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Abstract: There is increasing evidence that prolonged travel may be associated with the development of venous thromboembolic disease: ie deep
venous thrombosis and pulmonary embolism.
The data from case reports, retrospective reviews
and case control studies have been confirmed by
prospective studies.
There have been several prospective studies of
subjects embarking on airline flights of greater
than 4 hours duration aimed at determining the
incidence of DVT as detected by ultrasonography.
In unprotected subjects, the incidence of thrombosis in the calf veins or muscular veins ranged
between 0% and 10%.
There is evidence that the incidence of travelrelated pulmonary embolism appears to be related
to the distance travelled and immobility during
the flights. Whether the imputed causation is
merely due to immobility and venous compression or to other factors associated with the aircraft cabin requires further clarification.
The use of below-knee graduated compression
stockings appears to be highly effective. A 100
AXa U/kg single dose of a low molecular weight
heparin, given 2-4 hours before the flight, have
been reported to be more effective than aspirin
and placebo. However, the benefit/risk ratio of
such a strategy remains to be assessed.
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INTRODUCTION
The “economy class syndrome” was made famous
in 1988 by Cruikshank, who reported, in The
Lancet, a series of pulmonary embolisms (PE) occurring after air travel in economy class [1].
Although the term had already been used by
others [2] to refer to the onset of deep vein thrombosis (DVT) after long-haul flights, its main interest was the wise media exposure to which it gave
rise. The term had nevertheless been used by others before him [2] to refer to the onset of deep
vein thrombosis (DVT) after long flights.
Although Virchow [3], as early as 1858, described venous stasis as one of the main risk factors of DVT, a relationship between sitting and
the risk of DVT was described for the first time
only in 1948 by Simpson [4] This British surgeon

noted a considerable increase in fatal PE rates in
British soldiers forced to remain in a crouched position for several hours in shelters during the
London blitz. However, it was Homans [5], in
1954, who was the first, on the basis of four cases,
to suggest the probable relationship between a
long journey in a sitting position and a DVT
and/or PE. He suggested that “prolonged sitting
as is the case in aeroplane seats, cars, etc, or even
at the theatre may cause thrombosis of the veins
of the lower limbs.” Several series have been published since [6-8].
According to Sarvesvaran, who collected data
on 61 deaths occurring during flights over a 3-year
period, PE was suspected to be the cause of death
in almost 20% of cases, most of these sudden
deaths occurring in individuals with no past history [9].
This risk of DVT was long seen as connected
only to airplane flights. However, it is likely that
other situations in which people sit for several
hours are also associated with a risk of venous stasis, i.e. circulatory slowing, a major feature of
Virchow's triad.
This problem was considered
sufficiently
alarming that, in 2000, the Geneva-based World
Health Organization (WHO) decided, with the
collaboration of a group of “experts,” to take the
matter in hand. Furthermore, this problem is the
topic of a chapter in the forthcoming recommendations of the American College of Chest Physicians to be published in June 2004.

CURRENT EPIDEMIOLOGICAL DATA
Using data in a register on venous thromboembolic disease [10], we undertook the first case-control
study with the aim of determining whether the
fact of travelling was a venous thromboembolic
disease risk factor. A history of travel covered all
journeys by plane, train, bus, or car lasting more
than 4 hours during the month prior to diagnosis
of DVT or PE. Comparison of the travel history
of a group of patients suffering from confirmed
DVT/PE (n = 160) with that of a matched cohort
(n = 160) led to the conclusion that travelling was
associated with a very significant risk of DVT/PE:
OR 3.98 (95%CI: 1.9-8.4; P<0.001) [11].
Since our study, several case control studies
have been reported [12-14]. Although discussion is
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still ongoing, these studies tend to demonstrate an
association between prolonged travel and VTE.
One concern, however, still remains about the
exact magnitude of the problem, and the role of
immobility, venous compression and other risk
factors [15-23].
So far, several prospective studies have been
performed and published. These studies included
subjects taking plane flights of more than 4 hours
duration and aimed at determining the incidence
of DVT as detected by ultrasonography when no
prophylaxis was used [24-28]. In particular, the
first prospective study by John Scurr, a British
vascular surgeon, showed that, following long
flights, up to 10% of travellers, without prevention, may develop asymptomatic DVTs which can
be seen by duplex ultrasonography [24]. All in all,
in unprotected subjects, the incidence of thrombosis in the calf veins or muscular veins ranged
between 0% and 10%. There were 19 asymptomatic DVTs among 953 “low risk” travellers (2.0%)
[24-28] and 34 DVTs among 894 unprotected
“high risk” travellers (3.8%) [25, 27].
The length of the journey is an important factor. The study by Lapostolle reviewing all cases
seen at Roissy Airport, Paris, i.e. upon disembarkation, reported a linear relationship between the
length of the flight and the risk of PE on arrival
[29]. Following flights of more than 5000 km, 1.5
travellers per million may suffer PE vs 0.01 cases
per million travellers on shorter flights.
Since Homans in 1954, several reported cases
and a number of retrospective surveys, including
our own case-control trials, have described deep
vein thromboses after car, bus, or train travel [11].

