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I1.

DEVELOPMENT OF 'TUE AVIATION STRESS PROTOCOL-~SIMULATION
AND PERFORMANCE, PHYSIOLOGICAL, AND
BIOCHEMICAL MONITORING SYSTEMS: PHASE T

Introduction,

The Federal Air Surgeon, in his FY-75 Call for Estimates,
said, "I have determined that the highest priority will be
research in support of medical certification and medical stand-
ards development." In response to this priority statement,
the Aviation Physiology Laboratory began to design a broad
research program to provide clinical aviation medicine with
information needed for medical certification decisions and
for developing and revising medical standards.

The Aviation Stress Protocol--Simulation (ASPS) focuses
on the fact that any assessment of fitness in pilots and air
traffic controllers must take into account their potential for
impaired performance. HNot only must they perform their routine
tasks at optimal levels for prolonged periods of time, but
these persons must also retain the capacity to respond to
task overloads in emergency situations. For pilots, there
must be a normal tolerance to flight envirommental stressors,
particularly to the range of altitudes where general aviation
pilots can fly without their requiring supplemental oxygen.

Because performance was an important consideration, per-—
formance measurements were made using the Civil Aeromedical

Institute (CAML) Multiple Task Performance Battery (MTPB) (1).

Experiment Design.,

Healthy, male, paid volunteers (aged 21 to 28 years)

served as test subjects. Interviews and physical examinations
were conducted for all prospective subjects prier to selection.
After selection, subjects were trained on the MIPB equipment
and the vision testing equipment. Subjects were then tested
individually in the CAMI research altitude chamber at each

of four simulated altitudes. These (MSL) altitudes to which
the subjects were exposed in random scquence were ground leval,
8,00C ft, 10,500 ft, and 17 500 ft, Subjects veported Lo the
laboratory without eating breakfast and were given a standard
meal before beginning the experiment. After breakfast, sub-
jects completed a sleep survey and a subjective rating scale
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(Figure 1), Electrodes werc attached to the subjects for

heart rate recordings, and subjects were given a thermistor
rectal probe for self-insertion for rectal temperature measure-
ments, The subjects then reported to th2 altitude chamber

for a 3-h test session. leart rate was recorded continuously,
rectal tewperature and blood pressure were measured once during
each 15-min period, and tests of visual accommodation (provided
by Dr. K. W. Welsh of the Aviation Physiology Laboratory) were
administered before the ses‘ion and at the end of each hour,
Capillary blood samples from finger punctures were drawn before
and after each test session for determinations of blood glucose
and hematocrit, At the end of the 3~h test, subjects filled
out a symptom checklist (Figure 2) and again executed a subd-
jective rating scale (Figure 3). A: the end of the 3-h test,
urine was collected for measurements of epinephrine, norepineph-
rine, and 17-ketogenic steroids (2). After each chamber
session, subjects were given a cardiovascular evaluation.

During each 3-h test session, the subjects perforned four
different combinations of tasks of the MTPB in 1-h cycles,
(For a complete description of the tasks, see Jennings, Chiles
and west(1l).) Lights and meters monitoring tasks were per-—
formed throughout the test session. During the first 15 min
of the hour, tracking arithmetic tasks were performed, During
the second 15 min, arithmetic and problem solving were per-
formed. During the third L5 min, patterv discrimination and
problem were performed. And, during the final 15 min, pattern
discrimination and tracking were performed. This scquence was
then repeated during the second and third hours of the test
session. The measure of performance used was an equal-variance
composite of the various time and accuracy measures from the
individual tasks.

Twelve subjects were selected and 10 completed the test
series. Data collection was accomplished in three periods:
March 15 to April 16, June 1 to June 24, and June 28 to
August 2, 1976,

Results.

The slecp surveys indicated no differeace in the quality
or quantity of the subjects' sleep prior to the test days.

