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Abstract

• ~4o determine if subclinical pulmonary edema occurs commonly at high

• 
• 

altitude, 25 young male soldiers participated in a strenuous, 72 h field exercise
-

• 
• 

- at low altitude (200 to 875 m) and In a similar exercise one week later at high
• 

• • altitude (3000 to 4300 in). At 0, 36, and 72 h of each phase the subjects were
• given a physical examination, a chest radiograph was taken, and the following
• measurements were made: total lung capacity, forced vital capacity, residua

• 

- 
volume, closing capacity, slope of phase III of the nitrogen washout curve, tr~~.

thoracic electrical impedance, and the quasi-static relationship between trans.

- pulmonary pressure and lung volume (PV curve). At 0 and 72 h of each phase,. - -

• arterial P0 , P~0 and pH were measured and physiological dead space (VWVT),2 2
and the alveolar-arterial 02 gradient (A-a D0 ) calculated. No evidence of p

~-• 2
• monary edema was obtained from physical examination or chest radlographs.

Relative to the low altitude values, immediate and sustained decreases in vital

capacity and impedance, and a clockwise rotation of the PV curve occurred at

high altitude. In contrast, closing capacity and residual volume did not change

upon arrival at high altitude, but increased later during the exposure. There was

no effect of altitude upon A-a DO2, VD/VT or the slope of phase Ill . These cheer-

vations are consistent with an abrupt increase in thoracic intravascular fluid 
•

volume upon arrival at high altitude followed by a gradual Increase in extravacu- 
a

lar fluid volume in the peribronchial spaces of dependent lung regions. These
changes if present were apparently not sufficient to impair gas exchange or alter
the distribution of ventilation.

• —A —
alveolar-arterial 02 gradient, closing capacity, high altitude pulmonary edema,
lung volumes, transthoracic electrical impedance, transpulmonary pressure.
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• Introduction -

• 

- High altitude pulmonary edema can be a life-threatening complication of

acute altitude exposure. Although the incidence of this disease is low (15), it

has been suggested that L,terstitlal edema which does not progress to clinic*
• 

• 
apparent intraalveolar edema, develops in most individuals who ascend rapidly

to high altitude (17,19,26). The objective ci this study was to determine if *i.

clinical pulmonaty edema was a common occur rencC among non-acclimated i~~~

abruptly exposed to an altitude of 3000 to 4300 m. Since high altitude pulmolazy

edema has often been associated with physical exertion during or following r4ki

ascent (8,13), strenuous exercise was included in the experimental design. D~~
to the anticipated difficulties in detecting mild pulmonary edema, we employed •

• 

• a relatively large number of test subjects and a paired comparison, repeated

measures statistical design.

Methods -

• Subjects. Twenty-five healthy, male soldiers from the 10th Special Foices

Group stationed at Ft. Devens, MA participated in this study. Informed, vokmtary

consent was obtained from all subjects. The mean age of the subjects was 26

• years with a range of 18 to 38 years. Fifteen subjects were smokers with an

average consumption of 8.0 pack-years (packs per day multiplied by number of

years subject smoked). No subject had a history of cardiopulmonary disease.

Three days before the start of the experiment the subjects were given a physical

examination, briefed on all aspects of the study and trained to perform the va!ious

ventilatory maneuvers required.
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Study Outline. The experiment consisted of a low altitude phase and a

t -:. • • high altitude phase each of which was 72 hin duration. During the low altitude

• 
• 

- . 
-
. phase the subjects walked a total distance of 84 km with heavy padcs.(approxl- 

•

mately 20-50 kg) in the White Motmtalns of New Hampshire at elevations from

• 

• 

• 200 toilS m above sea level. The subjects were In the field for the entire fl h

period, prepared their own rations, and performed various simulated military tasks

at prescribed times and locations. Between stops the average rate of movement -

• was 3 km h ’. One week later the same subjects were flown to Colorado Springs,
• • 

- 
CO, and wIthin 3 h, began another simulated military exercise it high altitude.