CLINICAL PRESENTATION AND
PATHOPHYSIOLOGY
Classic clinical symptoms may occur during the
trip itself, immediately after it, or up to several
weeks later. In published prospective studies the
majority of DVT were asymptomatic. Prevention
studies in surgery have clearly shown that the vast
majority of DVTs are asymptomatic. Does this
mean that such asymptomatic episodes are dangerfree? Bearing in mind the number of PEs due to
DVTs which have not given rise to symptoms, as
well as the number of cases of postphlebitic disease seen without any known earlier episode of
acute DVT, it is obvious that a lot of episodes of
DVT go undiagnosed. It is thus possible that long
journeys, or even sitting for prolonged periods, is
a largely unrecognized cause of DVT/PE, some of
which may become symptomatic only long after
the causal phenomenon.
Presenting symptomatology is more often that
of DVT than of PE. In some cases, the first symptom may be a paradoxical embolism responsible
for a stroke [30].
Currently, there appears to be no available data
permitting definition of a particular topography
of travel-related DVT. Sitting, together with compression of the popliteal fossa, may trigger stasis
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in the calves, particularly because of physiological
Cockett's syndrome of the left leg. Some authors
report a more frequent suprapopliteal site of clot
location [23] while, in our study, the topography
of the venous thrombus did not appear to follow
any particular pattern [11].
Some data in the literature tend to show the existence of predisposing factors [14, 17, 21]. A correlation between the risk of venous thrombosis
due to prolonged sitting and resistance to activated protein C was first suggested [31] in 1995. After
a public transport strike in France lasting 3 weeks,
certain carriers of Leiden V mutation who had
spent long periods sitting in their cars developed a
DVT while others with the mutation who had
walked to work remained asymptomatic. One can
assume therefore that factors predisposing to demonstrated venous thrombosis could also favor the
formation of venous clots in travellers.
The pathophysiology of traveler’s venous
thromboembolic disease is often mentioned in
the literature. Venous stasis secondary to immobility in a sitting position seems to constitute the
chief suspect. We have all noticed how difficult it
is sometimes to put one's shoes back on after a
long car or aeroplane trip. Wright and Osborn
[32], using labeled radioactive NaCl injected into
the veins of the dorsum of the foot, showed that
the velocity of venous flow in the lower limbs is
reduced by two thirds when sitting. Stasis is often
increased by compression of calf or thigh muscles
against seats by sitting cross-legged. After an hour
in such a position, in addition to decreased venous flow, there is a gradual increase in hematocrit and a concomitant rise in proteins of as much
as 25%. Patients are often affected by profound
inertia and apathy, with decreased muscle activity
and thus venous return, thereby worsening the
venous stasis. The problem of the formation of
venous clots during flights has also been extensively discussed. It seems likely that several factors are involved.
Some authors emphasize dehydration, especially in relation to air travel. This is believed to result from the combination of drinking alcohol
(diuretic effect) and a low intake of rehydrating
beverages, together with the low relative humidity (8% to 12%) in high-altitude aircraft. In 1976,
Carruthers et al. [33] showed decreased urine output with increased urine osmolarity during
flights. Simons and Krol [34] described, in otherwise healthy individuals, increased plasma and
urine osmolarity, despite a water intake of more
than 2 L during
the flight in simulated, low-altitude (8000 feet)
conditions lasting 8 hours. Other more recently
cited possible causes are spontaneously decreased
fibrinolysis and activation of coagulation associated with decreased atmospheric oxygen concentration [35, 36]. At the (very low) altitude of 8000
feet, i.e. 2400 meters, oxygen pressure is about 75
kPa. At this pressure, hemoglobin 02 saturation in
healthy subjects may reach values of up to 90%,
with considerable variations between individuals.
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In particular, drops in O2 saturation to values of
80% seem quite commonplace [35].