According to the results of the subjective rating scales,
attentiveness decreased significantly from the beginuning Lo
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SrHPTOMS

Difficult Concentration
Difficult Coordination
Drousiness

Are/lland Fatigue
lleadache

DEGREL

mild mod, severe
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Wikl OCCURRED

hr.=l hr.=2bhr,~3
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throbbing-forchead(J temples[J top of head [ vack of headJ C—IT— T3
ache ~forchead J temples ] cop of nead [J back of head D T T3
sharp pains-forchead{J temptes{] top of uead [ back of head (D C__T_ 1]

Visual Symptoms
blurring
double vision
eye fatigue or achiug
Hearive Symptoms
mutfling of sounds
buzzing sound
Other Symptoms
happiness
depression
irritability
tecurring thoughts
detachment feeling

dizziness
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Oo0o0o00n0 0o 000
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* Mild = not of sufficicnt degree to impair performance

Hoderate = of sufficient degree to possibly impair performance

Severe — of sufficient degree to de

finitely impair performance

Observer's Comments:

FIVULE

>

Syhptont checklist,

%

|

‘*HW;* Lt i g g i s

o

gl

il e

P [T TR Iy

3
E]
A
3

=
5
3
4
3
A
-
3

i

"

LY I e

i s

e



TOOTEIS Bulir: savisaiqns  cp meng2

pasouuy paiouuy parnItIz} p2IBT23;
UAIDFITPUY AIp1in IS ERLEET IR 231N Alaaazaes
[} ! i 4 S v € z I
P21823333u7 pelsazajuy pozon pazog
Alomazixz A1a3e1apoy 1ua22I3TpLY A121tiapoy Apauwazyus
6 2 I3 9 < k4 £ 4 4
paxelay pauTEldy
£1a3a1dwon PI%B] Y 1UAZIFITIPUL paulpIlg Azap
L} b:§ L 9 9 9 € Z I
A215uq 3o J130%san
Ldaa|s pue 18NSy ueqy 12497 jEn [wnsy ucyg, PUB Sxemy
PRI A2ap pPaxT; Aa0L AW anoqw dag axorg APTM Azay
[ 3 9 S g { < 1
2aT3CR7IRW] AATIRATIY AATIULY Y
Azan AATIUDIIEUY JATIUIIIV 3310} LEEXY
& 8 L 9 < 7 £ < 1

"M 14812 Jan; Aew nok mou jou pur ‘5T A3 Putwiaozaad 11738 dpiys
31133 noi moy 9322 01 £11 noA eyl juerzodwt sy 1] Cwous SIQTID52p 1SIQ GITUM TaquAw Ay) 3uTn2T1D 4q suorTIcsA
pue ‘sopniriie ‘s8ur(asy znof arey ‘pe32{deos asnl noi portzad wsed Y1 JO PUI YT ZeAU 113] 0ok MO JO WuTrL

—— — —

fpnig uptTITPUO) pot12dg -

11algng Aoy

Lo,




AT

GEREEL

E3. 0280

the end of the 3=h cxperiment at both 8,000 ft and 12,500 ft
(Figurc 4); a corvesponding decrease in energy level was
reported (Figure 5). Interest decreased with time of exposure
1t all altitudes, with statistical significance at the 0,05
evel for ground level and 8,000 £t and at the 0,01 level for
10,500 and 12,500 ft (Figure 6).

Concentration difficulty and drowsiness were the most fre-
quently reported symptoms on the checklist; more subjects reported
these two symptoms for 12,500 {t than for the other altitudes,

The visual accommodation tests yielded no statistically
significant findings attributable to either altitude or duration
of the test,

Hematocrit demonstrated a slight but statistically insig-
nificant hemoconcentration through time a: each of the four
altitudes. The blood glucose was significantly less at the
end of the experiments than at the beginning, but there were
no differences attributable to altitude (Figurc 7).

There was a statistically significant increase in heart rate
with increasing altitude (Figure 8). There were no statisti=
cally signiflicant differences for systolic blood pressure, but
diastolic pressure did demonstrate a statistically sigunificant
decrease (p s .05) at 12,500 ft (Figure 9).

The findings of the urine analyses are presented in Table 1.

Although the catecholamines, epinephrine, and norepinephrine
demonstrated increasing values with each increase in altitude,
the individual variances were large and the differences did
not proeve to be statistically significant,

The performance data from the MIPB exhibited great varia-
bility with no effects that could be attributed to altitude,
In addition, the performance levels, when averagea over alti-
tude conditions, showed a significant drop as a function of
the number of test sessions experienced. Apparently, the sub-
jects were losing interest in, or losing motivation to comply
with the demands of the experiment.

