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ALT I TIJI)E TOLERANCE ( I F  GENER AL A V I A T I O N  PILOTS WITH
NORMAL OR PARTIALLY IM PA IR E I )  SP I ROMETR I C FUNCTIO N

I .  I n t r o d u c t i o n .

R e c e n t  s t u d  ies  i n d i c a t e -  t h a t  t h e  p r e v a l en c e  of c h r o n ic
obstructiv e pulmonar y dis~~ se ( cOPD ) is  i n c r e a s i n g  in the
Unit ed States population (1 ,12) , and the risk of its
incurrt ’nce is ‘st imat il at 5 to 10 t ime s greater in men than
in women (3). Seve ral vari ations of COPO of “sufficient
degree to be symptomatic ” and/ o r  “to interfere with pulmonary
function ” are- among ti c , - conditions for which medical certi-
fication of airmen is denied or de’ ferrc-d (5). Unless clini-
ca l l y indicated , quantitative sp irometric evaluation is not
a mandatory part of the aeromedical examination . Quanti-
tative sp irometry in a recent stud y of 257 conanercial
a i r l i n e p ilo ts (40—59 yr of age) showed that minor—to—
moderate sp irometric impairment existed in 12 percent of
this population sample and was h i gh l y correlated with age
and cigarett e- smoking (3). Substantial degrees of sp iro—
metric impairment could adversel y affec t safe fli ght by the
general aviation p ilot breathing onl y ambient air at cabin
altitudes approaching 12 ,500 ft.

Because commensurate sp irometric data from general
avia tion p ilots did not appear to exist in the published
medical literature , a parallel stud y was made. The forced
vi tal capacity (FVC), the 1—s forced exp ired volume ( FEy

1
),

the forced midexp ira tory f l o w  (FEF .,5 75.,.)I th e FEV
1

/FVC x

100 (FEV
1
%), and the maxituum ventilatory volume were quanti-

ta t ively assessed in 181 tale general aviation p il ots. This
popu la t ion samp le inc l uded nons mok ers , smokers , and ex—smokers .3
in approximatul y equal numbers. Based on the combined data
for FEV

1~ 
and FEF 25_757, minor or greater degrees of sp iro—

metric impairment were manifested by 25.4 percen t of the
pilots and moderate or greater degrees by 12.7 percent. Most
of the impairment was manifested in the  smokers and ex—smokers.
The first sharp rise in moderate impairment for these two
subgroups occurred in the fourth decade of age. Details of
this  s tudy have been published in a previous report (9).

1
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Whether the quantitated minor—to—moderate sp irometri c
impairment observed in the previous stud y (9)  compromis es
saf e f l i ght to any degree can be ascertained onl y by tes t ing
such sp i r o m e t r i c al l y impaired p i l o t s  in c r i t i c a l  a spec t s  of
f l i g h t safety, such as altitude , fatigue, and orthostatic
tol erances . This present study deals with the assessment
of a l t i t u d e  to le rance  in a samp le f rom t h i s  same group of
p ilots.

II . Materials and Methods.

Selection of Subjects. Volunteer males were recruited
from subjects of a recentl y comp leted study on sp irometric
assessment (9). Each volunteer was currentl y a medical l y
certified general  avia tion p ilo t. For the purpose of this
stud y ,  sp irome tric impairment was defined as an FEF25_75.,.

va lue of less than 80 perce nt of the predic ted normal val ue .
The predi cte d normal values f or this  parame ter are based
on the stud y of Morris et al. (11). Ten p i lo ts havi ng an
averag e FEF 25 ,

~~
, value of 65.1 percen t composed the sp iro—

me tr i c a l l y impaired (SI) group. All their other spirometric
paramete rs were grossl y normal. The al ti tude tolera nce of
t h i s  group was compared to a group of sp irometricall y normal
( SN )  pil ots. Spirometric normality is defined here as a
valu e of 80 or more percen t of the predic ted normal val ue
for all five sp irometric parameters assessed in the preceding
s tud y (9). The FEF 25 ~~~~~~~ 

val ues of the SN pilots covered a

range of 102.0—140.2 percen t of their  predic ted normal
values. These two groups were age-matched as closel y as
possibl e. Each group contained eigh t smokers , one ex—smoker ,
and one nonsmoker . The vital statistics of both groups are
presented in Table 1.

Protocol and Parameters. Cardioresp ira tory functions
were assessed in each pilo t 8eated comfortably while breathing
only ambient air in an altitude chamber during consecutive
periods of 10 mm at ground level (GL), 15 mm at 8,000 f t ,
and 30 mm at 12 , 500 f t .  The in te ra l t i tude  excursion rate
was con t ro l l ed  at approximatel y 1,000 f t/ s .  The average a l t i t u d e —
chamber temperature for al l  20 experiments was 23 .50 C.

