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Abstract

In the past decade, numerous publications on the association between venous
thrombosis (VT) and travel have been published. Relative and absolute risks

of VT after travel, and particularly after travel by air, have been studied in case-
control and observational follow-up studies, whereas the effect of prophylaxis has
been studied through intervention trials of asymptomatic clots. The mechanism
responsible for the association between travel and VT was addressed in
pathophysiologic studies. Here, we systematically reviewed the epidemiologic and
pathophysiologic studies about the association between travel and VT.

We conclude that long distance travel increases the risk of VT
approximately 2-4 fold. The absolute risk of a symptomatic event within 4 weeks of
flights longer than 4 hours is 1/4600 flights. The risk of severe pulmonary embolism
occurring immediately after air travel increases with duration of travel, up to 4.8 per
million in flights longer than 12 hours. The mechanism responsible for the increased
risk of VT after (air) travel has insufficiently been studied to draw solid conclusions,
but one controlled study showed evidence for an additional mechanism to
immobilization that could lead to coagulation activation after air travel.
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Introduction

Venous thrombosis is a serious disease that affects approximately 2-3 per 1000
persons per year (1;2). Both genetic and environmental factors are known to
increase the risk of venous thrombosis and these are mainly associated with
procoagulant changes of the blood or immobilization. Prevalent genetic risk
factors for venous thrombosis are the factor V Leiden mutation (3) and the
prothrombin G20210A mutation (4), each present in several percent of the
population. Environmental factors that increase the risk of venous thrombosis
include oral contraceptive use, pregnancy, recent surgery, major trauma,
immobilization and malignant diseases (5). In the last decade, it has become clear
that long distance travel increases the risk of venous thrombosis as well.

The first four cases of venous thrombosis associated with air travel were
described in 1951 (6). Since then, many case-reports and case-series have been
published on venous thrombosis associated with not only air travel, but also
travel by train, bus or car and even tractor driving (7). The term economy class
syndrome was coined in 1977 (8) and the first controlled study was published in
1986. Sarvesvaran and colleagues studied causes of death occurring at a large
international airport and concluded that pulmonary embolism occurred more often
in the arrival hall than in the departure hall (9). More controlled studies were not
conducted until a young woman died of pulmonary embolism at Heathrow airport
in 2000. Since then, numerous reports have published results of case-control,
follow-up and intervention studies on the association between air travel and
venous thrombosis. Furthermore, several studies have looked into the mechanism
responsible for venous thrombosis after air travel. A number of investigators have
studied the effect of prolonged immobilization with or without the combination with
flight-related factors, such as hypobaric hypoxia or dehydration.

The objective of this systematic review is to quantify the risk of venous
thrombosis after long distance travel, when possible to assess the effect of various
prophylactic measures on this risk and to summarize the available literature
about potential mechanisms of the association between air travel and venous
thrombosis.

Methods

A systematic literature search was performed to identify all studies that included
data on long distance travel and venous thrombosis. Studies that included
epidemiological data on absolute and relative risks of venous thrombosis
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after any kind of travel, randomized controlled trials that assessed the effect
of prophylactic measures and publications that described pathophysiological
studies were included.

Search strategy

Publications were identified through an extensive search, using PubMed, Embase,
Web of Science and the Cochrane Central Register of Controlled Trials. We did

not apply a language restriction and searched all databases until January 1%t 2007.
Two reviewers independently screened the titles of all retrieved records for obvious
exclusions. The same two reviewers read all remaining abstracts to identify eligible
studies. Differences were solved by discussion.

Exposures of interest and outcomes

The main exposure of interest was travel, irrespective of mode of transportation
and duration of travel. Studies that assessed the effect of prolonged
immobilization and hypobaric hypoxia were evaluated as well. The main outcome
of interest was symptomatic deep vein thrombosis and pulmonary embolism,
diagnosed by objective methods (ultrasound, venography, ventilation-perfusion
scanning, spiral ct-scanning, angiography or at autopsy). We also considered
asymptomatic venous thrombosis (diagnosed by objective methods), although
of unclear clinical significance, and the effect of prophylactic interventions. The
effect of any of the exposures of interest on coagulation parameters was the main
outcome in the pathophysiological studies.