Discussion,

The series of experiments conducted during the development
of the ASPS provided information indicating a need for
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TABLE 1, Mean Values® and Standard Deviations™

Altitude

(MSL)

Ground

Level

8,000

Feet

10,500

Feet

12,500

Feet

—hoana o eeom o o o

10

for Urinary Hormones

3
]

Epinephrine Norepinephrine 17-Ketogenic Steroids
(ng/h) (ng/h) (mg/h)
575,2 1725.1 0.6959
+166.0 +386.3 +0.1361
651,3 1864.0 0.6014
*174,1 +326.5 +0.1446
745.5 2100.6 0.56695
+338.6 G424 +0.1322
797.1 2213,6 0,696
+386.1 42,9 £0.2590
13
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refinement of the protocol. Results of some of the subjective
rating scales showed that increasing altitude accentuated
changes that occurred primarily as a result of the long experi-
mental procedure; i.e., interest decreased more at the two
higher altitudes. Further, concentration difficulty and drow-
siness were reported most frequently at 12,500 ft.

In mid-August 1976, conferences were held by Drs. Busby,
Melton, Collins, Chiles, Lategola, and Higgins to evaluate
the findings to that time. The general conclusions were:

A. The experiments were too long and too complicated.

B, The experiment protocol itself probably had greater
effect on the subjects' responses than did the differences
in altitude,

C. The data obtained from the MTPB and cardiovascular
testing were not conclusive.

D. Further refinement of the protocol is indicated. In
future experiments, the cardiovascular testing should be con-
ducted separately, in parallel with other testing, and not
at the end of an already long test procedure,

E. The time spent in the altitude chamber for a test
session should be reduced to 2 h to preclude the boredom and
fatigue associated with the longer testing procedure.

F. Addifional tests should be conducted to determine the
sensitivity of the MIPB for detecting differences due to
altitude alone.

Between August 28 and November 18, 1976, shorter tests
(2 h) were conducted at three altitudes; ground level, 12,500
ft, and 14,000 ft. Ten subiects were evaluated. 7The cardio-
vascular testing, visual accommodation tests, dietary control,
and blood sampling were eliminated from the protocol. This
series of tests was conducted primarily to evaluate the effects
of altitude on complex performance. Unfortunately, subject
motivation again appeared to fluctuate widely and again,
altitude did not have a rignificant effect on performance.
In the past, the problem was produced by rather frequent MTPB
equipment malfunctions,

14
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V. Conclusion.

In future experiments using the ASPS, the cardiovascular
testing will be conducted separately. The time of exposure E
to altitude and MTPB testing will be limited to 2 h. Measure- E
ments such as visual accommodation, internal body temperature,
blood glucose, blood drug or alcohol level, and others will
be included in the ASPS experiments only when appropriate, ) =
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ASSESSMENT OF CARDIOVASCULAR FUNCTION AFTER EXPOSURE
TO THE AVIATION STRESS PROTOCOL--SIMULATION

A 1

Introduction,

The Aviation Stress Protocol--Simulation (ASPS) was
- designed to assess the potential for impaired performance by
testing the capacity of pilots and air traffic controllers

to: (i) maintain an optimum performance level for a prolonged
N period of time and (ii) respond to a task overload cr emer-
= gency situation. For pilots, this capability includes the
assessment of tolerance to flight environmental stresses in
the range of altitudes to which general aviation pilots can
legally fly without supplemental oxygen. The core of the
ASPS (for pilots) is the exposure of the individual for
single-day 3-h periods to a battery of simulated complex
psychomotor tests (MIPB) at ground level (GL) and chamber
altitudes at 8,000 (A), 10,500 (B), and 12,500 (C) feet (MSL).
During the ASPS, task performance is monitored for deteriora-
tion of psychomotor performance and physiological and bio-

! chemical tests are administered to identify possible causes

iy cf such deterioration.

As an adjunct procedure, cardiovascular tests were admin=
istered immediately following the ASPS to identify any func~
tional deterioration due to the ASPS exposure per se. This
report will deal only with the post-ASPS cardiovascular
testing.

I1. Methoas.