Al l  spec i f i c  parameters were assessed at the end of the CL
period , the end (A

1
) of the 8 ,000—ft a l t i t u d e  period , and both

2
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midway (A ,) and the c -n e! (A
3

) of t h e  I 2 , 5 0 0 — f t  a l t  i tue! p e r i o d .

Each p a r a m et c -r was  a s s e ss e d  d u r i n g  s t e a d y — s t a t e -  c o n d i t i o n s
as t h e  me an v a l u e  of a 2—m m samp l i n g  p e r i o d . Sy s t o l i c  ( SB ?)
and d i a s t o l i c  ( D B P )  b lood p r e s s u r e s  w i - r e  m e a s u r e d  by auto-
mat icall v cycled a u s c u l t a t i v e  sp h ygm omanom et ry  and expressed
in  mm fi g .  P u l s e  pr e ssure  (P P )  and m ean a r t e r i a l  p r e s su re  (AP )
( 8)  w e -r e -  c a l c u l a t e d  f rom t h e  SB? and DBP data. Pulmonary
ve n t i l a t i o n  ( V E )  was measured  b y a p r e c a l i b r a t e - d  mass  f l o ~~ne te r
(1 0). An oral b r e a t h i n g  v a l v e  and nose c l i p a l lowed  t h e -  con-
t i n u o u s  f l o w — b y m e a s u r e m e n t  of each exhalation . To no rma l i ze -
d i f f e r ences  in bod y s i z e - , w, - expressed  a l l  VE m e a s u r e m e n t s  as
m I / m m /kg  bod y we ig ht  at bod y temperature- and pressure ,
s a t u r a t e d  ( BTPS ) c o n d i t i o n s . A r t e r i a l  exv i i e mog lobin  satura-
tion , expressed in perce-ntage (7. UbO ,,), was measured wit!:

an ear oximeter (14). Temporal artery bl ood—flow velocit y
(TAFV) was measured with an ext ernall y positioned 1)opp ler
device and expressed in cm/s (7). Th is d e v i c e  sense -s t he
dir~-ction as well as the velocity of flow (7). Electro-
cardiogr aphic function was monitored with th~- CN r si ng le—lead

electrocardiogram (ECG) (2). The’ e lectrical signal from this
ECG le ad was fe -el simult aneousl y to: (i) an oscillosco pe for
continua l visual monitoring of the- si gnal for ischemia and/or
arrh ythmia; (ii) a ardiotac iiometer b r  continual indication
of heart rate (FIR); and (iii) a standard ECC recorder for
scheduled periodic re-cordin g and opportunistic recording of
any substantial EC ( changes as obse rved simultaneousl y on the
oscilloscope . Stead y—stat e - HR measurem ents in beats/minute
(bpn: ) were obtained from e ither the pulsatile mode of the
TAF V recording or t h a t  of t h e sing le—lead ECU .

Each subject was given a comprehensiv e- equi pment and pro-
cedure orientation pre -ceding the day of the experimental run .
All the subjects had had at least one prior training experi—
i- n c -  in an altitud e- chamber . Al l alt i tude exposures were
moni tored by a stall physician .

III. Results.

The- cardi ore-sp iratory par am e t e rs assessed for altitude
tolerance in both the SN and SI p ilot groups are sununarized
in Tables 2 and ‘3. In gene ral , onl y small quantitative
diffe rence-s between t h e e -  SN and Si p i l ots emerged from these
data , and none of thee -se diff , ’ r t - iic e ’s was statisticall y si gni-
fic ant at t h e probability le vel of 0.115 or less . A t altitude ,

4
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TABLE 2. Summary of Blood Pressure Data

SBP( mxn Hg)
CL A

1 
A
2 

A
3

SN 
x 122 . 1 121 .1 119 .9 118.5
SEM 4 .7 4 .5 2.9 4.4

x 122.2 123.4 121 .3 122 .1
SEM 3.8 3.2 3.6 4.1

DBP (mm Hg)
CL A

1 
A
2 

A
3

x 77.8 77 .1 76 .5 74.2
SN SEM 2 .3 3.1 2.8 2 .5

x 78.9 76 .8 74 .0 73.2
SEN 2.2 1 .9 2.1 2.4

PP ( nun H g)
CL A

1 
A
2 

A
3

x 44 .3 44 .0 43.4 44 .3
SN 

SEM 2.8 2.3 2.1 3.0

x 45 .3 46 .7 47 .3 48 .9
SEM 2.6 2 .2 2.4 2 .b

AP(mm Hg)
GL A

1 
A
2 

A
3

SN 
x 92 .6 91.8 91.0 89.0
SEM 3.0 3.4 3.1 2.9

x 92.0 92.3 89.8 89 .5
SEM 2.6 2 .2 2.4 2 .8

5
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TABLE 3 . Suirm-ca ry  ot  Heart Rate , Pulmonary Ventilation , Ar te r i a l