Quality assessment
All studies were judged on both internal and external validity by 2 reviewers
independently, according to guidelines of the Cochrane Collaboration Handbook
(10). Disagreement was solved by discussion and when no consensus could be
reached a third reviewer was consulted.

We considered case-control studies to have a low risk of bias (i.e. to have
a good internal validity) when selection-bias of cases and controls was unlikely
(when they came from the same population and travel frequency did not influence
the likelihood of inclusion in the study), when travel frequency was assessed in the
same way in cases and controls, when recall bias was minimized, when venous
thrombosis was diagnosed by objective means and when cases were consecutive,
unselected patients with a first thrombotic event.

Follow-up studies that assessed the risk of venous thrombosis in groups
of travellers were considered to have a low risk of bias when loss to follow-up was
less than 10%, when details of the exposure of interest were mentioned (mode
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of transportation, duration of travel, number of flights) and when the outcome
of interest was assessed in the same way in all study participants. Symptomatic
venous thrombosis had to be diagnosed by objective methods as described above.
Intervention studies were included when they assessed the effect of
prophylactic measures on the risk of venous thrombosis (both symptomatic
and asymptomatic). They were considered to have a low risk of bias when
randomization procedure and allocation concealment were adequate, when
outcome assessors were blinded for the exposure status of the participants
and when loss to follow-up was described and less than 10%. Ideally, study
participants were blinded as well.
We included pathophysiological publications when they contained original
data on studies on the effect of either travel, or one of its specific factors (such
as immobilization or hypobaric hypoxia), on thrombin generation or fibrinolysis in
humans. Ideally, pathophysiological studies assessed the effect of an exposure of
interest as compared to a control situation that would be exactly the same as the
exposure situation except for the exposure itself. This would rule out other effects,
such as circadian rhythm.

Data extraction:
For epidemiological studies, we used standardized forms for extraction of
the following data:

- Case-control studies: source population of cases and controls, number of
cases and controls, methods of diagnosis, disease characteristics (types
of thrombotic events that were included), general characteristics of cases
and controls (age, sex, prevalence of risk factors for venous thrombosis),
frequency of travel in both study groups and when possible mode of
transportation, duration of travel and time interval between travel and
event or index date.

- Follow-up studies: method of selection and inclusion of the study
participants, numbers of participants (when applicable per subgroup),
presence of a non-travelling control population, general characteristics
(age, sex, prevalence of other risk factors for venous thrombosis),
outcome assessment, frequency of all relevant outcomes (symptomatic
venous thrombosis and asymptomatic thrombi), numbers lost to follow-up.

- Prophylactic intervention studies: method of recruitment of participants,
details of the treatment (type of stockings, dosage and frequency of any
pharmacological treatment), use of placebo, method of randomization,
concealment of allocation, method of outcome assessment, frequency
of all relevant outcomes per treatment group, occurrence of adverse
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outcomes per treatment group (such as hemorrhagic complications when
antithrombotics were studied), numbers lost to follow-up.

- Pathophysiological studies: general characteristics, presence of a
control population, intervention (immobilization, hypobaric hypoxia or
travel), outcomes, assessment of outcome of interest (methods and
timing), main results.

Statistical analysis

All reported odds ratios from case-control studies were extracted. When possible,
we pooled odds ratios to estimate relative risks for both air travel and travel by
other modes of transportation. Pooling was performed using the inverse-variance-
weighted average of the log odds ratios from the individual studies.

From follow-up studies, we calculated the absolute risk of symptomatic
venous thrombosis per flight. We also calculated the risk of asymptomatic thrombi
per flight. When possible, we calculated incidence rates of venous thrombosis
within a few weeks after a long haul flight. When data on different modes of
transportation and duration of travel were available, we calculated risks per
flight and incidence rates for each mode of transportation and duration of travel
separately. We did not attempt to pool the data from follow-up studies, because of
anticipated differences in study design and participants.

