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HHiigghh aallttiittuuddee ppuullmmoonnaarryy ooeeddeemmaa::  wwhhoo ggeettss iitt aanndd wwhhyy??

A.J. Peacock*

High altitude pulmonary oedema is a life-threatening
condition which can affect otherwise healthy indivi-
duals travelling at altitude.  Common clinical features
are breathlessness, chest pain, cough and haemoptysis,
and these features often occur against a background of
symptoms of mountain sickness, such as headache, nau-
sea, insomnia and dizziness.  The incidence of high alti-
tude pulmonary oedema is difficult to assess but attempts
have been made;  in 1976 HACKETT and RENNIS [1] showed
that 2.5% of trekkers passing through Pheriche (4243 m)
in the Khumbu region of Nepal suffered from high alti-
tude pulmonary oedema (HAPE).  Since the syndrome
occurs in otherwise fit people and high altitude travel is
becoming more common due to the increasing adven-
turousness of holiday makers, it would be very useful to
be able to predict which individuals are likely to get into
trouble if they travel to altitude.  In order to make this
prediction, we need to know the cause of high altitude
pulmonary oedema but, at the present time, no single
cause has been found.

Excessive breathlessness with high altitude travel has
been known about since pre-Christian times but it was
not until 1960 that the condition was recognized as a
separate entity [2].  Since this clinical description, there
have been many attempts to explain the cause of the synd-
rome.  These have included left ventricular failure, pulmon-
ary thromboembolism, pneumonia, excessive pulmonary
hypertensive response to hypoxia, inadequate ventila-
tory response to hypoxia, excessively leaky pulmonary
capillaries on exposure to hypoxia and stress failure of
the pulmonary capillaries.  There are several important
clinical features of the syndrome which may point to its
aetiology.  It is rare below 2,000 m altitude.  The inci-
dence is increased by exercise at altitude and also if cold
conditions prevail.  There is no relationship between
HAPE and physical fitness, as measured by  maximum
oxygen consumption, but there is marked individual sus-
ceptibility - an individual who has suffered HAPE before
is likely to get it again even though they are apparently
otherwise entirely well.  When catheter studies have been
performed prior to treatment, it has been found that HAPE
is often associated with severe pulmonary hypertension.
In addition, bronchoalveolar lavage studies have shown
that the pulmonary oedema fluid is rich in protein [3],
and the fluid may contain inflammatory mediators [4].

It is now clear that HAPE is not due to left ventri-
cular dysfunction.  We know this because the oedema is
protein-rich and the wedge pressure, when measured, is

usually normal.  HAPE is also unlikely to be due to pul-
monary thromboembolism. Where intravascular pulmon-
ary artery thrombosis is seen on postmortem, it is likely
that these thrombi have occurred  in situ rather than
embolising from other parts of the body.  For many
years, it was held that HAPE was due to pneumonia but
this is now known to be untrue, although the patients are
often feverish and inflammation may be important [5].
The more likely factors in the aetiology of HAPE are:
1) abnormally brisk vasoconstrictor response to hypo-
xia; 2) inadequate ventilatory response to hypoxia; and
3) leak or stress failure of the pulmonary capillaries.

There now appears to be no doubt that the response
of the pulmonary vasculature to hypoxia is extremely
important in the aetiology of HAPE.  The reasons for
this assertion are as follows.  Cardiac catheterization usu-
ally demonstrates severe pulmonary hypertension prior
to treatment.  The condition is more common where there
is absence of a pulmonary artery [6, 7] and pulmonary
flows are higher.  Cold, a known precipitating factor in
HAPE, is known to raise pulmonary artery pressure [8].
Even when pulmonary artery pressure has not actually
been measured, chest radiographic images will often show
an increase in pulmonary artery size suggesting high
intraluminal pressures [9].  Humans and animals who
live successfully at high altitude tend to have thinner pul-
monary arteries and a diminished pulmonary vasocon-
strictive response to hypoxia [10, 11].  High altitude
pulmonary oedema can be both prevented and treated
with calcium antagonists, which are known pulmonary
vasodilators [12].

