieally
for any theracie condition that would preclude
testing of this types .\ questionnaire on smoking
history® amd one by the British Medieal Re-
searels Council (BMIRC) on respivatory svmmp-
toms"" were completed by all subjects, Age,
height, weight, Framingham relative weight, and
total mimber of pack years of inhaled eigarette
smoking for all subjects in each smoking eate-
gory are sunmmarized in Table 1,

Npivowmdtey  Protocal, N1 spivometry was
condneted in a temperatere-controlled room with
seh subject seated in 4 comfortable  padded
ehair, X\ Collins 135-Titer spirometer was used
to obtain tined paper recordings of the expira-
tory forced vital eapacity (*VC) and wmaximum
ventilatory volume (MVV) manenvers,  Both
mnenvers were condueted o gecordianes with
standardized  elinieal  spivonetry proceduress
For each of these two manenvers, the best re-
cording from three maxinnon efforts was seleeted
for subsequent analy=i~’* From the ' FVC re-
cording, the Lsee foreed expired vohine (FEV)),
the FVC and the foreed midespivatory flow
(FEF. %) were measured hiveetly, The
FEV FVCOx 100 (FEV%) was edenlated by




Ty LONS won-mober nevers snloed, o
smohed for- 1 pack sear and bad it tor 0
Aot~ s ekt D ement cnoher waitlh g
total siohmye amouin of L pack venr-, b
exstoher total simohine aoonnt of o packy
Aears and had |'|lllrlll|_\ gt Tor -6 nonthe,
Pack vear an averee ol 20 cionneites stniohaed
er ||:|.\ per yvear, .\:‘1‘ t':llr!ll:lll'«l to the neay
ot |'c-i||!-||'lt'~l ARKIEN e hevehn e v mens
red an stockme fect, WU weivht in Le
essnred <hitless el <hoelec< amd corrected
tor resulual clothing weight, FRW  Foon
inzhan relative weight factual weizlit i
ported= 156 pounds - b (HE in inches G0y |
ton e

_Smoking Categories
NS .S ES

Age M 455 445 a8
) SE 1 (2 0
Ht  mf 1755 TS5 1745
{cm) SE 08 08 08
Wi m| 831 84, 820
(kq) Seff 15 - 17 19

) SE 1.6 19 1.8
Amount  mj ol 296 325
Smoxed  sefl ooor 2.4 35
{pack yr)

N 69 55 57

using the direetly measuved parometers, X 12-
.~('("pm‘liun of the best 2000 MVY pecording
was measured amd proportionalized to represent
the MYV per minnte. A gax volunmes were
corteetsd to BTPS, As a correlate of FVC,

Ceirenmiterentinl chest exphansion c(maximom in-

spiration, minns maximum expirastion) was meas-
ured in centimeters horizontally ot the nipple
level with a steel tape aecording oo standard
anthropomerie procedure.”

I Resultd,

BURC (pustionnaive,  This questionnaire
covers  seven  sabjective  respiratory symptom
areas and has @ total of 27 ves no questions,
Tuble 2 Fllll!lll:ll'i‘: ~ the pereent of =y answers

For all <ubpects i eac b aee b o ol iehoe
vittezory, b the call oo™ catecva s nens ok
e amantfeted the fowe b snbgectine o poratony
svimptone Tollowed i wevcahiny order by e
en ~nolers :|I|-| THNGE 4l ceteyad ~>\‘|||.In
netie separation of the thyee apoloane cateonnge:
wis even pte steeentoated i each o the
“eonuch” pbleon” “hocathie e e beesime”
and “weathor” cateceol - ol the ttie Tionnagte,
The -nadler percentise of e pratory -yvnipaons
m o the ex stk t’HH!i’.‘lll"' with 1the cneder-
may retlect aoreal honetit of quitting vhe badar,
Within each ciokinge catesory, the rcetationship
of inereasing ~abjective syvmptons with aee was
not s clear ent as micht be expeeted, Fhe ane
(‘\p(‘('h‘d }lv\\'|'~l |N‘|'1'4 el Hf "\IHIH”III‘ Iu«‘lll'l'l‘!l
in the nonsmoher- who were 6o A ol nee o older,
This |)l'n|-:|]"|_\' rethecet- Hllil[lh' bealth rentenanee
by these five older piler<, becnnse most of their
spirometry parvineters excecded 100 percent of
their predicted novmal vatues,

Spivonc fry, T this studye all FEV., FVC
and MVYV values are expressed as percentares
of the predicted normal values based on the
Veterans  Ndmini~tration- Aoy ~tades A
FLEF, -7 valnes e expressed in the same
manner but are based on the <ctndy of Morri-
of ol For the-e four paratneters, S pereent
is the generally aecepted thre<hobd value Tor
tminor spirametric impaicment s and o pereent,
for moderate impairnent. A valnes oreater
than S0 pereent indieate normality, and hose
hetween 70 and SO pereent indieate minor im-
pairment. For FEV, 920 the connensurate
threshold values for antnor and naderate <piro-
metrie upairiient are 75 pereent and €5 pereent
respectively, .