- This phase consisted of two 15 km hikas from the 3000 to the 4300 m elevations

of Pikes Peak, CO. The average rate of movement between stops at lugh altitude

was 1.8 km h ’. The actual routes followed by the soldiers in both the low altitude

and the high altitude phases were chosen by their commanders to be as similar

• 

as possible In degree of diffic ilty, considering both the linear distance covered

and the amount of climbing performed. Physiological measurements were made

at 0, 36, and 72 h during each phase. The measurements were made at an eleva-

• 
• lion of 200 m during the low altitude phase, and at an elevation of 4300 m during

the high altitude phase. The individual measurements and tests are described •

• 
• below. - • 

•

• 
• 

• Physical Zx iaation and Chat Radiograph.. Subjects were asked about 1

symptoms and were given a physical examination using a standardized format.

Posterior-anterior and lateral chest racfiographs were taken at full inspiration

with the subject standing. The same portable X-ray unit (General Electric Mobile

EP. 300) was used throughout the study. A baseline radiograph was obtained 3

days before the start of the low altitude phase of the study. At the completion

________________________ ______________ • ~~~~~~~~~~~~~~~~~~~~ •l.L - • .  _________________________ •
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• of the experiment the six radiographs obtained at the low and high a1~itude testing
• 

- 
sessions were compared to the baseline film by a radiologist who was aware of

- 
• the cliondoglcal sequence of the films but unaware of the altitude at which they

were taken. Each radiograph was examined for specific findings of pulmonriry

edema (perthronchial cuffing, Kerley lines, alveolar infiltrates , pleural effusion,

- • 
thickening of intralobar fissures), and pulmonary vascular congestion. The findings

• 

• 

• were graded as definite, probable or possible. In addition, cardiac and thoradc

widths on the posterior-anterior film were measured and their ratio calculated.
• 

• 
• Lung Voluass and Quasi-Static Transpulaonwj Pressure-Volume Curve.

• 
- 

• During each testing session, the subjects ~wailowed a balloon-tipped catheter

which was then positioned in the lower esophagus approxImately 15 cm above •

• the diaphragm. The esophageal balloon was 10 cm long and was filled with 0.5cc
• of air. Balloons were checked routinely for leaks and correct volume. With thà

balloon in place, the subjects performed single-breath nitrogen washout maneuvers

as outlined by Buist and Ross (2). Inspired and expired flow were controlled by

the subjects at 0.3 to 0.4 L sec ’ by reference to an analog flowmeter display.

• 
• 

During these maneuvers simultaneous recordings of nitrogen concentration versus
• - volume, and volume versus transpulmonary pressure were made using two X-Y

recorders. Inspired and expired volumes were measured by a dry, rolling seal

• 

• spirometer (Carcfio..Pulmonary Instruments). Transpulmonacy pressure (esophageal

• 
• pressure minus mouth pressure) was measured by a differential transducer (Statham

• PM-6). Nitrogen concentration was measured with a nitrogen analyzer (Cardio-

Pulmonary Instruments). Although linear at low altitude, this analyzer was found

to be significantly alinear at high altitude, presumably because of the lower density

of air. Therefore, nitrogen measurements obtained at high altitude were corrected

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ~~ ___

• 

- 

4

by a factor determined from a 4-point calibration procedure using analyzed ~~es

with nitrogen concentrations between 0 and 30%. At each testing session, the

I subjects performed a minimum of 3 and a maximum of 5 single-breath nitro~~
• 

• 
washout maneuvers. These maneuvers were jud ed acceptable when inspired aid

- • •  expired flow was maintained between 0.3 to 0.4 1.. sec4, inspired vital capac~~r

• did not differ from expired vital capacity by more than 5%, and the transpui ary

• - 
pressure-~~lume reoo~~ was free from esophageal contraction ardfect. From

• the records of expired nitrogen concentration versus expired volume the folk~~ng

• lung volumes were calculated as described by Buist and Ross (2): total kmg c’~~dty,

• 
• 

- 
residual volume, and closing capacity. In addition, the slope of phase III of tbe

• nitrogen washout curve was calculated. From the records of expired volume

• versus transpulmonary pressure and the calculated values for total lung capadly,

quasi-static pressure-volume relationships were obtained by determining lung

volume at transpulmonary pressure intervals of 2.5 cm of water between 0 an*l

30 cm of water. The values for the parameters obtained from acceptable re~~ds

from each subject at each testing session were averaged for use in the statisthal

analysis.

