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The association between air travel and deep venous thrombosis and/or pulmonary embolism “economy-class syndrome” is well
described. However, this syndrome does not describe any association between long duration travel and arterial thrombosis or
coexistence of venous and arterial thrombosis. We present a case of concomitant deep venous thrombosis, acute femoral artery
thrombosis, and bilateral pulmonary embolisms in a patient following commercial air travel. Echocardiogram did not reveal an
intracardiac shunt that may have contributed to the acute arterial occlusion from a paradoxical embolus. To our knowledge, this is
the first report in the literature that associates air traveling with both arterial and venous thrombosis.

1. Introduction

The association between air travel and deep venous thrombo-
sis/pulmonary embolism was first reported in 1954 [1]. Soon
after, the phrase “economy-class syndrome” [2, 3] was used to
describe this problem,with severalmore published case series
appearing in the literature [4–6]. The mechanism behind the
increased risk for clotting complications was proposed to
include blood stasis, along with one or more of the following:
lower extremity fluid retention, hemoconcentration of clot-
ting factors, and possible activation of the coagulation cas-
cade [7–9]. A few authors have also related this condition to
long duration travel by car and train [10–12]. This syndrome,
however, does not describe an association between long
duration travel and arterial thrombosis or the coexistence
of venous and arterial thrombosis simultaneously. We report
a case of concomitant deep venous thrombosis and acute
femoral artery thrombosis along with bilateral pulmonary
embolism after a long overseas flight.

2. Case Report

A 50-year-old woman from Montenegro presented to our
institution with shortness of breath that was associated with
pleuritic chest pain. Her symptoms began during a long

overseas flight and progressively worsened after disembark-
ing the plane.

She also complained of left leg pain and swelling. The pa-
tient’s past medical history was significant for hypertension
and diabetes mellitus. She never smoked and was not on
any hormonal treatments. On physical exam, heart rate was
115, respiratory rate was 32, and she appeared to be in mild
distress. Bilateral breath sounds were clear to auscultation. Of
note, the patient had swelling of the left lower extremity and
foot with some dark discoloration, absence of distal pulses,
and impaired sensation. Initial laboratory tests revealed
respiratory alkalosis (pH 7.45, pCO2 28, paO2 111, and
HCO3 22.5), a normal coagulation profile, and a D-dimer of
1300 ug/L. Cardiac enzymes were within normal limits. EKG
showed sinus tachycardia. A CT scan of the chest revealed
bilateral pulmonary embolisms (Figure 1). Arterial and
venous Doppler imaging of both lower extremities showed
an occlusive left popliteal vein thrombus and an occlusive
left common femoral artery thrombosis.

A heparin drip was initiated immediately and the patient
was admitted to the intensive care unit with a low threshold
to proceed to the operating room for either thrombectomy or
catheter-based thrombolysis. Fortunately, few hours follow-
ing the initiation of treatment a significant improvement was
noticed in the patient’s shortness of breath and chest pain.
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Figure 1: CT scan of chest, coronal view. White arrows point to bilateral pulmonary emboli.

(a) (b)

Figure 2: CTA of bilateral lower extremities. White arrow points to filling defect of left external iliac artery.

Additionally, her left leg swelling and skin discoloration were
markedly improved as well; however, she continued to have
a dull aching pain in her left foot with weak, monophasic,
dopplerable distal pulses.Thepatient underwent aCTAof her
left lower extremity with distal runoff, which demonstrated a
subocclusive filling defect extending from the origin of the
left common femoral artery to the distal superficial femoral
artery, with normal popliteal and three-vessel runoff to the
ankle (Figure 2). With an unclear source of this arterial
thrombosis, an echocardiogram was obtained to rule out a
cardiac source of an acute embolus, as well as a paradoxical
systemic arterial embolism through a patent foramen ovale
(PFO). The transthoracic echocardiogram was normal with
no evidence of an intracardiac shunt, right heart strain, or
mural thrombus. Given the acute nature of the patient’s
condition and her only partial response to nonoperative
management, the patientwas taken to the operating room.An
open mechanical left iliofemoral arterial thrombectomy was

Figure 3: Large blood clot removed from the left iliofemoral artery
intraoperatively. CTA of bilateral lower extremities. White arrow
points to filling defect of left external iliac artery.

performed using a Fogarty catheter. A large clot was retrieved
from both the superficial femoral and external iliac arteries
(Figure 3). Postoperatively the patient’s symptoms dramati-
cally improved and her physical exam revealed palpable distal
pulses in her left foot with mild reperfusion symptoms.

Although the initial results for hypercoagulation workup
such as protein C, protein S factor II assay, and ANA screen
were all within normal limits, these results are difficult to
interpret in the setting of acute thrombosis and anticoagulant
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medication therapy. She was discharged on Warfarin with
a plan for full hypercoagulation workup after discontinuing
the Warfarin in 6 months with a potential need for long
life anticoagulation pending the workup. After discharge, the
patient traveled back to her homeland and was unfortunately
lost for followup.