The TFEV. VO, FEV,7Z0 MYV and
. e duta are <tomarvized i Tables 3 5
ave hrackets and smoking eatess < e identienl
to those in Table 2. Subject number- inoench
age bracket smoliing eategory ave omitted from
the<e five tables becanse the wdentieal data are
compiledd in Table 20 For 2l five paraeters,
the data within each stee bracket reveal o veneral
pattern of greatest separation. between the non
<mokers and the other (wo smoking categories,
In the =ail awes™ catevory of each tables an -
pected stroneer dita separation Letween, the
stmohers and evosmokers was most probably
ditoted by the complete abeence of data for

the>>60-vear ald  soker-. MMthonsh ~ntlicient
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mimbers of >60-yvear-ol! smoking pilots reside in
proximity to the loeation of this study, all whe
were actively solicited for the study refused to
participate,

For all five spivometric parameters. the data
within each smoking category reveal a general
pattern of decreasing values with age.  Despite
the absence of data in this study for the>60-

vear-old smokers, this group’s age-related deeve-

ments in spirometrie parameters would conserv-
atively be expected to equal or oxecen those
manifested by the >6o-year-old ex-smoker gronp
(Tables 3-7).1°

Tame S—Summary of FEV, data.  A=number
of individoals with minor spirometrie impair-
ment, defined as a C¢ of predicted normal value
of <%, [ =number of individuak with mod-
erate spirometrie impairment, defined as a S
of predicted normal value of <70%, Al other
symbols are defined in Table 1,

FEV, AGE _
(% Prag) 30:39 _40-49 5059 =26Q Al
m| 1073 a4 1se | 1098 w2
" NS~ SEfl -29 1 24 =) -32 54 16T
a [+] o] 0 o} [o]
aj] c [¢] o] 0 o]
ml 1052 1009 1000 - 1020
S SEf 43 30 27 - 20
[ 2 o] o] - 2
a ! 0 o] - !
m] 056 036 106 2 843 103.1
ES SE 32 25 34 4.1 21
A [ e] i [ 2
8] o] o} I 1 2
ml 1062 105.5 1c?5 970 1059
All SE 24 16 20 B3 [N]
A 2 0 i | 4
0 ! ¢] [ ! 3

Taree S—Suinmmary of FEV 9 data. & number
of individuals with minor spirometrie impair
ment, defined as a ¢ of mea-ured FVO of
<%, O number of individuals with mod-
vrate spirometric impaivment, defined a= a 7
of measured FVCof <637, A other symbals
are defined in Table 2,

FEV(%  ——— AGE

(%) 30-39 40-49 50-59 260 Al
m) 833 831 83 806 8z 4

NS SEf ¢7 o7 12 it 05
Ja¥ [o] I 3 [o} 4
=} o] o] ¢} o | o
mj &7 &3 783 85

S SE| 20 10 15 - 09
Ja 2 i -5 - 8
a ! [o] o} - 1
m] 828 792 792 668 786
SE [X] (K] i8 80 it

ES [} [¢] 6 4 3 13
a 0 o] 2 ) 3
my 826 | il 796 737 806

Al SE] o9 06 09 44 05
A 2 8 12 3 25
a t o 2 t q

As reflected in Tubles 8-70 most of the age
bracket smoking eategory mean values for this
sample of the male general aviation population
exceeded  the commer<unrate normal values for
“the wale United States populationa” ' " Xlthouwh
these data indicate a higher average-state-of-
pulmonary-health in aivmen, some individnals
within this sample did nanifest  spirometrie
vahtes that quantitatively  indieated minor or
moderate  <pivometrie irpairment. In Tables
3-%0 the 3 svmbol designates the nnmber of indi-
vidhutls manifesting minor spirometric impair-
ment and the [J svmbol, the nuniber manifosting
moderate fmpairient, Minor spivonetrie ime-
pairment was indicated by the data values of 25
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Tasee To-NSummary of FEF. .9 data. Al

svtubols are defined in Table 3,

FEFasram A.GE
% Freq! 30-39- 4n-49 5‘()‘5_9 =60 Al
i 1075 e 1224 120 133
'{\5 SE 49 47 74 78 31
A 4 I ] 0 "6
@] o] S0 o] 0 o]
mi 987 ?—*999 909 - 965
g sEl 66 : 65 55 — | 38
[<% 3 (5 5 bt 13
o] f 2 l 5 L - l 8
mi 1045 | 945 1650 590 965
ES SE| 74 | &1 r? 144 a3
A o} ! e 4 4 i6
(=} 0 7 3 3 13
—— e - - e T S,
r) 1036 1017 106 6 855 1029
Al SE 36 34 43 "y 22
Al 7 14 10 4 35
O ! - 8 3 2

individuals (13.877

by 3 individuals (19.590) for FE., ..¢
7). At most, only 2.2 percent of the individuals
1 minor  spirometric

manifeste

) for IFEV  %¢ (Table 5) and

¢ (Table

impairment  in

FEVL FVYC and MVV (Tables 3, 1 and 6).
Although only 4+ (2.277)  subjects nanifested
data values indicating moderate impairment for
FEV, %, 21 (116%) Jdid =o for FEF,, ..%. The
greater prevalenee of moderate inpairment for
this latter parmmeter is not surprising in view
of the general knowledere that FEF.. ..
more sensitive detector of peripheral airway im-
pairment, whiel is wsually manifested earlier in
COPD than spirometrie impairment of the more
proximal lavger aivwayvs

Beeanse analyzis of the cireamferential chest
expansion data revealed noouseful distinetions,
further consideration of this  parameter  was
deemed unnecessary,

PN S |

IV, Discussion.