From prophylactic intervention studies, we calculated absolute risks of
thrombotic events per flight per intervention group. Furthermore, relative risks
of the treated groups versus the control groups were calculated and, when
possible, data were pooled. To assess heterogeneity, we calculated the [>-statistic.
This describes the percentage of the variability in effect estimates that is due to
heterogeneity rather than chance. We considered heterogeneity present when I2
was greater than 50%.

Due to the diversity of the study designs, no attempt to pool data for
pathophysiological studies was made.

Results

At the first search we found a total of 4154 titles. Based on the title, 3626 papers
were excluded. We screened the abstracts of 528 publications, after which 10
publications with case-control data, 20 papers describing observational follow-up
studies, 11 reports on intervention studies, 113 with case-reports or small case-
series and 14 describing studies on the possible mechanism causing venous
thrombosis after long distance travel were identified (Figure 1). The remaining
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publications were comments, reviews, letters or editorials or did not concern
venous thrombosis and long distance travel.

Figure 1. Results of the literature search

§mNo original data or not relevant* : “ Case-reports or case-series
1 362 1B 113
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E Case-control P Observational follow-up i Intervention studies : i  Pathophysiological Studies
20 14

*  These publications were editorials, reviews or comments or did not concern travel-related thrombosis.

Case-control studies - estimate of relative risks

We identified ten publications in which travel frequency of cases with symptomatic
venous thrombosis was compared to a control population without venous
thrombosis (Table 1) (11-20). One publication was excluded because the data
were also used in a subsequent more extensive publication (16). There were 4
studies with an increased potential of bias. In one study, cases were self-reported,
without verification of the diagnosis and both cases and controls were selected
frequent travellers (13). In 3 studies, individuals with suspected venous thrombosis
in whom the diagnosis was ruled out were used as control persons (11;15;20),
which may have caused overrepresentation of travel exposure in the controls

and thus underestimation of the effect of travel. In these studies with a potential

of bias, the odds ratios for any travel ranged from 0.5 to 1.3, whereas in the

other studies, the odds ratios ranged from 1.8 to 4.0 (12;14;17-19). The pooled
odds ratio of all studies together was 1.7 (CI95 1.4-2.1). After exclusion of the 4
studies with a high potential bias, this increased to 2.3 (CI95 1.8-2.9). Six studies
contained data on air travel only or separately for air travel and other modes of
travel (11;12;15;17;18;20). The pooled odds ratio for air travel of any duration of all
studies was 1.4 (CI95 0.9-2.0). After exclusion of three studies with a potential bias
(11;15;20), the pooled odds ratio of the remaining studies (12;17;18) was 1.9 (CI95
1.2-2.8). Three publications showed data on long distance air travel (17;18;20),
defined as flights longer than 8 hours, with odds ratios ranging from 1.3 to 7.9

and a pooled odds ratio of 1.9 (1.1-3.6). After exclusion of one study with a high
potential bias (20), this pooled odds ratio increased to 3.9 (CI95 1.4-10.7).
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Observational follow-up studies — estimates of absolute risks

Twenty publications reported data on observational follow-up studies (13;18;21-
38). Two publications (22;34) contained data that were also used in another
publication (27;33). From three studies, no absolute risks could be calculated,
because either the number of events or the number of flights was not provided
(13;28;36). Of one paper (24), no full text version could be retrieved. The
remaining 14 publications are listed in Table 2.

Six publications concerned studies in which passengers were
systematically screened for the presence of asymptomatic venous thrombosis
after a long haul flight (21;23;27;29;37;38). In one study, the methods were
inadequately described (23) and in another, the follow-up was incomplete (29).
The risk of mainly asymptomatic thrombosis in air travellers as found by screening
ranged from 0% (no events in 160 passengers) to 1.5% (11 events in 744
passengers). Only two studies included a non-travelling control population (37;38).
In the first study, none of the 160 control persons developed a thrombus and in
the second study, 2 out of 1213 (0.2%) non-travelling participants developed deep
vein thrombosis.

