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Thrombosis as a complication of extended stay at
high altitude

A. C. ANAND, S. K. JHA, A. SAHA, V. SHARMA, C. M. ADYA

ABSTRACT
Background. There is limited knowledge about the medical

problems of long term stay at high (>3000 m) and extreme
(>5000 m) altitudes, as these areas are generally considered
uninhabitable.

Hethods. Prospectively collected clinical records of all
patients hospitalized at Command Hospital, Western Command
between November 1998 and February 2000 were reviewed to
identify thrombotic complications among patients from high and
extreme altitude areas as well as those from non-high altitude
areas who were <45 years of age.

Results. Of 20 257 hospital admissions during the study
period, 1692 .were from high and extreme altitude areas.
Forty-six patients from these areas had thrombosis-related
diseases compared to 17 from non-high altitude areas (odds
ratio: 30.49; 95% CI: 17.06-51.67; p<0.001). The mean
(SD) age of all patients with thrombotic complications was 32
(8) years and all were men. The mean duration of stay at high
and extreme altitudes of such patients was 10.2 (5.6) months.
Only 25 were smokers (mean 5.2 pack-years) and 39 con-
sumed alcohol (mean 54 ml/day). Apart from frostbite in 5,
no other medical condition was noted in these patients. The
vascular events were deep vein thrombosis (20), pulmonary
thromboembolism (6), stroke ( 15), thrombosis of the abdomi-
nal veins (8), and retinal artery and peripheral arterial throm-
bosis (1 each). The presenting complaint in all patients with
thrombosis of the abdominal veins was poorly localized pain in
the upper abdomen followed by ascites (6/8). Five of these
patients also had a large spontaneous splenic haematoma. None
of the patients investigated was found to have a procoagulant
disorder.

Conclusion. Long term stay at high and extreme altitudes is
associated with a 30 times higher risk of spontaneous vascular
thrombosis. Veins are common sites of such thrombotic events.
We also encountered thrombosis of the portal, splenic and
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superior mesenteric veins in our patients who had stayed at high
and extreme altitudes.
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INTRODUCTION
Increasing travel to mountainous terrains has brought to light
several medical problems related to a short stay at high altitude as
well as ways to prevent them. 1 Acute mountain sickness, and high
altitude pulmonary and cerebral oedema are known to be associ-
ated with rapid ascent to heights over 3000 m above mean sea level
(MSL). Very little is known about the effects of long term stay at
high and extreme altitudes as most of our knowledge is based on
isolated studies carried out during mountaineering expeditions.'
Some of the effects of long term stay at high altitude, such as
chronic mountain sickness, have been described mainly in native
highlanders.' When the Indian Army occupied positions at heights
over 5000 m above MSL, its men faced the ultimate test of survival
in adverse environmental conditions, giving us a unique opportu-
nity to observe some problems hitherto unknown in the medical
literature. Apart from a few case reports." vascular complications
occurring at high altitude have never been systematically studied.
Some workers believe that pulmonary hypertension of high alti-
tude is also related to intravascular activation of the coagulation
process.v' This is possibly the first study to document the unique
profile of vascular thrombosis in people accustomed to living at
low altitudes (low-landers) who have an extended stay at high and
extreme altitudes.

PATIENTS AND METHODS
Clinical data collected prospectively on all patients hospitalized at
the Command Hospital, Western Command, India between
November 1998 and February 2000 were reviewed. The patients
were broadly classified into two groups: those from high (over
3000 m above MSL) and extreme altitude (over 5000 m above
MSL) areas were classified as the high altitude areas (HAA) group
while the others were placed in the non-high altitude areas
(NHAA) group. Ours is a referral hospital for almost two-thirds of
troops located at HAA as well as those of the Western Army
located elsewhere in low altitude areas; and receives patients who
cannot be retained or managed at peripheral hospitals. For a
realistic comparison, in the NHAA group, we included only
patients <45 years of age as army personnel at HAA are mainly
young people.

