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Studies on Susceptibility to High Altitude Pulmonary Edema
(HAPE) : Field Study in Subjects with History of HAPE

Towa SEKI

Department of Internal Medicine, Shinshu University School of Medicine
(Director : Prof. Shozo KUSAMA)

"

To determine whether there is any constitutional susceptibility underlying the development of
high altitude pulmonary edema (HAPE), the author performed certain clinical and laboratory tests
on twelve HAPE-susceptible subjects (HAPE-SUSC) with a history of HAPE and eleven control
subjects at mountains from 2,740 m to 2,920 m above sea level in the Hida range, the so-called “Japan
Alps”, for 4 successive days. »

Environmental Symptoms Questionnaire III (ESQ-III) was used for identifying acute mountain
sickness (AMS), and for evaluating its severity. Oxygen saturation, blood cell counts, blood che-
mistry, and concentrations of thromboxane B, and 6-keto-PGF,, in blood plasma were measured.
Chest X-ray films were taken in Matsumoto before the ascent and after the descent.

The incidence of AMS in HAPE-SUSC was higher than in control subjects. AMS symptoms was
exacervated in the morning at high altitude in HAPE-SUSC. There was a close relationship between
cerebral AMS score and respiratory AMS score. HAPE-SUSC had lower oxygen saturation than con-
trols at any given altitude. Platelet counts in HAPE-SUSC decreased and were significantly different
from those at low altitude. Thromboxane B, in HAPE-SUSC increased significantly, while that in
controls did not increase. 6-Keto-PGF,, decreased at high altitude in both HAPE-SUSC and controls.
HAPE developed in one of twelve HAPE-SUSC on the 4th day.

These findings suggest that there is a susceptibility to HAPE which may play an important role
in its pathogenesis. Shinshu Med. J., 36 : 83—98, 1988
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Table 3 Rate of acute mountain sickness evaluated with ESQ-III

Day 1st 2nd 3rd 4 th
Time Morning Evening | Morning Evening | Morning Evening | Morning
Altitude 610m 2,700m | 2,700m 2,850m | 2,80m . 2,80m | 2,850m
A HAPE-SUSC ] 1,/12 2/12 1/12 6,12 2,/12 3/12
M (n=12) (8%) | Q7% | (8% | 0% | Q7% | (25%)
S
| Control 0 0 0 0 1/11 1,/11 1/11
R (n=11) ‘ C9%) | (9% | (9%
A HAPE-SUSC 0 1/12 1/12 2/12 5,/12 1/12 6,12
M (n=12) (8% | (8% | 7% | 2% | (8%) | (50%)
S
J Control 0 1/11 0 0 0 0 1/11
c (n=11) (9% (9%
A HAPE-SUSC 0 1,12 2/12 2/12 6,12 2/12 6,12
M (n=12) (8% | (7% | Q7% | 0% | 7% | 0%
S
Control 0 1/11 0 0 1/11 1/11 1/11
(n=11) 9% C9%) | C9%) | (9%)

HAPE-SUSC; High altitude pulmonary edema susceptible subjects. Control; Control subjects.
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Table 4 ESQ score during the medical research expedition

Day 1st 2nd 3rd 4th
Time Morning Evening | Morning Evening | Morning Evening | Morning
Altitude 610m 2,700m 2,700m  2,850m 2,80m 2,850m | 2,850m
A HAPE-SUSC 0. 102 0.203 0. 299 0.275 0. 490 0.275 0.515
M (n=12) 0,100 |£0.361 |40.283% |£0.229+¢ |0.422x4 |£0.279 [£0.446%
S
| Control 0.076 0.181 0.182 0,194 0.230 0.214 0.268
R (n=11) +0,107 |+0.202 |{£0.166 |£0,206 |+0.214 [£0.228 |+0.242+
A HAPE-SUSC 0.041 0.463 0. 336 0.293 0.743 0.304 | 0.806
M (n=12) +0.079 |£0.710 |£0.374% |£0,352+ |£0.687:f |H=0.271% |20, 794x%
S
| Control 0. 075 0.311 0.246 0. 155 0. 268 0.212 0. 400
C (n=11) 4+0.127 |0.289% |+0,208% |[+0.116 |40.221% |20.150% [+0.30L+

HAPE.SUSC; High altitude pulmonary edema susceptible subjects.

Means =+SD. # p<0,05 from lst morning.
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Fig. 1 Sequential changes in AMS-R scores in
HAPE-susceptible subjects and controls
from day 1 morning (610 m altitude)
to day 4 morning (2,850 m altitude).
HAPE-susceptible subjects (n=12, filled
circles and solid lines), Controls (n=
11, open circles and dashed lines), Va-
lues are means=+SE, *p<0.05 from
day 1 morning, %p<(0.05 between two
groups.
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Control ; control subjects.
t p<0.05 between HAPE-SUSC and Control.
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Fig. 2 Sequential changes in AMS-C score in
HAPE-susceptible subjects and controls
from day 1 morning (610 m altitude)
to day 4 morning (2,850 m altitude).
HAPE-susceptible subjects (n=12, filled
circles and solid lines), Controls (n=
11, open circles and dashed lines), Va-
lues are means=+SE, *p<0. 05 from day
1 morning, %p<{0.05 between two
groups.
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Fig. 3 Comparison of data among
individual AMS-R scores in
controls, HAPE-susceptible
subjects on day 2 evening
and day 3 morning.