The absolute risk of symptomatic venous thrombosis was assessed
in a study of approximately 9000 employees of international companies and
organizations (32). A total of 22 events occurred within 8 weeks of flights longer
than 8 hours, yielding an absolute risk of symptomatic venous thrombosis of 215
per million travellers (CI95 133-316 per million) after flights longer than 4 hours.
This was equivalent to a risk of 1/4600 flights. The risk increased with travel
duration, up to 793 (CI95 198-1784) per million travellers after flights longer than
16 hours. The results of this study may not be generalisable to all travellers, since
the study was conducted in a healthy, working population.

One retrospective follow-up study (25) assessed the frequency of deep
vein thrombosis in high risk surgical patients that had to travel long distances
prior to their operation and found a risk of 4.9% (CI95 2.1-7.8) within 2 weeks of
the operation, as compared to 0.2% (CI95 0.1-0.2%) in patients undergoing the
same types of high-risk surgery without prior air travel. In this study, the use of
prophylaxis for thrombosis was unclear and travelling and non-travelling study
participants came from different source populations, because the non-travellers
were all US citizens, whereas all travellers were non-US citizens visiting the
country for the surgical procedure.
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Three studies assessed the risk of pulmonary embolism, requiring medical care
immediately after long distance air travel (26-28;33;35;38). Two studies found a
dose-response relationship between the frequency of pulmonary embolism and
duration of travel (33;35). In one study, the risk ranged from no events in 74.2
million flights shorter than 3 hours to 13 in 2.7 million flights (4.8 per million, CI95
2.2-7.4 per million) in flights longer than 12 hours (33). In a similar Spanish study,
no PE was seen after 28.0 million flights shorter than 6 hours and in 9.1 million
flights longer than 8 hours, 15 cases of severe pulmonary embolism occurred
(absolute risk 1.7 per million, CI95 0.8-2.5) (35). In another study using a similar
design, the risk of PE immediately after a flight longer than 9 hours was 2.6 per
million (CI95 1.4-3.8 per million) (26). In all three studies, the time window in which
a traveller could become a case was extremely small, since only persons that
developed severe symptoms immediately after arrival were included.

One study assessed the risk of hospital admission for pulmonary
embolism within 2 weeks of international flights to Australia, which was found to
be 9.6 per million (CI95 7.0-12.6 per million) for 4.9 million passengers who were
residents of Australia and 43.5 per million (CI95 37.5-49.8 per million) for 4.6
million passengers who were visiting Australia (30). In this study, travellers who
died before reaching the hospital or patients who were treated ambulatory were
not included, which may partly explain the difference between residents and non-
residents of Australia.

The risk of fatal pulmonary embolism after air travel was assessed in 2
studies (18;31). One study found no fatal PE’s in 1.1 million passengers arriving
after international flights to Charlotte-Douglas airport, Charlotte, NC in the US,
whereas another study found 11 cases of fatal PE within 4 weeks of 19.3 million
flights longer than 3 hours, yielding an absolute risk of 0.6 per million passengers
(C195 0.2-0.9 per million). In both studies, patients who were not sent to the study
hospital were missed.

Randomized controlled trials — estimate of the effect of interventions

A total of 11 randomized trials were conducted to assess the effect of various
prophylactic measures on the risk of venous thrombosis after air travel (23;39-