Vascular complications were further classified as deep vein
thrombosis (DVT) of the legs, pulmonary thromboembolism
(PTE), stroke, abdominal vein thrombosis (AVT), and miscella-
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neous vascular lesions such as peripheral arterial thrombosis, and
retinal vein or artery thrombosis. The diagnosis ofDVTwas made
in patients with a suggestive clinical picture, and confirmed by a
Doppler ultrasound study of the leg veins showing an echogenic
thrombus in the lumen of the vein with absence of flow. Pulmonary
thromboembolism was diagnosed on the basis of a suggestive
history, findings of right axis deviation on electrocardiography,
presence of pulmonary hypertension, hypoxaemia on arterial blood
gas sudies (including A-a gradient) and isotope scanning which
showed gross ventilation-perfusion mismatch. Abdominal vein
thrombosis was diagnosed on the basis of a suggestive clinical
picture'" and imaging evidence (colour Doppler or CT scan of the
abdomen) of thrombosis in the splenic, portal and superior mesen-
teric veins. Similarly, a diagnosis of stroke was made clinically
and supported by CT/magnetic resonance imaging study of the
brain and ultrasound/Doppler study of the carotid arteries.

In addition to routine clinical data, a past or family history of
thrombotic complications was sought in all the patients. A special
note was made of smoking habits, drug intake, total stay at high
altitude and events prior to the onset of symptoms, such as trauma
to the affected part, dehydration, period of immobilization, or any
other event. Apart from specific tests to diagnose the vascular
event, a standard protocol of investigations was carried out to
determine the cause of thrombosis, which included a haemogram,
peripheral smear, platelet count, prothrombin time, partial throm-
boplastin time with Kaoline, lipid profile, serum fibrinogen, and,
in selected cases (on clinical or hematological suspicion), special
tests such as the sickling and Ham's sucrose lysis tests. Wherever
possible, tests for lupus anticoagulant, antiphospholipid antibod-
ies, proteins C and S, and antithrombin-III levels were also carried
out (test for Factor V Leiden was not available). Statistical
analysis using the Chi-square and Student's t test were carried out
with the help of EpiInfo-6, a freeware supplied by the World
Health Organization.

RESULTS
A total of 20 257 patients were hospitalized at the Command
Hospital, Western Command, Chandimandir during the study
period, of whom 8.4% had been transferred in from medical units
situated at altitudes approximately 4000 m above MSL. All these
patients had been deployed at heights greater than 4270 m prior to
hospitalization. The number of vascular complications noted in
the hospital records is outlined in Table 1, and the incidence of
these was at least 30 times higher in those deployed at high
altitudes (95% CI: 17.06-51.67), which is statistically signifi-
cant.

The mean age of the patients was 32 years. The age of patients
in the NHAA group was significantly higher than that of the HAA
group (p=0.0037) and may reflect the age distribution of troops at
these two locations (Table II). All the patients were men and had

TABLE1. Admission data of Command Hospital, Western
Command, Chandimandir from November 1998 to February
2000

Area Total admissions
(%)

Vascular
complications

(n)

Incidenceamong
hospitalized

patients

High altitude
Non-high altitude

Total

1692 (8.4)
18 565 (91.6)
20257 (l00)

27.211000*
0.9/1000*
3.111000

46
17
63

* odds ratio: 30.49; 95%CI: 17.06-51.67; p=O.OOI
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TABLEII. Demographic profile of patients with vascular
complications

Characteristic All (n=63) High altitude
(n=46)

Non-high
altitude
(n=17)t

Mean age (in years) 32 (8)
Altitude at which symptoms
began(m)

Mean duration of stay
at high altitude (months)

Smokers(%) 25 (39.7)
Mean amount smoked
(pack-years)* 5.2

Consumedalcohol 39
Mean daily quantity (ml)* 54

Past history of thrombosis 2
Family history of thrombosis 1
Mean time from onset
of symptoms to admission
at our hospital (days)

30.7 (7.7)
5000-6700

37.2 (7.1)
0-800

10.2 (5.6) o

17 (36.9) 8 (47.1)

4.2
25
51
1
1

5.6 (3.9)

7.6
14
57
1
o

4.2 (2.6)

* mean quantity consumed has been calculated only for smokers and those who
consumed alcohol
t patients less than 45 years of age with vascular thrombosis have been included in this
study for comparison as only young persons are inducted at a high altitude
Figures in parentheses are standard deviations

been in HAA for a period ranging from 1 to 19 months (mean 10.2
months). Only 25 were smokers (mean amount smoked 5.2 pack-
years) and 61.9% consumed alcohol (mean daily intake 54 ml of
rurnlwhisky). No other associated medical condition was ob-
served clinically except frostbite in 5 patients from the HAA
group.