Although the general vale of a BMRC-type
of questionnaire is well recagnized. it~ use a~ a
quantitative rveflectjion of COPP is ~amewhat
lonited The cigarette-smoking history i= a bit
more rewarding in its u=e, becatse it has heen
established that Vaoth the nuniber of eizureties
stmoked per dey and the numbes of vears of such
inhaled ~moking are divectly related to the se-
verity of COPDY The pack-vear unit eontinues
to be ueful i this vegnred, '

As reflected in Tables 5273, substantial amonnt~
of minor and moderate spirometrie ipairmen
were manifested in this sample of male general
aviation pilots, Table N sununarizes the pereent-
ages of prevalence of minor and mederate ~piro-
metric  bmpairment for all  five  spivonetrie
paraeters combined. The 403 svmbol desiy-
nates the pereentage of individuals manifesting
minor impairment in at least one spivometric
parameter: the 72 designates the percentage of
individuals manifesting moderate impainnent in
at least one parameter. In the *all ages™ cate-
wory of Table 8, (i) the smokers amd ex-~mokers
clearly manifest much greater previdences for
minor and moderate hpairment compared o
the nonsmokers and (ii) the greater prevalences
for the ex-smokers compared with the smokers
is most probably due to the absence of data for
the>60-yeéar-old  smokers. leeause the avernge
number of pack-vears of sinoking for this latter
group probably equals or exceeds the 851 pack-
Year average for the260-vear-oll - ex-smoker
who had already censed smoking for 124 yr.
In all three smoking categories eotlined  in
Table S, (i) a trend of inereasing prevalence for
minor and moderate spivometric impairment with
age is manifested: (1) the expected largost age-
refated  prevalence of  spirometric  impairment
manifested by the > 60-year-old group are proh-
ably underestimates lecause of the absence of
data for the >60-year-old smokers: and ¢iii) the
first. sharp inerease in prevalence of moderate
spirometrie impaitment ocenrs in the fourth age
deeade and is due minly to the smokers and
ex-smokers,  The prevalence valties appearing in
Table 8 are dne almost entirely to impaininent
of FEV % and FEF.. ..%. This general find-
ing i~ completely consonant with the accepted
theory that the earliest numifestation of COPD
is wnally peripheral aivway impairment.* These
data suggest  that  a reasonable quantitative

A\ N .
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Tawk S Sumnary of 0 prevalence of minor  seveening for spirometric impairment in airimen
and moderate spivomwetvic iimpaiviment, 63 can be achieved by wing-only the oxpired FVC
pereentace of individuads having at Jeast one  wameuver from which  both FEV,%  and
spitometrie value <73 for FEV 90 o0 <804 FEF.. ..%¢ are weasurved,
foi the remaining four spivomet e parameters, On the basis of objective quantitative data,
0 pereentage of individuals having at deast substantinl  mwmounts of  minor il noderate
one spirometric value <63 for FEVSO or (pivometrie impairment were manifoted in this
<G for the remaining sprrometrvic param- aple of male general aviation pilots.  How-
eters. A other symbols ave defined in Tavae 20 wver, for any such aivan, the appes sanee of o

Prevalence of AGE weastired value that is quantitatively equivalent
o 3039 _40-49 5059 260 Al 1o mwinor or moderate spirometrie impaivnent

wal 227 91 200 o ' 189 implies ondy the possibility of an existing medi-

NS <ol o o | so o 14 al pultwonary condition that could adversely

Np 22 22 20 5 69 affect safe flight,  Spirometry is merely a way

wal 263 278 89 — 109 of quantitating the various meeh nieal aspeets

S wal 05 " 278 - 164 of ventilatory impairment.  Whetler the quan-

Nl 19 18 18 - 55 titated  minordo-moderate  spirometric  impair-

w2l o 475 250 80c 36 ment observed “in this study  eonstitutes  an

ES wa] o 292 150 600 228 ineursion on safe flight 1o any degree can be

] B ‘24 20 ) 57 ascerfained only by testing cuch spirometrically

Al 204 250 276 400 254 impaired pilots in eritical aspeets of flight safety

Al ool 4 141 155 300 127 “such ax altitude, fatigue, and orthostatice toler-

) N 49 64 58 10 e ances. Such studies have alveady been planned,
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