3. Discussion

Stasis caused by sitting and immobility during prolonged
journeys (>5 hours) is considered a risk factor for deep
venous thrombosis and pulmonary embolism. Rudolf Vir-
chow described a triad that predisposes an individual to
thrombosis, which includes immobility, endothelial damage,
and hypercoagulability. This case report hones in on the
immobility aspect experienced by long distance travelers
but can also include patients who are immobile due to
disabilities or recent major surgery. Endothelial damage can
be caused by a number of variables including smoking,
atherosclerosis, trauma, and even prolonged immobility [7,
13, 14]. A hypercoagulable state can be induced, as with
patients with cancer, or inherited, like those individuals with
factor 5 Leiden or protein C/S deficiencies [14]. What is
remarkable is that over the last twenty years, greater than
200 cases of pulmonary embolism have been reported in
association with “economy-class syndrome” [2, 7, 11, 13, 15].
Landgraf et al. proposed themechanismmentionedprevious-
ly of blood stasis in associationwith immobility effects such as
fluid retention in the legs [9], reduction of oxygen in the cabin
[16], hemoconcentration secondary to dehydration [14], and
activation of coagulation [17]. It should be noted that this
syndrome has also been described in first class or business
class passengers and even in prolonged overland journeys
like those via train, car, or coach [10–12]. For this reason,
the syndrome has been referred to by some as “travelers’
syndrome” [18]. In March 2001, the World Health Organiza-
tion (WHO) accepted that there was a probable risk of
presenting with pulmonary embolism after prolonged flights
despite the low incidence and the presence of other risk
factors in most of the passengers affected.

Acute arterial thrombosis on the other hand is tradition-
ally regarded as a different disease with respect to pathophys-
iology, epidemiology, and treatment strategies when com-
pared to venous thrombosis. To our knowledge, this is the
first report in the literature that associates air travel with both
acute venous and arterial thrombosis. Arterial thrombi tend
to occur at places where plaques are formed and where shear
stress is high, which results in platelet rich “white thrombi”
[19]. In contrast, with venous thrombotic disease, thrombi
tend to occur at sites where the vein wall is undamaged and
blood flow and shear stress are low, resulting in red cell-rich
“red thrombi” [19]. Stasis caused by sitting and immobility
during prolonged traveling is therefore not considered a risk
factor for acute arterial thrombosis. Nevertheless, it appears
that venous thrombosis and arterial thrombosis are not com-
pletely separate entities. Becattini et al. demonstrated a 40%
decrease in DVT recurrence rate by initiating antiplatelet
therapy after cessation of warfarin therapy for DVT [20].

Recent research has shown a 40 to 50% risk reduction for
venous thrombosis occurrence in patients taking statins for
arterial diseases [21]. On the other hand, there is also a 1.5-
to 3-fold increased venous thrombotic risk in individuals
who have been exposed to traditional arterial thrombotic risk
factors like diabetes, hypertension, and dyslipidemia [21, 22].
Furthermore, it appears from the literature that patients with
arterial thrombosis have from 1.2-fold to more than 4-fold
increased risk of developing subsequent venous thrombosis
[23]. Despite these associations, acute cases of simultaneous
arterial and venous thromboses are rarely seen in clinical
practice, and there have only been a few cases reported in
the literature [24–27], none of which have been linked to air
travel.

It is important not to forget about a possible PFO in
patients presenting with the coexistence of pulmonary and
paradoxical systemic arterial embolism [28]. A small PFO is
usually hemodynamically insignificant, while large-diameter
PFOs may act as a pathway for the passage of thrombi, air,
fat, vegetations, or vasoactive substances from the venous
to the arterial circulation, potentially causing paradoxical
emboli and stroke [29]. In our case, a normal echocardiogram
excluded PFO as a possible cause of this unusual coexistence
of pulmonary and systemic thrombosis.

Regardless of patient history or risk factors, as some
patients may carry a coagulation disorder that has thus far
been silent, there are certain precautions that those embark-
ing on a long, sedentary journey can take to avoid coagulation
complications such as deep venous thrombosis and pul-
monary embolism.These recommendations include avoiding
sitting with crossed legs, attempting to stand or move about
every two hours for a couple of minutes, and engaging in
flexion-extension exercises while seated. The avoidance of
dehydration, excessive alcoholic intake, and tight clothing can
assist in decreasing the risk for vasoocclusive complications
during long journeys.