• • Without the esophageal balloon in place, the subjects also performed 3 ~
• 5 forced vital capacity maneuvers using a 9 liter, water-filled splrometer (W.E. - -

Collins). The subjects’ best effort, defined as the spirogram with the largest ~1aI

• capacity, was used in the data analysis. •

Transthoracic Electrical Impedance. Trans thoracic electrical impedance

was measured at each testing session using four aluminized mylar tape electrodes

and a Minnesota Impedance Cardiograph (Model 304A). A constant sinusoIdal

current (4mA rms) at 100 k hz was applied to two outer electrodes, one on the

— ~~~~~~~~• -~~~~
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• - nedc and the other around the abdomen. Changes in potential which reflect ~ anges

• 

- 
In impedance were measured from two inner electrodes, one around the neck end

• 
- • äne around the lower thorax (5). Measurements were made at total lung capa~ty

- 
- 

with the subject stancing following a 5 mm rest period. Reproducible electrode

• 
•

- 

• 

placenent was Insured by m arking the subjects with indelible ink during a pre- •

• 

• 

• 
• limk~a~y testing session. • 

• 

- 

• • •

• 
• • Venti látar ’g Par eters. At 0 and 72 h of the low and high altitude r=I,

- - 
-
. • an arterial blood sample was drawn from ihe brachial or radial artery using a 

•

- 

• 

- heparircized glass syringe and a 20 gauge needle with the subject supine. Loch 
-

• - 
• anesthesia (1% lidocaine) Was used at the puncture site. Samples were analy~~

• for pH, P~~ and P0 using a calibrated blood gas analyzer (Radiometer Mod~ 
-

• 2 2
• BMS3-.MK2 ). Immediately before or after this proced ure, expired air was coll ected

• for 3 mm via a two-way “3” valve into a meteorolog ical balloon. The volume

of expired gas was measure d with a spirometer (W. E. Collins) and its 02 and 002 - •

concentrations with gas analyzers (Beckman OM-1 1 and LB-2). From these m~~sure-

• ments resting ventilation, physiological dead space, respiratory exchange rati~ -

alveolar P0 - and the alveolar-arterial gradient for oxygen were calculated. Res-
2 • 

-

• piratory frequency was measured during the collection of expired gas. •

Statistical Methods. Statistical analysis of the data was accomplished -

• • by either a 2-way Or a 3-way analysis of variance as appropriate using a repe~~d • 

•

• • 
• 

measures design. Variance ratios are reported for the main treatment effects 1’
of altitude and time and for the interaction of altitude and time. Effects wese •

considered significant when variance ratios exceeded the significance limit “P~
value for P <0.05. When the interaction variance ratio was not statistically sig-

nificant, main treatment effects were interpreted in a straightforward manner.