Table III summarizes the vascular complications seen: DVT
was the commonest in the HAA group and its frequency was
significantly higher than that in the NHAA group (odds ratio 44.4;
95% CI: 15.75-134.99). This was followed by stroke. In the
NHAA group, 32 patients with stroke were seen and it was the
commonest vascular complication. Since all our patients from
HAA were 'stroke-in-young', for comparison we selected only
those patients who were less than 45 years of age (n=12). The
incidence of stroke-in-young was still much less compared to that
in the HAA group (odds ratio 13.83; 95% CI: 6.11-31.48). Eleven
out of 15 patients of stroke had a massive infarction occupying
over 50% of one hemisphere (Fig. 1). Three patients had Doppler
evidence of a large thrombus occupying the common (2) and

TABLEIII. Types of vascular complications

Vascular High altitude Non-high altitude Odds ratio
complications (95% CI

n % n % limits)

Deep vein 20 43.5 5 29.4 44.4
thrombosis (15.75-134.99)*
Pulmonary 6 13.0 5.9 65.91
thromboembolism (7.95-1453.48)*

Stroke 15 32.6 12 70.6 13.83
(6.11-31.48)*

Abdominal 8 17.4 0 0
vein thrombosis

Miscellaneous 2 4.4 0 0

* p< 0.001
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TABLEIV. Breakdown of stroke cases

Fro 1. CT scan of the head showing infarction of over 50% of one
hemisphere

internal (1) carotid arteries (Fig. 2), but none had any evidence of
carotid dissection. Pulmonary thromboembolism as a primary
diagnosis was also seen more frequently in the HAA group. We
did not encounter any patient in the NHAA group with abdominal
vein, or arterial thrombosis, making statistical calculations in-
valid in these groups. Deep vein thrombosis was an additional
finding in 5 patients with PTE.

The absolute incidence of these vascular complications cannot
be expressed without declassifying the total population at risk, for
which we presently do not have permission. However, stroke
accounted for 8.8/1000 hospital admissions from the HAA group in
our hospital, while it was only 0.6611000 in the NHAA group,
where the population at risk includes families and parents of
servicemen as well as ex-servicemen. In the HAA group, none of the
conventional risk factors for stroke were noted, though all patients
with stroke had secondary polycythaemia with haemoglobin values
between 17 gldl and 22 g/d!. These values, however, were similar
to those seen in the HAA patients who did not have thrombosis. The
types of stroke encountered are summarized in Table IV.

Thrombosis of the abdominal veins appears to be a unique
finding. We encountered 8 such patients. The commonest presen-
tation was thrombosis of the portal system (5 patients) with
involvement of the portal, splenic and superior mesenteric veins.
Two other patients had thrombosis of the portal and splenic veins

FIG2. (a) Spectral Doppler showing normal flow in the right
internal carotid artery in one case. (b) Doppler showing
thrombotic occlusion of the common carotid artery

Type of stroke High altitude (%) Non-high altitude (%)

Cerebral infarct
Middle cerebral artery territory II (73.3)
Brainstem I (6.7)
Intracerebral haemorrhage I (6.7)
Transient ischaemic attack! I (6.7)

reversible ischaemic neurological defect
Cerebral venous thrombosis I (6.7)

6 (50.0)
I (8.3)
2 (16.7)
2 (16.7)

I (8.3)

None of these patients from high altitude areas had hypenension. dyslipidaemias.
cardiac disease or vasculitides

FIG3. CT scan of the abdomen showing thrombosis of the
superior mesenteric vein (arrow) and associated bowel oedema

and 1 had isolated thrombosis of the superior mesenteric vein
(Fig. 3). All patients were young men and had stayed at HAA for
>3 months. There were no unusual events prior to the onset of
symptoms such as an alcoholic binge, trauma, prolonged immo-
bilization or loss of body fluids in the form of diarrhoea or
vomiting. The first symptom was invariably abdominal pain,
which was poorly localized. In all patients it was initially pre-
sumed to be a minor episode of indigestion that prompted self-
treatment with antacids/peppermint oil (in one case by an indig-
enous powder made up of aromatic spices). However, the pain was
constant and increased in intensity over the next 24-48 hours,
forcing all of them to seek medical help. The time between the
onset of pain (first symptom) and hospitalization at a tertiary care
centre varied between 4 and 20 days, as the evacuation time was
largely dependent on the terrain and weather. The other presenting
symptoms are summarized in Table V. The haemoglobin level at
admission varied from 10.3 g/dl to 20.6 g/dl; a lower haemoglobin
being present mainly in patients who had gastrointestinal bleed-
ing. The ascitic fluid was haemorrhagic in all these patients. Three
patients had abdominal guarding and rebound tenderness at the
time of presentation. The clinical diagnosis at first examination by
the medical officer at HAA was acute pancreatitis in 2, intestinal
perforation in 1 and abdominal tuberculosis in another. Five of 7
patients with splenic vein thrombosis had a large splenic
haematoma occupying over two-thirds of the area of an enlarged
spleen (Fig. 4). None of them gave any history of trauma.