48). The main results of these trials are shown in Table 3. All studies had a similar
design: a number of air travellers, varying from 148 to 833, making long haul

flights (>7 hours) were randomized to either a control group or an intervention
group that received elastic compression stockings, aspirin, heparin, venoruton
(hydroxyethylrutosides), pychogenol (pine tree extract containing procyanidins,
bioflavonoids and organic acids) or FLITE tabs (containing pycnogenol and
nattokinase, a soy bean extract). All passengers were routinely screened for venous
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thrombosis by ultrasound after their flight (within a maximum of 48 hours). All

but one of these studies were conducted by the same research group. In these
publications, the methods of the study were inadequately described or even
contradictory. Most striking was that in- and exclusion criteria were frequently
overlapping. Furthermore, the method of recruitment of participants and whether
study participants and outcome-assessors were blinded for the treatment group
was unclear. The majority of the thrombotic events in all trials were asymptomatic,
which may partly explain the high prevalence in the control population. The number
of symptomatic events was not clearly described, but is likely to be much lower.
These drawbacks, as well as a report from the Medical research Counsil’s Fitness
to Practice Panel (49), judging it proved that these papers named co-authors who
had not approved the papers, hamper the credibility of these trials. We therefore
will not discuss the results of these trials in this systematic review. In the only
remaining trial (48), the effect of elastic compression stockings was assessed in

231 airline passengers travelling at least 8 hours. None of the 100 passengers who
were randomized to the elastic compression stockings group developed venous
thrombosis, whereas 12 of the 100 control passengers did, yielding a relative risk
of 0.04 (CI95 0-0.6). However, 4 passengers wearing elastic compression stockings
developed superficial thrombophlebitis, whereas none of the control passengers did.

Mechanism of travel related thrombosis

There are several explanations for the increased risk of venous thrombosis after air
travel. Apart from immobilization, flight specific factors, such as hypobaric hypoxia
may affect the coagulation system. Various investigators have examined the effect
of air travel, or one of its specific aspects (e.g. immobilization and hypobaric
hypoxia) on thrombin generation and fibrinolysis.

The studies differed much in participant characteristics, duration of
exposure, type of exposure and statistical analyses. Most studies determined
changes in various parameters before and after specific exposures in volunteers.
Table 4 summarizes the relevant aspects of the studies and the direction of the
changes in the most commonly used coagulations parameters during thedifferent
exposures.
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Parameters of thrombin generation and fibrinolysis
Thrombin generation and fibrinolysis are regulated by its activators and inhibitors
(Figures 1 and 2). The amount of thrombin generated is often assessed by levels
of activation peptide prothrombin fragment 1+2 (F1+2), and its inhibitor complex
thrombin-antithrombin (TAT). Activation of the fibrinolytic system is reflected by
increased levels of D-dimers (fibrin degradation products), which by definition also
points to thrombin generation and hence may be its simple consequence (50).
Increased levels of activated coagulation factors (such as FVlla and FVilla)
are also known to increase thrombin generation (50;51).

L

IXa + Vllla #----- Activated protein C + Protein S

ANV

TF VIIa —_—— Xa+Va—*Tromb|n lla) =" Fibrin
/’ F1+2 : TAT

N s

Figure 2. Thrombin generation*

. i
.

Tissue factor pathway inhibitor

Antithrombin

* Dashed lines reflect inhibition, solid lines reflect activation, and substances in italic are products of the process.

Figure 3. Fibrinolysis*

Urokinase type plasminogen activator
Tissue type plasminogen activator

_ .- Plasminogen activator inhibitor

Plasminogen Plasmin

_ .- Thrombin-activatable
_.--7fibrinolysis inhibitor
V' Alfa 2 antiplasmin

Fibrin —————— Fibrin degradation products
(e.g. D-dimer)

*  Dashed lines reflect inhibition, solid lines reflect activation.
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Immobilization

The most obvious explanation for air travel related thrombosis is immobilization.
Passengers are restricted to limited space, resulting in a cramped position during
long haul flights and are even more immobilized when they are asleep.