From the above, it is clear that the pulmonary cir-
culation is implicated but additional factors, such as leak-
ing capillaries, may also be important, particularly since
it is necessary to explain the high protein content of the
oedema [13]. Although it is difficult to prove that
hypoxia per se causes leak in the pulmonary capillaries,
it is likely that the finding of diminished vital capacity
on exposure to hypobaric hypoxia is due to leak of fluid
into the interstitium [14].  A major argument against the
view that high pulmonary artery pressures cause HAPE
is that the leak occurs downstream from the vasocon-
striction.  This anomaly may be explained by HULTGREN'S
observation that the pulmonary oedema is patchy [15].
If the vasoconstriction that occurs in response to hypoxia
occurs more in some pulmonary arteries than others then
this would account for the fact that some capillaries are
exposed to very high pressures whereas others are pro-
tected.  This patchy vasoconstriction would also explain
West's theory of HAPE - stress failure of the pulmonary
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capillaries.  West's group have shown by electron micro-
scopy that excessive pressure on thin walls of the unpro-
tected capillaries can lead to breaks in the capillary
endothelial layer and leak of protein fluid and blood cells
into the alveolar space [16].  Whilst it seems very likely
that changes in the pulmonary circulation in response
to hypoxia are responsible, at least in part, for HAPE,
the role of the hypoxic ventilatory response is more con-
troversial.  Some studies have suggested that subjects
with a history of high altitude pulmonary oedema have
a lower hypoxic ventilatory response [17], but others
maintain that this correlation was not valid [18].

It seems clear that an idiosyncratic and excessive pul-
monary vascular vasoconstrictive response to hypoxia is
the primary event in the aetiology of HAPE.  This vaso-
constrictive response is patchy and, as a consequence,
there is an increase in pressure on some capillaries, which
are made more leaky by the effect of hypoxia on their
integrity.  The result of this is leakage of protein rich
fluid and sometimes blood into the alveolar space.  If
hypoxic ventilatory response is important,  then this could
precipitate the suggested chain of events by allowing
excessive alveolar hypoxia.  From the above, it is clear
that attempts to predict HAPE in otherwise fit indivi-
duals should concentration on the pulmonary vascular
responses to hypoxia and possibly also the ventilatory
responses to hypoxia.  Clearly, any test to be performed
on healthy individuals must be noninvasive and have a
low incidence of false negative results.  The most promis-
ing test has been the measurement of the pulmonary
vascular response to hypoxia using Doppler echocardio-
graphy.  This test relies on the fact that when pulmonary
hypertension develops there is an abnormally short acce-
leration time in the pulmonary artery in relation to total
ejection time, and also that higher pressures in the right
ventricle result in blood refluxing through the tricuspid
valve.  The acceleration time and the ejection time can
be measured by echo.  The velocity of the refluxing blood
can be measured by Doppler and is directly proportional
to the pressure developed in the right ventricle and, hence,
to pulmonary artery pressure. This method has been used
by YAGI et al. [19] and VACHIERY et al. [20].  Both these
studies found that subjects with a previous history of
HAPE had excessive pulmonary vascular responses as
measured by noninvasive means.  Unfortunately, because
of the range of responses obtained, they could not pre-
dict whether a particular individual would experience dif-
ficulties.  This, ultimately, must be the aim of any predictive
test.

The other method of prediction, based on the effect of
hypoxia on ventilation has been pioneered by RICHALET

et al. [21].  He makes subjects exercise to 30% of their
maximum oxygen consumption (V 'O2,max) under hypoxic
conditions and measures changes in heart rate and arte-
rial oxygen saturation.  Using this test, RICHALET et al.
[21] claim that they can predict high altitude pulmonary
oedema in the majority of cases, but confirmation of this
success is necessary.

As reported in this issue of the Journal, in an attempt
to solve the problem once and for all, HOHENHAUS et al.
[22] have combined  hypoxic ventilatory responses and

hypoxic pulmonary vascular responses as predictive tests.
They took 10 subjects with a history of HAPE, 10 sub-
jects with a history of acute mountain sickness, and 10
controls. In each subject, they measured the ventilatory
response to hypoxia (HVR), the ventilatory response to
hypercapnia and the hypoxic pulmonary vascular res-
ponse (using Doppler echocardiography).  They found
that HVR was lower in the HAPE susceptible subjects
compared with nonsusceptible controls but not different
from subjects susceptible to acute mountain sickness.
Doppler measurement of pulmonary vascular response
to hypoxia did not lead to further discrimination between
HAPE susceptible and acute mountain sickness suscep-
tible subjects.  The pulmonary vascular response did
appear to be different in HAPE susceptible subjects from
controls but, as in the study of VACHIERY et al. [20], pre-
dictions could not be made on an individual basis.

All this is very disappointing to those interested in
high altitude physiology who would like to be able to
predict responses to high altitude.  The most promising
avenue of research must be the response of the pulmonary
circulation to hypoxia.  But, until we can be certain that
we can adequately predict the response of individuals to
altitude we must ensure that everyone who travels to alti-
tude receives adequate advice on acclimatization sched-
ules and what to do if symptoms develop.  The most
important part of that advice will of course be, "if in
doubt, descend".