PREVENTION
In our opinion, prevention treatment must not do
more harm than the disorder.
It would be very risky (and costly) to envisage
routine preventive heparin, even at low molecular
weight. Similarly, aspirin has no proven efficacy
as a preventive measure.
The most effective precautions are simple, commonsense measures which cost nothing.
In order to offset the risk of dehydration, it is
advisable to drink frequently, as well as to avoid
alcoholic drinks. Recently there has been some
concern following suspicions that tranquillizers
and sleeping-pills might be involved in the pathogenesis of DVT [37].
Flexing the feet and frequent stretching of the
calf muscle suffice to double or triple venous flow
for several seconds. These movements should be
repeated regularly several times per hour. Some
airlines have installed “steppers” under each seat
to enable and encourage these movements. Others
show films advising such movements and warning
against the risk of thrombosis.
Getting up to walk down the aisle is not always
easy but is advisable when technically possible. In
a car or in a train, the same preventive measures
apply, the only difference being that walking (by
stopping the car regularly or walking along the
train corridor) is easier than in a plane.
Wearing elastic support stockings may be useful. The use of below-knee properly-fitted graduated compression stockings providing 15-30 mm
Hg compression and, applied before departure,
practically eliminated asymptomatic thrombosis
in four randomized trials with combined samples
of 1676 air travellers [24, 25, 26]. In Scurr's study,
none of the patients wearing elastic stockings developed DVT, which appears to demonstrate the
efficacy of this simple procedure [24]. However,
the same study reported a non-negligible incidence of superficial phlebitis in these same wearers of elastic stockings. Many manufacturers have
already seized the opportunity by marketing
socks with potentially sufficient support properties which are easy to wear or even comfortable.
Do we need more prevention ?
In high-risk travellers (mainly those with previous history of idiopathic DVT/PE), a single, nonusual dose of LMWH, i.e. 100 AntiXa U/kg,
given 2 to 4 hours before the flight, has been reported to significantly decrease the incidence of
DVT when compared with placebo or even 400
mg of Aspirin started 12 hours before the flight
and continued for 3 days (DVT rates = 0%, 3.6%
and 4.8%, respectively) [27]. The use of LMWH in
high-risk patients might be useful. However, in
this study only 82 travellers received LMWH and
the benefit/risk ratio will necessitate to be assessed in further studies. However, in another
study (LONFLIT 4) the «control group» (a low-
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medium-risk subjects group) presented no DVT at
all after 7 to 12 hour flights. This may suggest that
when passengers are aware of the risk, they spontaneously take appropriate preventive measures
and hence avoid the problem.

CONCLUSION
While the economy class syndrome became better
known in 1988 after the description of 5 cases of
deep vein thrombosis occurring in aeroplanes, the
problem of the risk of deep vein thrombosis
while/or following sitting during travel goes far
beyond this anecdotal evidence. There have been
many cases reported in the literature, but it is likely that most go unrecognized.
Travel is a probable and long underestimated
cause of DVT/PE.
In many modern epidemiological studies, about
half of DVTs and PEs remain asymptomatic. In a
way, it is reassuring to note that, alongside various congenital predispositions which have been
discovered in recent years, new acquired factors
such as travel have been identified. These factors
reduce the number of cases of DVT/PE with no
rational explanation. What now remains to be determined is the best prevention strategy.
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