The cardiovascular test battery consisted of: (i) a test
of orthostatic tolerance using a lower body negative-pressure
(LBNP) box (supine) and (ii) a submaximum physical workload
test using standardized, upright, seated, bicycle ergometry.
The LBNP load and time sequences were a 3-min rest period, a
2-min exposure to =25 mm Hg LBNP (= +1.5 Gz), a 2-nin
recovery/rest periud, and a 2-min exposure to =50 wm Hg LBNP
' (= +2.0 Gz). The ergometry load and time sequences were a

5-min rest period, a J-min exposure to a 50 rpm/30 W workload,
i and a 3-min exposure to a 50 rpm/60 W workload. Parameters
assessed during the LBNP test were pulmonary ventilation
(using direct spirometry), heart rate (HR) and electrocardio=~
gram (single-lead ECG), blood pressure (automatic sphygmoma-
nometry), and temporal artery flow velocity (directional

1
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Doppler equipment), During ergometry testing, the same
parameters were assesced excepting the owmission of the tem-
poral artery flow velocity and the addition of oxygen uptake
(analysis of quantitacively ccllected expired air).

Immediately following a given ASPS altitude exposure, the
subject (seated in a wheelchair at all times) was "finger
pricked" for microsampling of blood, wheeled to a private
room for quantitative collection of urine, and then delivered
to the cardiovascular testing room, The average elapsed time
between the end of altitude exposure and start of the LBNP
and ergowetry tests were 44 and 63 min respectively,

A complete set of ASPS altitude exposures was achieved
on a total of 10 normal male subjects (21-25 yr of age).
The GL data served as baselines for comparing displacements
due to altitudes A, B, and C.

Results.

LENP, Both levels of +Gz exposure were well tolerated
by all subjects without syncope or temporal artery flow

reversal, Although syncope was absent, physioclagical displace=

-y a

ments did occur in all subjects. In general, th2 displace-
ments increased in rough proportion to the applied level of
+Gz and the, preceding altitude exposure. The quantitative
altitude~related displacements of the systolic blood pressure
(SBP), diastolic blood pressure (DBP), pulse pressure (PP),
HR, temporal artery flow velocity (TAFV), and pulmonary ven-
tilation (VF) are summarized in Tables 1-3, The SBP dropped

4

during each +Gz exposure, but the drops and overall levels
appeared to be approximately the same for GL as for preceding
altitudes A, B, and C as compared to GL. The PP generally
dropped during each +Gz exposure, and the overall levels were
also lower following altitudes A, B, and C as compared to GL.
The HR increased during each +Gz exposure, and the overall
levels were also higher following altitudes A, B, and C as
compared to GL. 1In each of the two +Gz exposures and the two
preceding rest periods, most of the altitude-related increases
in UR (A, B, and C compared to GL) were statistically signifi-
cant (p £ 0,05}, In the altitude context of comparison, four

of the DBP and two of the PP displacements were also significaunt.

The TAFV dropped during each +Gz exposure, but the overall
levels were substantially higher following altitudes A, B, and
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¢ comparved to GL., None of the observed blood flow velocity
displacewents was statistically significant. The VE response

to each +Gz exposute varied widely in direction and magnitude
with no obvious consistent relatiouship to either +Gz or
altitude.

Lrgometry. Both the 30- and 60-W workloads were com=
fortably tolerated by all subjects. The SBP, DBP, PP, NR,
VE’ and oxygen uptake (VO ) increased generally in direct

0 R

“

proportion to the applied ergometric load. With the exception
of PP, the overall levels of these parameters were higher
following altitudes A, B, and C as cowpared to GL, The overall
levels of PP were lower following altitudes A, B, and C as com-
pared to GL. The quantitative altitude-related displacements
of the SBP, DBP, PP, HR, VE, and VO ave summarized in Tables

2
4=6. Statistically significant (Ps 0,05) altitude-related
changes occurred: (i) in DEP, PP, HR, and VO in the

2

preergometric vest period; (ii) in DBP, PP, and HR during the
30-W workload; and (iii) in HR and VE during the 60-W worlkload.