Several studies investigated the effect of prolonged immobilization on
thrombin generation, but conflicting results were shown (52-65) (Table 4). Stricker
et al. found a decrease in markers of thrombin generation during 6-hours of
immobilization in 40 volunteers, whereas they found no change in 18 participants
during the ambulant situation (61). In a subsequent study with a similar design,
the investigators found similar results in 20 volunteers and also found evidence for
down-regulation of the protein C system, one of the inhibitors of the coagulation
system (62). Others found evidence for thrombin activation during a 10-hour bus
journey in a group of 19 healthy volunteers (58). In a similar study, but with 23
elderly with varicose veins, TAT increased after a 16-hour bus trip (especially in
two high responders), indicating thrombin generation. However, F1+2 remained
unchanged after the bus trip and FVlla decreased (64). The same study group
found no difference in a comparable study in markers of thrombin generation
between 31 bus travellers and a non travelling control group (n=9). More recently,
Ansari et al. found no change in markers of thrombin generation in 10 healthy
volunteers after 8 hours of prolonged sitting, although F1+2 levels showed a
tendency to decrease (52). In an artificial model of immobilization, with 30 min of
blood stasis provoked by a pressure cuff around the thigh, F1+2 decreased (66).

The effect of immobilization on the fibrinolytic system was also contradictory
(Table 4). In some studies, markers of fibrin generation and fibrinolysis remained
unchanged (61;62;64;66). Others found a decrease in levels of tPA (an activator
of the fibrinolytic system) and PAI (an inhibitor of the fibrinolytic system). D-dimers
remained unchanged in this study, with the exception of two subjects in whom
D-dimers increased (>0,5 mg/l) (58). In a more recent study, PAl decreased after 8
hours of immobilization, whereas D-dimer and tPA levels did not clearly differ from
baseline, although both parameters had a tendency to decrease (52).

In the majority of the studies, no control population was used to assess
whether any observed effect was the result of immobilization or other factors, such
as circadian rhythm. Only in one study, coagulation parameters in passengers
after an 8-hour bus trip were compared to those in a non-travelling control
population (64). No differences in TAT, D-dimers or F1+2 were observed between
the two groups.
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Hypoxia during simulated air travel

During air travel, cabin pressure drops to 75.8 kPA, which is equivalent to an
altitude of 2400 meters above sea level. Consequently, oxygen saturation can
drop as low as 90-93% and even to 80% in passengers who are asleep (67;68).
To separate the effect of sole hypoxia from hypobaric hypoxia, both the effects
of hypobaric as well as normobaric hypoxia on human coagulation have been
investigated.

Already in 1976, Maher et al. studied the effect of acute hypobaric hypoxia
(corresponding to an altitude of 4400 meters above sea level) on human coagulation
(69). He found a shortening of the partial thromboplastin time (aPTT) after 1 hour
and 24 hours in a hypobaric chamber whereas fibrinogen and FVIII levels returned
to baseline at 24 hours after an abrupt decrease after 1 hour. Fibrin degeneration
products (e.g. D-dimers) were transiently increased in three subjects.

Years later, when more laboratory assays became available, the effect
of hypoxia on both thrombin generation and fibrinolysis was further investigated
(Table 4). Bendz et al. exposed 20 volunteers to 8 hours of hypobaric hypoxia (76
kPa) by natural elevation and found an increase in thrombin generation (reflected
by TAT and F1+2), with a maximum increase after 2 hours of hypobaric hypoxia
(53). These changes were accompanied by an increase in FVlla (measured as
FVlla-tissue factor complex), while FVII antigen and TFPI (antigen and activity)
decreased. However, in a controlled experiment with eight participants, Crosby
et al. found no evidence for thrombin generation during exposure to 8 hours of
isocapnic hypoxia compared to 8 hours of normobaric normoxia (55). Also short
term exposure to normobaric hypoxia did not seem to affect markers of thrombin
generation in a cross over study (56). In a much larger study, Toff and colleagues
exposed 73 volunteers alternately to hypobaric hypoxia and normobaric nhormoxia.
They found no difference between the changes in markers of thrombin generation
during hypobaric or normobaric exposures (65). These findings were confirmed by
Schobersberger and colleagues (59).

Markers of fibrinolysis mainly remained unchanged during hypoxia in most
studies (53;55;56;65), although Schobersberger found a decrease in t-PA after 10
hours of hypoxia (59).