All patients who did not have gastrointestinal bleeding were
heparinized and later placed on oral anticoagulants for6 months.
They were also denied permission to re-enter HAA. Two patients
developed ischaemic bowel perforation and underwent resection
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TABLEV. Clinical summary of 8 patients with abdominal vein
thrombosis

Clinical characteristic Mean (SD)

Age (years)
Duration of stay at high altitude at the time of
first symptom (months)
Time between first symptom and hospitalization (days)
Haemoglobin on admission (g/dl)

28.3 (4.1)
12.9 (5.1)

Pain in the abdomen as the first symptom
Gastrointestinal bleeding
Fever
Vomiting
Weight loss
Ascites
Splenomegaly
Hepatomegaly
Splenic haematoma
Anticoagulant therapy
Diagnostic test

10.1 (4.7)
15.3 (3.2)

n (0/0)
8 (100)
5 (62.5)
7 (87.5)
6 (75)
5 (62.5)
7 (87.5)
7 (87.5)
6 (75)
5 (62.5)
7 (87.5)

Ultrasound 4
CTscan 4

Splenectomy 5
Gut resection 2

16 (range 12-20) days

Surgery

First ultrasound evidence of collaterals

None of them had history of trauma, dehydration or prolonged immobilization

FIG4. Haematoma in the spleen. Almost the entire spleen is
replaced by the haematoma

of the affected portion of the gut. All patients with a splenic
haematoma required splenectomy. Upper gastrointestinal endo-
scopy and Doppler examination showed evidence of collaterals as
early as 10-22 days after the onset of pain. Three of these patients
were tested and found negative for antiphospholipid antibodies,
proteins C and S, and antithrombin-III abnormalities.

DISCUSSION
Our observations suggest a high incidence of vascular thrombosis
in men stationed at HAA for extended periods of time. The
hospital data reveal that the overall incidence was significantly
higher in patients coming from these areas, in comparison to those
from NHAA (odds ratio: 30.5; 95% CI: 17.06-51.67; p<O.OOI).
Ascent to high altitude in the unacclimatized is known to cause
disorders of coagulation.' Deep vein thrombosis in the calf, PTE
and hemiplegia after a short term stay at high altitude have been
reported earlier." This paper also noted thrombotic events in
young men between 23 and 41 years of age. With one exception
(which took place at approximately 4270 m), all the vascular
incidents took place at greater heights (between 5790 m and 7930
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m). It was suggested that at such extreme altitudes, pronounced
dehydration due to increased respiration might predispose to
thrombosis. Enforced inactivity in tents on storm-bound
mountainsides was also suggested as an important factor. 10

Our soldiers going to HAA are repeatedly educated about the
importance of adequate hydration and exercise; however, the
occurrence of such circumstances during war games at high
altitude cannot be totally ruled out. Although it was denied by all
the patients, dehydration may have been a factor, as appetite and
thirst are reduced at these altitudes, water loss is increased due to
high condensation levels related to extremely low temperatures
and humidity; and the availability of water is dependent on the use
of warming facilities limited by the tactical situation. The tactical
situation may also force immobilization on occasions. Most of the
vascular events noted in our patients occurred at heights greater
than 5000 m. It is possible that the extreme cold weather in which
these men were may also have a role to play; from the available
data it is not possible to infer the importance of the cold weather
vis-a-vis the altitude. However, there are no reports of similar
vascular thrombosis among men staying in extreme cold situa-
tions such as the Antarctica for over one year.