Oxyhemnog lobin Saturation , and Temporal Ar tery Blood

Flow Velocity Data

HR ( b pm)
CL A

1 
A
2 

A
3

x ~ll 70.2 70.9 73.7 72.1
SN SEM 2 .9 2.9 2.7 3.4

x 73.1 74.0 77.8 74.4
SEM 2 .2 2.3 2.8 3.1

~E(m1/n.in/kg bod y weight)
CL A 1 

A 2 A 3

x 106.9 105.3 108.6 104.6
SEM 11.0 7.7 4.8 6.0

x 99.9 102.9 112.1 108 .6
SEM 5.9 6.1 6.2 6.0

%Hb0
2

CL A
1 

A
2 

A
3

x 95.4 92.4 85.6 85.8
SN SEM 0.4 0.7 1.1 1. 1

- 
x 95 .1 91.9 85.1 84.4

SI SEN 0.3 0.3 1.1 1.1

TAFV(cm/s)
CL A

1 
A
2 

A
3

4.5 4.1 3.9 3.5
SEM 0.4 0.5 0.4 0.5

x 6.0 5.5 5.2 4.4
SEM 0.9 0.9 1.0 0.8

6 
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blood pre ssure functions appear ed to he  m a i n t a i n ed  q u i t e -  w H I
i n  h o t h  g r ou~~s . Al t h ou g h stat is t L z i l l y nonsignificant , t h i ~’
a l t  i t u d e ’  h y p o x i a  a p pea r s  t o  h e a v e ,’ d isp lae ed the SI group mon
ti-can t he  SN group. This disp lac ement is indicated in the-

rel ative ly h c g hce r SlIP , PP , FI R , and FA FV valu e-s ~~t altitude’ .
Ti -ce 1100 ,, of ti -ce SI g roup was m a i n t a i n e d  q u i t e  w e - l i  at th~-

hi gher  of t h e ’ two altitudes at the apparent cost of a slig htl y
greater ~ E t i - can  t h a t  of t he  SN g r o u p .

None of the  20 pilots who took part in this stud y mani—
feste -d any ischemic ECU changes at CL or at either altitud e ’ .
Two of ti-ce SN and one of ti-ce SI p ilots manifested unifoc al
premature ventricular contractions (PVC) in their respectiv e ’
ECU re-cor Oings at CL. The PVC frequency in all three cases
was quite low . Because ti-ce PVC fre-quency did no t  increase ,
and the otherwise norma l characte r of Li ce - three ECU tracings
did not deteriorat c - at both altitudes , this condition was
medicall y j udged to be- beni gn. It may b- a random coincidence ,
but all three- of these p ilots are chronic ci garett e - smokers .

IV . Discussion and Summary.

As prcviousl y reported (9), sp i rometric assessment of
151 male general aviation p ilots revealed moderate- dc- gr e- i ’s
of i m p a i r m e n t  in 12. 7 pe r c e n t  of t h i s  population samp le- .
Thu s moderate impairment was manifested mainl y in the twe e
sp irometric parameters (FEV

1~ 
and [-‘EF ,,5 75~~~~) usuall y deemed

most sensitive- in t h e ’ det e ction of functional decre ments in
t h e e -  peri pheral airways . All ti-ce other assessed sp irometric
paramet ers we-ce ’ found to he- grossl y norma l . Peri ph era l
a i r w ay impairment is considered to be one of the earliest
manifestations of COPI) (6).

Because the altitude tolerance of the 10 SI p ilots
appeared to be generall y equal to ti -cat of the 10 SN p ilo ts ,
the detection of a p i l ot havi ng any poss i b i l i ty of sp iro—
metricall y related intolerance to ti-ce sedentary altitude
pr o fil e use-d in this stud y would have to be reflected by a
greater sp irometric degradation than just an FEF25 7 5  

value

of 65.1 percent. Conversel y,  any sma l l e r  sp irometric decre—
mt-nt sf-could be predictive of normal tolerance to the same
altitud e profile . Therefore , one distinct value of this stud y
i s the delineation of an objective FEF25 75 5  

sp irome tr ic

7
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screening norm for acceptable tolerance to genera l  aviation
altitudes.

The modera te  degree of FEF 2 5 7 5~
, impaiLment (65.1 percent

of predicted normal value’s) did not appear to diminish norma l
tolerance to an altitude—exposure profile somewhat represen-
tative of average maxima encountered in general aviation
f l i ghts under ambient air breathing conditions . Whether this
same degree of sp irometric impairment constitutes an incursion
to any degree on other critical aspects of fli ght safety,
such as fa t igue and orthostatic tolerances , rema i - ,s to be
ascertained emp ir i cal l y.  Such studies are curre tly under
consideration.

8
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