—— — - -~~•— 1~~-~~ ~~~~~~ _•
~~~~~~~ •~~

- -: - — - ~~~~~• • —— _________
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• 

• 

When the interaction variance ratio was signif icant, the variable analyzed was
• 

- 
judged to be a different function of time at low altitude than at high altitude

and main treatment effects were disregarded. 
• 

• 

• 

• 

-

As Is notedln the data to follow, n ls not equal to 25 for all parameters.
• In a few instances there were unavoidable test subject absences for one or nwue -

tests. A few subjects were not able to swallow the esophageal balloon on alt~ x

• testing sessions. Although attempted, arterial blood was not obtained from al

• subjects when scheduled. There were occasional equipment malfunctions. (~~
those subjects from whom a complete set of data had been obtained for a par-

• 
• ticular parameter were included in the analysis.

Results
• - Physical Examination and Chest Radiogr aphs . Symptoms report ed Ii~

the test subjects at low altitude general ly reflected the strenuous nature of t~~
simulated military operation with the largest number of subjects reporting syt~-

tom s at the 36 h testing session (Table 1). These same symptoms were also re-
• ported during the high altitude phase but by many more subjects and at all tiree

testing sessions. Once again there was a large increase in the number of subjects

• reporting sym ptoms at the 36 h testing session. Of particular note is the inaessed
- 

• frequency of headache, nataea, vomiting, dizziness, and anorexia at high a1ti~~e -

suggesting the development of acute mountain sickness in a large number oI,th.

• jects (6). In addition, symptoms compatible with, but not specific for , high ~~ Dzde

pulmonaEy edema (dyspnea at rest and exercise, coug h, wheezing, orth opnee~ ~~ e

also more frequently reported at high altitude.
- On physical examination (Table 2), pulmona ry edema was not present in

any subjec t as ju dged by the absence of rales and wheezing . However , an acc~ituate d

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~- -
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• •

- 

- 

- 
pulmonic component of the second heart sound and a gallop heart rhythm were

• - heard in a number of subjects at high eltitude suggesting the occ urrence of pulmon.

• 

• ary hypertenslon. • 
• 

• 
•

• 

- • A complete set of chest raciographs was obtained on 12 subjects. No definite
• 

• 

• abnormalities were observed at any time. There were 2 probab le findings of pert- .
- 

- 
brondial cuffing but both were observed durin g the low altitude phase of the

• study. In addition, 1 probable (low altitude) and 7 possible (2 at low and 5 at high
altitude) findings compatible with pulmonary vascular congestion were observed.

There was no significant change in the ratio of cardiac width to thorac ic width.
• 

• The mean and standard erro r for this parameter was 0.41±0.0 1.

Ventilatory Parameters. The effects of altitude exposure on the ventila-

tory parameters are shown in Table 3. Resting minute ventilation (yE) at 0 h was

the same at both low and high altitude but subse quently increased with time at

high altitude while the low altitude values did not change. The increase in

at high altitude was due primarily to an increas e in tidal vol ume, since there were

no significant changes in respirato ry f requency. Both 
~a and 1’a • were sig-

• 02 CO2nificant ly lower at high altitude than at low altitude. At both altitud es

tended to increase and 
~a to decrease with time. Arteria l pH at 0 h at ~1gh

• • Co
altitud e was greater than the2low altitude value and Increased further with time. -

At low alti tude, pH did not change. There-were no significant differences noted
• for the ratio of physiolog ical dead space to tidal volume. The alveolar—arterial

gradien t for oxygen decreased with time at both low and high altitude but did

• not change as a fu nction of altitude.

Lung Volumes and Quasi-Static Transpul rra, nary Pres sure-Volume Curves.

The effect s of high altitude ex posure on lung volumes are shown in Table 4. Forced 

;•_ _ _
~~_ ••_fl - _ a t _~~ . ~~— ~~~ ta t ,W r~~~____ —~~ f l •~~ ~~- - SS~~
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vital capacity was less at high altitude than at low altitude at all times. Although

total lung capacity was not affected by altitude, it increased significantly with

time during both the low and high altitude phases of the study. There was a sig-

nif icant and progressive Increase In resid ual volum e measured at 4300 m relative

to that observed at 200 rn. Closing capacity increased with time at both altitudes

• • and the increase was greater at high altitude than at low altitude. The slope of

phase Ill of the nitragan washout curve increased slightl y with time but did not

change as a function of altitude (Table 4).

Accepta ble expirato ry pressure -volume curves at all 6 testing sessions were

