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ABSTRACT
Objective: To determine the effect of high altitude on frequency and risk factors of venous thrombosis in
individuals ascending to high altitude
Study Design: Cross-sectional analytical study.
Place and Duration of Study: Armed Forces Bone Marrow Transplant Centre, Combined Military Hospital
Skardu, from Apr 2015 to Aug 2018.
Methodology: High Altitude was taken as height equal to or more than 8000 feet. Polycythemia as hemoglobin
>16.5 g/dl OR hematocrit >49%. Medical records of all patients evacuated from high altitude through Combined
Military Hospital Skardu were analyzed retrospectively. A proforma was designed to include necessary variables.
Results: We evaluated medical records of 539 individuals and found frequency of 86 (15.9%) for venous thromboembolism (VTE) at high altitude. Cerebral venous sinus thrombosis (CVST) was most common thrombotic
complication seen in 39 patients (46%). Majority of thrombotic episodes occurred at >18000 feet (likelihood ratio
(LR) 5.99, p-value 0.009). Majority of thrombotic episodes 34 (39%) occurred within first 45 days of ascent to high
altitude. Thrombosis was linked to smoking 47 (55%) (likelihood ratio 21.3 and p-value <0.001) and use of melted
snow as a source of drinking water 56 (65%) (likelihood ratio 57.6 and p-value <0.001).
Conclusion: This study showed a very high frequency of thrombotic complications at high altitude. There is
a need for a robust prospective study covering epidemiology, clinical information and diagnostics in order to
develop appropriate standard operating procedures and guidelines for prevention of thrombosis at HA
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INTRODUCTION

deployed at high altitude5.

Gilgit-Baltistan has unique distinction of
having some of the highest peaks of the world1.
Individuals at high altitude in this region face not
only the dangers of the extreme adverse environment but also the threat of serious high altitude
(HA) illnesses2

Pathophysiology of thrombosis at HA appears to be complex. An interplay between several
factors including hypo-baric hypoxia, dehydration, hemoconcentration and low temperature,
all appear to contribute to increased risk of thrombosis. This study was carried out to find out
frequency and attempt to identify risk factors for
thrombosis in individuals at HA.

HA induced venous thromboembolism
(VTE) is a serious complication that is not well
understood and studied3. All three factors of
Virchow’s triad i.e. venous stasis, hypercoagulability, and vessel-wall injury, appear to be present
at HA and are hypothesized to contribute in
pathogenesis of this serious and potentially fatal
complication4. Studies have documented a 30
fold increased risk of thrombosis in individuals

METHODOLOGY
This cross sectional analytical study was
carried out at department of Hematology, Armed
Forces Bone Marrow Transplant Centre and
department of Medicine, Combined Military
Hospital Skardu. As previously documented studies, annual incidence of deep vein thrombosis
at high altitude was much higher (0.7/1000) than
in lowland (0.028/1000)11. Minimum Sample size
was calculated with WHO sample size calculator
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using confidence level of 95%, margin of error
5%. All patients referred from HA with suspected
thromboembolism were included in the study.
Inividuals with past history of polycythemia,
cardiovascular and pulmonary disorders and
history of other chronic disorders were excluded
from the study. Data was collected from 539
individuals by consecutive sampling. The study
was approved by the Institutes’ ethics committee
for research (IRB AFBMTC) 03/18, and was in
accordance with the ethical standards of Helsinki
Declaration of 1975, as revised in 2000.

validated to collect base line information about
control population consisting of age and altitude.
All data were analyzed using SPSS version
23. Mean ± SD was used for quantitative data.
Chi-square and student t-test were used and
likelihood ratio was derived from category tables.
A p-value of ≤0.05 was taken to be statistically
significant.
RESULTS
Medical records of 539 patients evacuated
from HA from January 2017 to July 2019 were
analyzed. A total of 86 patients (15.9%) with thrombotic complications were identified. Frequency
of thrombotic complications was 86 (15.9%). All
were male with mean age of 27 ± 6.23 years. Altitude of deployment at time of thrombotic episode
ranged from 8000 to 21300 feet above sea levels
with a median altitude of 18400 feet. Duration of
stay at HA ranged from 3 to180 days with mean
of 52 ± 21.2 days. Mean hemoglobin level was
17.1 ± 1.8 g/dl. A total of 62 (72%) patients had
a serious VTE (sVTE)- 39 patients CVST and 23
patients pulmonary embolism (PE) while 24
patients had deep vein thrombosis (DVT) alone
(fig-1).

High Altitude was taken as ≥8000 feet, very
high altitude >13000-18000 feet and extremely
high altitude >18000 feet above sea level respectively. Polycythemia was taken as hemoglobin
>16.5 g/dl or hematocrit >49%, whichever was
higher6. Diagnosis of thrombosis was based on
the following:
Deep vein thrombosis (DVT): raised Ddimers with positive duplex ultrasound, venography.
Pulmonary thromboembolism (PTE): raised
D-dimers, positive CT-pulmonary angiography
and /or ventilation perfusion mismatch testing.
Cerebralvenous sinus thrombosis (CVST):
Positive CT-venography and / or Magnetic
resonance venography.
Portal/hepatic vein thrombosis: raised Ddimers, positive Doppler ultrasound abdomen,
CT venography.
Medical record of all patients evacuated with
venous thromboembolism from high altitude
through CMH Skardu were identified. A proforma was designed and validated to record necessary variables including age, altitude of deployment above sea level, duration of stay at that
altitude, smoking history, water source, clinical
signs and symptoms necessitating evacuation,
hemoglobin / hematocrit along with investigations to confirm diagnosis. Cases with incomplete
medical information were excluded.