Discussion.
S ———————

Some statistically significant altitude-related displace-
ments in physiological pavamcters appeaved in both ithe LBNP
and ergewetry segments of the post=ASPS cardiovascular assess-
ment, even though these two testing segments nonoptionally
followed the end of altitude exposure by an average of 44 and
63 min respectively. Because these digplacements could
possibly be accentuated by closer temporal proximity of the
cardiovascular testing to the altitude exposures, it was
decided that the cardiovascular testing would henceforth be
run in parallel racner than in tandem with the corve ASPS,

The cardiovascular tests ave to be applied at GL and duvinrg
appropriate altitude exposures rather than after the altitude
‘xposures, During the curvently extended "shakedown" Phase I
cesting of the core ASPS, the paralleling cavdiovascular
equipment and protocol will be shifted te one of the small
altitude chambers, We should be ready to resume full=scale
parallel testing when the core ASPS commences its Phase II
operations., Running this test in parallel with the core ASPS
tests further has the beneficial effect of relieving the tedium
of the core tests by reducing the length of subject exposure,

6
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THE RELATIONSHIP BETWEEN STRESS—-RELATED METABOLITES AND
DISQUALIFYING PATHOLOGY IN AIR TRAFFIC CONTROL PERSONNEL

Introduction.

This laboratory's first study of stress in air traffic
controllers was carried out in 1968 at O'Hare Tower. Since
that time, 15 other studies have been carried out at towers,
centers, TRACON's, and flight service stations (4-10), A
total of 237 controllers representing trainees, journeymen,
and supervisors have been studied; 189 of thos: are the sub-
jects of this study--48 were either studied too recently for
their data to be available or their urinary data were incomplete.

Sufficient time has elapsed since the first study at O'Hare
that some controller subjects have suffered a variety of medi-
cal conditions severe enough to require either waiver or retire-
ment. Notations regarding medical conditions requiring either
of the above actions are in the controllers' files in the
Aeromedical Certification Branch of the Civil Aeromedical
Institute, These files were searched for controller subjects
who developed medical conditions after they were studied.
Thirty-six {19 percent of the total) such controllers were iden-
tified who developed pathology after the time of the stress
study in which they served as subjects. These controllers showed
pathology in one or more of three groups: gastrointestinal,
neurgpsychiatric, and cardiovascular (Table 1). A further break-
down of the three conditions by region and facility is shown in
Table 2,

Results.

An index developed in this laboratory (6) readily allows
the comparison of excretion values for l7-ketogenic steroids,
epinephrine, and norepinephrine. The average of the three indi-

vidual indices (c“t’ c,» and cne) is the composite stress index
4]

(Cs). The individual and composite indices for normal controllers

(those without a pathology file) and those with pathological con-
ditions are shown in Table 3. The table shows that for the whole
population of controllers, those who developed gastrointestinal

pathology had significantly (p < 0.01) higher L than did their

normal counterparts at the time they were studied. The index 5




Disease

Categorv

Gastrointestinal

3 Cardiovascular

ié Neuropsychiatric

P P

TABLE 1.
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Distribution of Diagnoses Among
Three Major Disease Categories

Diaguosis

Gastric Ulcer
Duodenal Ulcer
Peptic Ulcer
Gastritis

Gall Bladder
Other

Myocardiat Infarction
Coronary Insufficiency
Hypertension

Angina

Arteriosclerotic Heart Dicease
Arrhythmia

Anxiety TNeaction
Anxiety Depression
"Neuroses"

Cluster Headaches
Depression
Personality Disorder
Schizophrenia

Anxiety Neuroses
Psychosomatic Illness

Occurrence

Percentage
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Region

Southern

Southwes

Central

Western

TABLE 2. Distribution of the Three Major Disease
Categories Among Regions and Facilities

Gastro- Cardio~ Neuro~-
Facility intestinal wvascular psychiatric

Opa Locka Tower 0 0 1
Miami ARTCC 3 3 12
Atlanta ARTCC 0 l _1

3 9 16

t

Houston Inter~-
continental Tower 1 1 0
Fort Worth ARTCC 1 1 2

2 2 3
O'Hare Tower (1968) 4 1 2
Los Angeles TRACON 0 0 0
Oakland TRACON 1 0 0

1 0 0
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TABLE 3.

Normal
Gastrointestinal
Cardiovascular

Neuropsychiatric

*p = Level of significance of difference between normal and

Pathology and Grouped Stress Indices

for the Entire Subject Population

Cst

0.67
1.12
0.94

0.64

27\‘
£0,01
0.01
ns

ns

pathological conditions

**ng = NOt significant

Unpaired t-test

0.60
0.61
0.74

0.82

*
B
nsx¥
ns
ns

ne

0.77

0.68

1.25

0.85

R‘k

ns
£0,05
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for norepinephrine (cne) was also elevated significantly

(p < 3.05) over the normals for the cardiovascular pathology
group.