obtained from 11 subjects. From these records, lung volume was analyzed as

a fun ction of transpu irnonary pressure , altitude , and time using a 3-factor , re-

• peated measures analysis of varian ce. This analysis revealed that lung volume

was a significant ly different functio n of transpu lmonary pressure at high altitude

than at low altitude (variance ratio =3.24, p~~O.O0l) while volume as a function

of pressure was not significantl y changed by time. These data are represented

graphicall y in Figure 1, in which the pressure -volume relationshi ps at low and

high altitude , averaged acros s time , are shown. It is seen that the pressure-volum e

curve obtained at ~igh altitude is rotated clock wise with respect to the low altitude
• curve.

• t ’ransthorac.ic -Electrical Impedance. Since transthoracic impedance :

was measured at total lung capacity and since changes in this lung volume occurred

with time at both low and high altitude, the values of impedanc e were normalized

by expressin g them as ohm s per liter of total lung capacity. Impedance per unit

lung volum e was lower at high altitude than at low altitud e and tended to decrease

with tim e at both altitudes (Table 4). 

• • -~~ • - -
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- Discussion

- 
- Transthoracic electrical impedance was reduced at high altitude (Table*

- 
- Similar changes have been shown to accompany experimentally-produced ina~~es

- - 
In thoradc fluid volumes in both humans and animals (24,25). In addition, dwessed

• 

• 
- impedance has previously been reported in humans at high altitude (27) and, .~ e -

recently, Impedance has been correlated with the progression and regressiond

high altitude pulmonary edema (12).
- 

- - 
- The immediate and sustained decrease in force d vital capacity which ~~ 

-

observed at high altitude has also been previously reported (31). It has long lxen

• recognized that vital capacity is reduced by pulmonary edema and congesti on

caused by left heart failure (1). Vital capacity is also reduced during acute pIB-

• monary cong estio n caused by intraveno us administration of fluids (4) and neg~tve

pres sure breathing (22). The mechanism of this reduction probably involves rid

only the greater occ upation of space in the thorax by an Increased volume of

fluid, but also a change in the mechanical properties of the lungs (1).

The clockwise rotation of the trar ispu lmonary pressure -volume curve wWch

occurred at high altitude (Figure 1) suggests a stiffer , less compliant lung. Smilar

• changes have been observed in humans when thorac ic blood volume was incxeaed -

• by lowering intrathorac ic pressure (9) and in animals during experimentallyjisthiced
• • congestion and edema (3,7). 

• - - •

• Thus, the changes In Impedance, vital capacity and the pressure-vnlu me

curve - observed at high altitude are consistent with an increase in thoradc fl~d

volume whic h occ urred immediatel y upon arrival and persisted for the remai~ler

of the sojour n. On the basis of these measurements alone, It is not possible 1D

speculate whether the increase in fluid volume was purely extravascu lar or ~bether 

:!~~~~~~~~~ - ~ - • -—~~~~~~-- - -
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it was both extravascular and intravascular. Certainly, an increase in central

blood volume due to pulmonary hypertension induced by hypoxia would not be
• • 

- - ~~ -: : •w~ecpected (16,19,28,32). The findings ot an accentuated pulmonic component

of the second heart sound and a gallop heart rhythm In several subjects at high

altitude are consistent with this expectation (Table 2). But is an increase In extra-

vascular fluid volume a reasonable possibility?
-

• In air subjects, dosing capacity and residual vol ume increased at high aid..

• - • 
tude (Table 4), suggesting the development of premature closure of small airways

• In dependent lung regions. A well -documented cause of premature small airway

- 
closure is the acciinulation of pulmonary edema fluid in the peribronchial spaces

of the lung (11,14,21,23). Staub et at. (29) have demonstrated that these spaces
• are the first sites of fluid accumulation in the development of pulmona ry edema.

• Thus, the changes in closing capacity and residual volume are consistent with

an increase in lung extravasc ular flu id volume.

In contras t to impedance, vital capaci ty and the pressure -volume curve,

residual volume and closing capacity were not changed immediat ely upon arrival

at high attitude (Table 4). Significant increases in these volumes did not occur

until later. On this basis, we propose the following sequence of events as one-

possible explanation of our findings. Upon arrival at high altitude , there was an

- 

- 

abrupt increase in cen~ al blood vol ume due to pulmonary hypertension induced

by hypoxia. The Increased blood volume caused immediate decreases In trans-

thoradc electrical impedance and forced vital capacity and the clockwise rotation