Figure-1: Frequency of thrombotic complications:
CVST (cerebral venous sinus thrombosis), DVT (deep
vein thrombosis), PE (pulmonary embolism), PVT
(portal vein thrombosis), JVT (jugular vein thrombosis), RVT (renal vein thrombosis).

Majority of sVTE events occurred at extremely HA (>18000 feet), (likelihood ratio 5.99, p=
0.009) (fig-2) and within the first 45 days of ascent

A similar proforma was designed and
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to HA. Frequency of sVTE decreased with increasing duration of stay. On the other hand, freq-

Figure-2: Relation of Altitude with thrombotic
complications.

uency of DVT increased gradually with increasing duration of stay at HA, difference was statistically significant with p=0.01 (table). Thrombotic
episodes were more common among smokers
47 (55%) (Likelihood ratio 21.3, p<0.001) and in
patients using melted snow as a source of drinking water 56 (65%) (likelihood ratio 57.6 and pvalue <0.001).
Table: Duration of stay and risk of venous thromboembolism: SVTE occurred early during stay at
HA while frequency of DVT increased with increasing duration of stay (p=0.01).
Number of
CVST
PE
DVT
Days
n (%)
n (%)
n (%)
<45 days
19 (23.1)
12 (14.6)
3 (3.6)
45-90 days
11 (12.7)
5 (6.5)
8 (10)
>90 days
8 (9.7)
4 (5.5)
12 (14.5)
Column Totals
59
23

induced thrombosis but only limited data has
documented these differences7-9. The above findings appear to point towards important differences in pathophysiology of sVTE and DVT. While
DVT may be contributed by prolonged inactivity
imposed by the weather and other environmental
conditions, the factors underlying a predilection
for sVTE at extremely HA remain elusive10. So
far, the exact pathophysiological basis of HA
induced thrombosis as a whole are poorly understood. Hypoxia and coagulation factor abnormalities leading to polycythemia and a hypercoagulable state have been long recognized11. Exposure
to HA, especially in absence of acclimatization
has been associated with an initial rise in platelet
count, factor X, impaired clot retraction, shortening of prothrombin time and platelet dysfunction resulting in a prothrombotic state. Others
have shown that increased D-dimer levels and
activated protein-C resistance at high altitude
contribute to hyper coagulability. After few days
to few weeks, as the body acclimatizes to prolonged hypoxia, there is raised hemoglobin and
hematocrit and clotting factor levels begin to
normalize. Prolonged stay of more than 5 months
results in thrombocytosis, increased platelet adhesiveness, increased factor VIII levels ultimately
resulting in increased risk of venous thromboembolism (VTE), the risk continues as long as
patient remains on the same height12.

This study has three main findings. There
was a very high frequency of thrombotic events
at HA. sVTEs occurred mainly at extremely HA
and occurred most frequently during early period
after ascent to extremely HA; frequency appeared
to decline with increasing duration of stay at
HA. Incidence of DVT increased with increasing
duration of stay at HA but was unaffected by increasing altitude.

Approximately 12500 individuals were present at high altitude at any given time. Based on
this figure annual incidence of thrombosis was
2/1000 compared to a reported incidence 1/1000
in the normal population5. These patients represented a selected cohort who were younger, fitter
(with high activity level) and had lower incidence
of VTE than the general population. A study from
India demonstrated that those at HA were at 24.5
times increased risk of VTE than those serving in
plains12. This study represented similar group of
patients exposed to HA as in this study but frequency of Cerebral venous thrombosis was not
mentioned in the study.

A large number of case reports and small
studies has been done on the subject of HA

Cerebral venous sinus thrombosis is an
unusual manifestation with incidence of 3-4 cases

DISCUSSION
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per million in general population13,14. It remains
a challenging diagnosis due to variety of clinical
presentations and diagnosis is often delayed.
However, CVST is frequently reported as a complication of HA exposure15. In this study frequency
of CVST was 0.9-1/1000/year or 900-1000/million/year, approximately 66 fold higher than the
general population. This increased propensity has
been attributed to different factors at HA including dehydration, vomiting, polycythemia and
hypercogulability16. However all these factors
can lead to thrombosis elsewhere as well and it
rem.ains unclear why there was predilection for
CVST17,18. More studies involving emphasis on
pathophysiological mechanisms is needed in this
regard.

associated thrombosis has not been documented
earlier. Also, it is a modifiable risk factor.
The limitations of our study include small
sample size, retrospective nature of analysis and
lack of investigations to rule out heritable thrombophilia. Due to relatively small sample size, few
risk factors may have been missed. As thrombophilia testing was not done, few patients may be
having inherited thrombophilia with thrombosis
provoked due to exposure to HA. The control
group was not exactly matched in terms of the
time frame in which data were collected.
CONCLUSION
This study documented a significantly higher likelihood of developing thrombosis at HA
and points towards important differences in
frequency and possibly pathophysiology of HA
associated VTE at different sites. There is a need
for robust prospective studies to further elucidate
underlying mechanisms and allow formulation of
preventive measures.

Altitude had direct bearing on incidence of
sVTE with majority (63%) of events occurring at
more than 18000 feet. Smallman et al compared
incidence of thromboembolic events in U.S. Air
Force Academy (USAFA) located at a 7250 feet
with the U.S. Naval Academy (USNA) and U.S.
Military Academy (USMA), both situated at
sea level. Incidence of thromboembolic episodes
were signiﬁcantly greater for USAFA cadets indicating that even moderate altitude presents a risk
factor for thromboembolic disease19. Exposure to
HA also result in significant increase in hemoglobin levels, hematocrit, red blood cell count
with consequent increase in blood viscosity and
increased risk of thrombosis. Half of our patients
had hemoglobin in the polycythemic range. However, hemoglobin and hematocrit of control population was not available and this would have
been useful to establish any significant correlation.
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