Fig. 4 Comparison of data among
individual AMS-C scores in
controls, HAPE-susceptible
subjects on day 2 evening
and day 3 morning.
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Score
1.5}
1.0} - .
e <. r=0.853
os5F ¢, - p<0.01
;‘ . -‘ .
QL s s & .
0 1.0 2.0 3.0
AMS-C Score

Fig.

5 Relationship between AMS-R score and AMS-C score in HAPE-

susceptible subjects at high altitude.
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Table 5 Changes in peripheral blood cell Table 6 Changes in blood chemistry during
counts during the expedition the expedition
Day 1st . 4th Day 1st 4th
Altitude 610m 2, 850m Altitude 610m 2, 850m
RBC ' TP ] .
(% 10*/mm?) 510+ 30 500+ 30 (g/dD 7.0+0.3 6.6+0,3*
Hb BUN
=+ L 9+1, . 3+3. .03,
HAPE. (g/dD 15.0£1.0 14.9+1.0 HAPE. (mg/dl) 16.3+3.0 15.0+3.0
SUSC (P;t) 44,4427 45.2+2.7 susc %g/}}) 174+ 30 2014 40%
(]
(n=12) Plat (n=12) CPK
(% 10¢/mm?) 30,44+7.0 23.5-4, 4% ) u/b 148-- 99 297+297
WBC Fe
=+ # + + 18%*
¢ /mm®) 5400-4-1200 710041700 Cug/dl) 112+ 33 61+ 18
RBC TP
(% 10/mm®) 490+ 50 510+ 30 Ca/dD) 7.4%0.4 7. 00, 3*
Hb BUN
& +
(g/dD) 14,3+1.1 15,740.8 (me/dD) 17.0+3.0 15.0+3.0
Control Hit Control LDH
% 44,5+3.0 46.0X2.6 U/l 186+ 16 208+ 35
(n=11) Pl (4 (1‘1:11) ( /)
at CPK
(x104/mm?) 28.1+6.6 26,3%7.2 /b 137+ 66 386194
WBC : Fe
+ +25 +
C /mmf) 6100700 670042500 Ceg/dD) 98+ 25 804+ 40
Means=+SD. Means+SD.

#p<70. 05 between lst day and 4th day.

30

1 04/ mm®

25

20~

Fig. 6

80

-
n
w
sl

Time course (day)

Sequential changes in platelet counts
in HAPE-susceptible subjects and
controls from day 1 morning (610 m
altitude) to day 4 morning (2, 850 m
altitude). HAPE-susceptible subjects
(n=12, filled circles and solid lines),
Controls (n=11, open circles and
dashed lines), Values are means+
SE, *p<{0.05 from day 1 morning,
*p<0. 05 between two groups.

#p<0, 05 betV_veeﬁ 1st day and 4th day.

-2
3

85—

Fig. 7

Time course (day)

Sequential changes in oxygen satu-
ration in HAPE-susceptible subjects
and controls from day 1 morning (610
m altitude) to day 4 morning (2, 850
m altitude). HAPEsusceptible subjects
(n=12, filled circles and solid lines),
Controls (n=11, open circles and
dashed lines), Values are meanszt
SE, *p<{0.05 from day 1 morning,
*p<{0. 05 between two groups:
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Fig. 8 Changes in oxygen saturation in con-
* trols and HAPE-susceptible subjects
on day 1 morning (610 m altitude)
and day 4 morning (2, 850m altitude).
Controls (n=11), HAPE-SUSC (n=
12).
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Fig. 9 Sequential changes in concentration
of thromboxane B, in HAPE-suscep-
tible subjects and controls from day
1 morning (610m altitude) to day 4
morning (2,850 m altitude). HAPE-
susceptible subjects (n=12, filled ci-
rcles and solid lines), Controls (n=
11, open circles and dashed lines),
Values are means=+SE, *p<0. 05 from
day 1 morning, %p<0.05 between
two grops.

during stay at high altitude.

Fig. 11 Chest roentgenograms of a HAPE-susceptible subject in whom HAPE developed
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Fig. 10 Sequential changes in concentration
of 6-keto—-PGF,, in HAPE-suscep-
tible subjects and controls from day
1 morning (610m altitude) to day
4 morning (2, 850m altitude). HAPE-
susceptible subjects (n=12, filled
circles and solid lines), Controls

(n=11, open circles and dashed lines),
Values are means=+SE, *p<0. 05 from
day 1 morning.

a. Chest roentgenogram taken before the ascent was clear.
b. Chest roentgenogram taken soon after the descent showed fluffy infiltrates

in the bilateral lower fields.
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Table 7 Laboratory data in a case with HAPE

Before After
Ascent Descent

Peripheral blood cell counts

RBC (x10*/mm?) 379 407
Ht (%) 36 38
Plat (x10*/mm?) 19.8 20.9
WBC ( /mm?*) 7,400 8, 500
Urine
Protein (- (+)
Sugar - =
Blood chemistry
TP (g/dbD 6.4 5.9
LDH (U/D 223 222
CPK (U/) 66 103
GOT (KU) 11 17
BUN (mg/dl) 19 20
Fe (pg/dD) 84 34
Arterial blood gas analysis
pH 7.37 7.44
Pa0, (Torr) 74.9 46. 8
PaCO, (Torr) 44,1 31.2
No. 1, 1988
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