of the trans ptdmonary pressure -volume curve. Subsequent ly, because of sustained

elevations In intravascu lar pressures , there was a slow accumulation of flui d in 
- -

the peribronc hial and perivascular spaces of dependent lung regions , which resulted

-— 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ —
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• in the gradual development of premature airway closure and thus increases a

closing capacity and residual volume. -

Dyspnea, cough, whe&lng and or thcpnea were reported by the subjecb u~ - 
•

• frequently at high altitude than at low altitude. These sympto ms are ccmp~~~
with , but of course not specific for, pulmonary edema. On physical exarn1n~~~
no signs of pulmonary edema were present and no definite radiographic i.J~~~
of fluid accumulation in the lungs was found. Moreover , the radiographic 1I~~~~
of edema and congestion classif ied as “probable” or “possible ” were few and ied

to be randomly distributed between the low and high altitude films. Thus, U

pulmonary edema occurred at high altitude, it was too mild to be detectable ~
physical examinatio n or chest radiography.

The lack of significant change in the alveolar -arterial oxygen gradient ~~
in the dead space to tidal volume ratio indicates that pulmona ry edema, if pi~~~~ t,

was not sufficient to cause significan t deterioration in gas exchang e. Previoi~
measurements of the A-a 02 gradient at high altitude have been inconsistent

(18,19,26). Krone nburg et a!. (19) found an incr ease in VDFVT after acute ~~~ure

to high altitude. We cannot explain the difference between our results and ~~~s.

The slope of phase III of the single -breath N2 washout curve was not a1~~vd 
-

by high altitude exposure (Table 4), suggesting no significant change in the ~~~~~~ - -

bution of ventilation. Gray et at. (10) and Sutton et a!. (30), in contras t, r~j~~ d

significant increases in this variable. This discrepancy may possibly be exp’~~’d

by the alinearity of the N2 analyzer which we observed at high altitude. H~~
we not corrected for this alinearity , we also would have obtaine d a significa *

increase in the slope of phase Ill at high altitude. -

It is of parenthetica l interest that total lung capacity, althoug h uninfl ced

_ _ _ _ _ _ _ _ _ _ _ _  --- A
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by altitu de, underwent a sig nificant increase with respect to time (Table 4). We 
-

- 

have no explanation for this phenomenon other than to suggest that the Increased -

- 

- ventilation demanded by the prolonged exertion of the hikes may have altered

• the mechar&cal or rdl.x properties of the chest wall. Leith and Bradley (20)

- 

- 

- observed similar lna~~~~~In TLC in humans performing maneuvers Intended te -

• increase ventilatory muscle strength. - -

Finally, it should be emphasized that none of our measurements canstit~.

- direct evidencefor an Increase In lung fluid volume. At present, it is not pos~~ e

- 

- to obtain such evidence from human subjects. Thus, the postulation that lung 
-

• 
• 

fluid volume increases at high altitude, although plausible, remains unproved. 
• 

-

- 

I
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Table 1. Numbers cd subjects reporting symptoms at low and high altitude (n’25)

Phase
Symptom Low Altitude High Altitude

— ~- :-  - - - Oh 36h 72h Oh 36h 72h

- - Fatigue 
- - 

- 3 4 18 19
- Weakness -

- - • 3 1 12
— 

- - 

- 
- 

- 

Chills • 2 - 1 12 -

Sweats - 1 1
Fever • 

- 1 -

Headache 
- 5 - - 5 21 5

Dizziness - 1 1 3 .  8 1
Visual disturbance - 

- - 2
Rhinorrbea 

- 2 3 12 8
Epistaxis 1 1
Sore throat 

- 3
Dyspnea at res t 3 12 • 2
Dyspnea with exercise 3 21
Cough - 2 7 3
Sputum production 2
Wheezing 1 2
Chest pain 1
Palpitations 1 - 1
Orthopnea 7
Anorexia 

- 
3 1 1 14 1

Nausea 2 6 12
Vomiting 3
Abdominalpain 1
Diarrhea 

• 
1 1 1 2

- 
Constipation 2
Inability to solve

problems 
• 

2 13 4
Impaired memory 3 .5 3
~~~~~~ 2 :
Insomnia - 1
Tinnitus 1 1 1
Foot blisters 8 4 

~~~ ---- - - 



Table 2. Numbers of subjects exhibiting abnormalities at low and high altitude tt=25)

• ~~~ e
Physical Fincing - Low Altitude 

- High Altitude
- 

- - Oh 36h 72h Oh 36h 72h

Vhe&lng 
• 

• 
- 

-

Rales - -
- -

•

RoncN - - I
Cyanosis 

- 
• 12 23 3

Arrhythmia - 
• - 

• I -

AccentuatedP * • 5 3
Gallop heart 4thm - 

- 
4

Heart murmur - 1 - I
*pulmonlc component of the second heart sound.

4
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Figure 15 Mean exp ired limb of the quasi-static tra risp ulmonary pressure -volume
curve at low altitude (LA) and high altitude (HA). Each point is the mean of 33
obse rvatio ns, obtained from 11 subjects at 0, 36, and 72 h of each phase. The
analysis of varian ce indicates that lung volume was a diffe rent fun ction of trans.-
pulmonary pressure at high altitude than at low altitude (pc 0.001).
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