Air travel

Only few studies have investigated the effect of actual air travel on the coagulation
system (Table 4). No evidence for increased thrombin generation was found

in a study with 20 volunteers (including 10 volunteers who were obese, aged

>40 years, used oral contraceptives or had venous insufficiency) after a return
flight from Vienna to Washington (57). In a similar study, Boccalon et al. found
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a reduction in thrombin generation after an 11-h return flight with 30 healthy
male volunteers (54). In a tightly controlled crossover study with 71 volunteers
(including 41 women with risk factors for venous thrombosis, i.e. factor V Leiden
mutation, oral contraceptive use or both) evidence was found for thrombin
generation in 17% of individuals during an 8-h flight, whereas this was found in
only 3% during an 8-h movie marathon and in 1% during the ambulant situation.
The effect was most evident in women with FVL who use oral contraceptives (60).
Schobersberger et al. found evidence for suppressed fibrinolysis during
air travel (57), whereas markers of fibrinolysis remained unchanged in the study
by Boccalon et al (54). In the crossover study, the fibrinolytic system was activated
in more participants during the flight then during the immobilized or ambulant
situation (60).

Drawbacks of the studies

Thus, the results in all three settings (immobilization, hypoxia and air travel) were
conflicting. There are several possible explanations for these discrepancies. Firstly,
since it is plausible that only some individuals are susceptible to coagulation
activation during air travel, people with risk factors for venous thrombosis may
react differently than those without. In order to control for the large inter-individual
normal range of coagulation parameters, data are best analyzed on an individual
level in a crossover design. Most studies that have been conducted so far
included few participants (mostly without risk factors for venous thrombosis) and
presented data on group level only. Secondly, when only pre- and post exposure
data are compared, effects of circadian rhythm are not accounted for. Only

four studies compared changes in coagulation parameters during air travel or
hypobaric hypoxia to a control situation and may be considered to have yielded
valid data (55;56;60;65).

Discussion

Long distance travel increases the risk of venous thrombosis 2-4 fold. Only one
study assessed the risk of symptomatic venous thrombosis in a frequently travelling
working population and found a risk of 1/4600 travellers within 4 weeks of flights
longer than 4 hours. The risk of pulmonary embolism occurring immediately after
air travel increases with duration of travel, from 0 in flights shorter than 3 hours up
to 4.8 per million in flights longer than 12 hours. The risk of fatal PE immediately
after arrival, which was assessed in two studies, is estimated at less than 0.6 per
million passengers in flights longer than 3 hours. The risk of venous thrombosis is
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not increased after travel shorter than 3-4 hours. The risk of asymptomatic venous
thrombosis after long haul flights ranged up to 12%.

In one randomized controlled trial comparing the prevalence of
asymptomatic venous thrombosis in control travellers to that in travellers assigned
to wear stockings, stocking effectively prevented the development of asymptomatic
thrombi. The effect of stockings, low molecular weight heparin and aspirin has
been studied in a series of trials by the same research group. These studies
had serious methodological flaws and the scientific integrity of the authors was
questioned by the Medical Research Councils Fitness to Practice Panel (49-51).

Although several studies have addressed the mechanism responsible for
the association between venous thrombosis and long distance travel, differences
in design, analysis and interventions do not allow us to draw solid conclusions.
One controlled study that included volunteers with risk factors for venous
thrombosis showed evidence for an additional mechanism to immobilization
that could lead to coagulation activation after air travel, especially in susceptible
individuals.

Future research should focus on the mechanism responsible for
coagulation activation due to (air) travel, identification of individuals at high
risk, and prophylactic measures that prevent symptomatic venous thrombosis
and outweigh its potential harms. Based on the currently available evidence,
we conclude that the absolute risk of symptomatic venous thrombosis in the
general travelling population is not high enough to justify the widespread use of
prophylaxis, in particular of prophylaxis that may cause side effects. There may be
a rationale for preventive measures in individuals at high risk, but it is currently not
known which prophylactic measures have a positive balance of effect and risk.
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