When the individual facilities are considered, ¢ . is
n

significantly (p < 0.05) elevated in the cardiovascular pathol-
ogy group at Miami ARTCC (Table 4). There are no other points
of significant difference.

Discussion.

This study indicates that high levels of steroid excretion
are related to the presence or later development of gastro-
intestinal disease, the most common "stress related" disease.
As shown in Table 1, the principal subcategories of that
disease relate to ulceration of the stomach and duodenum.
Ulcers have long been known to be related to high levels of
endogenous steroids (1,2,11),

At Miami Center, the occurrence of cardicovascular disease
(25 percent hypertension, 75 percent coronary artery disease)
is significantly reclated to high liovels of norepinephrine
excretion, Norepiunephrine is the principal catecholamine
liberated by the sympathetic nervous system and is, therefore,
the main regulator-of arterioclar resistance. Norepinephrine
has also been shown to have pronounced effects in causing
arrhythmias and fatty changes in the hearts of dogs (3).

This study suggests that excretion levels of 17-ketogenic
steroids and norepinephrine may be predictive of heart disease,
hypertension, and gastrointestinal ulceration. However, because
of the small number of controllers in each diagnostic category,
the statistics leave much to be desired; the findings reported
here are, therefore, tentative, and this report should be
viewed as preliminary. The pathology files will be periodi-
cally checked in the years to come to see i1f the statistical
validity of these olservations changes as more controllers
join the list of those with pathology files.
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TABLE 4. Pathology and Individual Stress

Indices for Various ATC Facilities

ATC Disease
P X A e
Faclility Category S P* Ca P e P
0'Hare Tower
Normal 1.23 0.74 0.99
Gastrointestinal 1,73 astx (,71 ns 0.79 ns
Cardiovascular 2,91 1.07 + 1.51 T
Neuropsychiatric 1.56 uns 0.71 us 0.73  ns
Opa Locka Tower
Noxrmal 0.67 0.74 1.21
Gastrointestinal 0.00 + 0.00 + 0.00 +
Cardiovascular 0.00 0.00 + 0.00 i)
Neuropsychiatric 0.17 ¥ 0.63 ¢t 0.42 ¢
Miami ARTCC
Normal 0.5¢ 0,68 0.88
Gastrointestinal 0,73 ns 0,42 ns 0.78 ns
Cardiovascular 0.74 ns 0.69 ns 1.43 0.05
Neuropsychiatric 0.65 ns 0.84 ns 0,96 us
Atlanta ARTCC
Normal 0.80 0.29 1.38
Gastrointestinal 0.00 0,00 + c,00 *
Cardiovascular 0.34 0.53 t 1.25 +
Neuropsychiatric 0,59 ns 0.52 ns 1.31 ns
Fort Worth ARTCC
Normal 0.23 0.54 0.20
Gastrointestinal 0.09 0.88 t 0.36 i
Cardiovascular 0.60 1.04 + 0.16 t
Neuropsychiatric 0.24 ns 1,21 ns 0.20 ns
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TABLE 4 (Continued)

o a— b

$131 X *
Facility Category Cop p* o DY Che P
Houston
Intercontinental
Tower

Normal 1.01 0.40 0.59
Gastrointestinal 1.77 + 0,96 + 0,57 "
Cardiovascular 1.77 ¢+ 0,96 + 0,57 +
Neuropsychiatric 0,00 + 0.00 + 0.00
Oakland TRACON
Normal 0.37 0.85 0.48
Gastrointestinal 0.48 ¢+ 0.41 + 0.30 +
Cardiovascular 0.00 ¥+ 0.00 + 0,00 ¥
Neuropsychiatric 0,00 T+ 0.00 +  0.00
Los Angeles
TRACON
Normal 0.63 0.38 0.79
Gastrointestinal 0.00 + 0.00 +  0.00 +
Cardiovascular 0,00 + 0,00 T 0.00 T
Neuropsychiatric 0.00 + 0.00 + 0.00 P
*p = Level of significance of difference between normals and
diseased
**ns = Not significant
T = Numhey of cases insufficient for statistical treatment
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