Hypercoagulability of high altitude has been the focus of
research for a long time.v'Earlier studies had shown that platelet
counts fall on ascent to a high altitude. 11 Animal studies have
shown that acute exposure to high altitude brings about an
undeniable hypercoagulability. 12 Most of the early information on
human beings was based on a study in Indian soldiers by Singh
and Chohan." They noted a significant increase of plasma fibrino-
gen levels and fibrinolytic activity on induction to HAA. Both
these factors were thought to be induced by hypoxic stress. In fact,
Singh described that in some Indian soldiers with altitude-
induced pulmonary hypertension, the pathological process was a
thrombotic, occlusive disease of the pulmonary vasculature."
More recent reports have suggested a phasic change in coagulabil-
ity of subjects during ascent to high altitudes, with an initial
prothrombotic phase compounded by increased capillary fragility
and bleeding time." Another study describes changes in the
coagulation factors suggesting an activation of the coagulation
cascade. There was a concomitant change indicating an associ-
ated endothelial cell damage. IS A recent study showed significant
and sustained elevation in platelet numbers within 48 hours of
ascent to high altitude. It was not related to any increase in
thrombopoietin levels though an aetiological role of raised eryth-
ropoietin levels was not ruled out. 16

Apart from the high incidence, several other observations
regarding these vascular events are intriguing. For example, most
of the vascular events occurred in veins with the exception of
stroke, where arterial events were much more common. This could
be related to the fact that the cerebral veins are well drained by
gravity whereas drainage in all other veins is against gravity,
making the flow more tardy. It is not certain whether the thrombus
in our stroke cases originated in the cerebral arteries or the strokes
were embolic in nature. In at least 3 patients, a large carotid
thrombus was demonstrated. In our experience, massive infarcts
were a rule, but interestingly, none of our patients had multiple
infarcts. Like us, al Tahan et at. 17 also found a higher percentage
of thrombotic strokes at HAA in comparison with haemorrhagic
strokes. Hyperviscosity due to secondary polycythaemia is a likely
risk factor, and was seen in all our patients. While polycythaemia
and hyperviscosity are known independent haematological risk
factors, 18.19 the Indian Council of Medical Research stroke study
has reported low normal haemoglobin levels to be an important
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risk factor in both young and elderly subjects in India." The
precise role of a high haematocrit value remains a matter of debate
as its thrombotic potential has only been reported in the context of
myeloproliferative disorders." Atherosclerosis, the chief cause of
cerebral ischaemia, is seen much less commonly in young patients
with stroke." Apart from dyslipidaemias, other risk factors re-
ported include cardiac diseases and vasculitides." None of our
patients from HAA had any of these risk factors or any pre-existing
heart disease. They undergo a special medical examination by a
trained doctor before induction to high altitude. Alcohol and
hypertension have a synergistic effect, but a history of excessive
consumption of alcohol prior to stroke was present in only one of
our patients.

Extensive thrombosis of almost the whole portal system was
another interesting presentation and our first such patient has been
reported previously." Such a presentation was not noted in any
patient from the plains at our hospital. The finding of a massive
splenic haematoma is also unusual and has not been documented
earlier. The spleen has acquired special significance recently, with
reports of its emerging role in polycythaemic response to high
altitude." The very early appearance of portosystemic collaterals
is another interesting finding because the literature suggests that
cavemomatous varices at the porta have been noted to develop
after 5 to 12 weeks." Singh and Chohan':" record that troops with
high altitude pulmonary hypertension may develop thrombosis in
the peripheral and splenic veins and in the coronary, cerebral and
mesenteric arteries usually when the subject has been at high
altitude for several weeks or months. However, none of our
patients with thrombosis of the portal system had features of
pulmonary hypertension. These patients had none of the usual
precipitating factors associated with venous thrombosis such as
trauma, prolonged immobilization or dehydration. Moreover, no
thrombosis was noted in the leg veins of these patients. Extensive
investigations to rule out most inherited procoagulant conditions
have yielded negative results so far. In all our patients, thrombosis
of the portal system occurred when the individuals were deployed
at extreme altitudes (over 5000 m) and this should be considered
a risk factor. The use of prophy lactic aspirin has not been approved
so far, as mucosal gastrointestinal bleeding is also a common
complication of extended stay at such altitudes (unpublished
observations). A prospective study is already under way to deter-
mine the exact significance of various epidemiological factors,
packed cell volume and other procoagulant conditions including
Factor V Leiden in causing these complications at high and
extreme altitude.

In conclusion, long term stay at high altitude is associated with
a 30 times higher risk of spontaneous vascular thrombosis. It may
present as deep vein thrombosis, pulmonary thromboembolism,
multiple abdominal vein thrombosis and even thrombotic stroke.
While veins are the common sites of such thrombotic events, most

strokes are related to arterial thrombosis.
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