References

1. Hackett PH, Rennie D.  The incidence, importance and
prophylaxis of acute mountain sickness.  Lancet 1976;
ii: 1149–1154.

2. Houston CS.  Acute pulmonary oedema of high alti-
tude.  N Engl J Med 1960; 263: 478–480.

3. Hackett PH, Burtman J, Rodriguez G.  Pulmonary oede-
ma fluid protein in high altitude pulmonary oedema.  J
Am Med Assoc 1986; 256: 36.

4. Schoene RB, Swenson ER, Pizzo CJ, et al. The lung at
high altitude: bronchoalveolar lavage, acute mountain
sickness and pulmonary oedema.  J Appl Physiol 1988;
64: 2605–2613.

5. Ono S, Westcott JY, Chang SW, Voelkel NF.  Endotoxin
and priming followed by high altitude causes pulmon-
ary oedema in rats.  J Appl Physiol 1993; 74: 1534–
1542.

6. Hackett PH, Crerg CE, Grover RF, et al.  High altitude
pulmonary oedema in persons without the right pulmon-
ary artery.  N Engl J Med 1980; 302: 1070–1073.

7. Fiorenzano G, Rastell I, Greco V, Di-Stefano A, Dottorini
M.  Unilateral high altitude pulmonary oedema in a sub-
ject with right pulmonary artery hypoplasia. Respiration
1994 61: 51–54.

8. Kashimura O, Affects of acute exposure to cold on the
pulmonary artery blood pressure in a rat.  J Nippon
Eiseigaku Zasshi 1993; 48: 859–863.

9. Koizumi T, Kawashima A, Kubo K, Kobayashi T, Sekiguchi
M.  Radiographic and haemodynamic changes during
recovery from high altitude pulmonary oedema.  J Intern
Med 1994; 33: 525–528.

10. Gupta ML, Rao KS, Anand IS, Banna GAK, Bopari MS.
Lack of smooth muscle in the small pulmonary arteries

A.J. PEACOCK1820



of the native Ladakhi.  Am Rev Respir Dis 1992; 145:
1201–1204.

11. Anand IS, Harris E, Ferrari R, Pierce P, Harris P.  Pulmo-
nary haemodynamics of the yak, cattle and crossbreeds
at high altitude.  Thorax 1986; 41: 696–670.

12. Oelz O, Maggiorini M, Ritter M, et al.  Prevention and
treatment of high altitude pulmonary oedema by a cal-
cium channel blocker.  Int J Sports Med 1992; 13 (Suppl.
1): S65–68.

13. Schoene RB, Hackett PH,  Henderson W, et al.  High
altitude pulmonary oedema:  characteristics of lung lavage
fluid.  J Am Med Assoc 1986; 256: 63–69.

14. Welsh CH, Wagner PD, Reeves JT, et al.  Operation
Everest 2: spirometric and radiographic changes in accli-
matised humans at simulated high altitudes.  Am Rev
Respir Dis 1993; 147: 1239–1244.

15. Hultgren H, Spikard W, Lopez C.  Further studies of
high altitude pulmonary oedema. Br Heart J 1962; 24:
95–102.

16. West JB, Mathieu-Costello O.  The stress failure of
pulmonary capillaries:  role in lung and heart disease.
Lancet 1992; 340: 762–767.

17. Hackett PH, Roach RC, Schoene RB, et al.  Abnormal
control of ventilation in high altitude pulmonary edema.
J Appl Physiol 1988; 64: 1268–1272.

18. Millege JS, Bealy JM, Broome J, Lough N, Pelling M,
Smith D.  Acute mountain sickness:  susceptibility, fit-
ness and hypoxic ventilatory response. Eur Respir J
1991; 4: 1000–1003.

19. Yagi H, Yamada H, Kobayashi T, Sekiguch I.  Doppler
assessment of pulmonary hypertension induced by hypoxic
breathing in subjects susceptible to high altitude pul-
monary oedema.  Am Rev Respir Dis 1990; 142: 796–801.

20. Vachiery JL, MacDonagh T Morraine JJ, et al. Doppler
assessment of hypoxic pulmonary vasoconstriction in
susceptibility to high altitude pulmonary oedema.
Thorax 1995; 50: 22–27.

21. Richalet JP, Keromes A, Dersch B, et al. The physio-
logical characteristics of high altitude climbers.  Sci Sports
1988; 3: 89–108.

22. Hohenhaus E, Paul A, McCullough RE, Kücherer H,
Bärtsch P.  Ventilatory and pulmonary vascular response
to hypoxia and susceptibility to high altitude pulmonary
oedema.  Eur Respir J 1995; 8: 1825–1833.

HIGH ALTITUDE PULMONARY OEDEMA 1821