In this case, long-duration air travel in a seated position
likely caused venous stasis leading to deep vein thrombosis,
and we speculate it may have caused prolonged subtotal
arterial compression whichmay have predisposed the patient
to arterial thrombus formation. Due to the patient being lost
to followup, we cannot investigate a possible hypercoagu-
lable state which to this point has been unidentified. Case
reports have attributed acute limb arterial thrombosis to a
known hypercoagulable state (inherited [30] or acquired [31])
although the literature has not shown there be a statistical
association between the two. In this case and similar cases,
a hypercoagulable workup should include testing for Factor
V Leiden and prothrombin 20210 mutations, deficiency of
protein C, protein S, and antithrombin III; elevation of
clotting factorsVIII, IX,XI, andfibrinogen andhomocysteine
levels; and testing anticardiolipin antibodies. Most clinicians
will elect to do the workup two to four weeks after stopping
anticoagulation, because the results of some of these testsmay
potentially be affected by acute thrombosis and anticoagula-
tion. The possibility of an unidentified cancer as a cause of
the hypercoagulable state should also be kept in mind and
investigated.



4 Case Reports in Vascular Medicine

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] J. Homans, “Thrombosis of the deep leg veins due to prolonged
sitting,” The New England Journal of Medicine, vol. 250, no. 4,
pp. 148–149, 1954.

[2] I. S. Symington and B. H. R. Stack, “Pulmonary thromboem-
bolism after travel,”The British Journal of Diseases of the Chest,
vol. 71, no. 2, pp. 138–140, 1977.

[3] J. M. Cruickshank, R. Gorlin, and B. Jennett, “Air travel and
thrombotic episodes: the economy class syndrome,”The Lancet,
vol. 2, no. 8609, pp. 497–498, 1988.

[4] B. Eklof, R. L. Kistner, E. M. Masuda, B. V. Sonntag, and
H. P. Wong, “Venous thromboembolism in association with
prolonged air travel,” Dermatologic Surgery, vol. 22, no. 7, pp.
637–641, 1996.

[5] A. Mercer and J. D. Brown, “Venous thromboembolism associ-
ated with air travel: a report of 33 patients,” Aviation Space and
Environmental Medicine, vol. 69, no. 2, pp. 154–157, 1998.

[6] R. Sarvesvaran, “Sudden natural deaths associated with com-
mercial air travel,”Medicine, Science and the Law, vol. 26, no. 1,
pp. 35–38, 1986.

[7] R. A. Kraaijenhagen, D. Haverkamp, M. M. W. Koopman, P.
Prandoni, F. Piovella, and H. R. Büller, “Travel and risk of
venous thrombosis,” The Lancet, vol. 356, no. 9240, pp. 1492–
1493, 2000.

[8] H. P. Wright and S. B. Osborn, “Effect of posture on venous
velocity, measured with 24NaCl,” British heart journal, vol. 14,
no. 3, pp. 325–330, 1952.

[9] H. Landgraf, B. Vanselow, D. Schulte-Huermann, M. V. Mul-
mann, and L. Bergau, “Economy class syndrome: rheology, fluid
balance, and lower leg edema during a simulated 12-hour long
distance flight,” Aviation Space and Environmental Medicine,
vol. 65, no. 10, pp. 930–935, 1994.

[10] B. Tardy, Y. Page, F. Zeni et al., “Phlebitis following travel,” Presse
Médicale, vol. 22, no. 17, pp. 811–814, 1993.

[11] E. Ferrari, T. Chevallier, A. Chapelier, and M. Baudouy, “Travel
as a risk factor for venous thromboembolic disease: a case-
control study,” Chest, vol. 115, no. 2, pp. 440–444, 1999.

[12] S. K. Mittal, S. Chopra, and R. Calton, “Pulmonary embolism
after long duration rail travel: economy class syndrome or rail
coach syndrome,” Journal of Association of Physicians of India,
vol. 59, no. 7, pp. 458–459, 2011.

[13] P. L. J. Kesteven, “Traveller’s thrombosis,”Thorax, vol. 55, no. 1,
pp. S32–S36, 2000.

[14] M. Ten Wolde, R. A. Kraaijenhagen, J. Schiereck et al., “Trav-
el and the risk of symptomatic venous thromboembolism,”
Thrombosis and Haemostasis, vol. 89, no. 3, pp. 499–505, 2003.

[15] M. Bagshaw, R. Simons, and J. Krol, “Jet leg, pulmonary
embolism, and hypoxia,”TheLancet, vol. 348, no. 9024, pp. 415–
416, 1996.

[16] M.Carruthers, A. E. Arguelles, andA.Mosovich, “Man in trans-
it: biochemical and physiological changes during intercontinen-
tal flights,”The Lancet, vol. 1, no. 7967, pp. 977–981, 1976.

[17] B. Bendz, M. Rostrup, K. Sevre, T. O. Andersen, and P. M.
Sandset, “Association between acute hypobaric hypoxia and

activation of coagulation in human beings,”TheLancet, vol. 356,
no. 9242, pp. 1657–1658, 2000.

[18] R. Benoit, “Travellar thromboembolic disease. The economy-
class syndrome,” Journal des Maladies Vasculaires, vol. 17, pp.
84–87, 1992.

[19] C. Jerjes-Sanchez, “Venous and arterial thrombosis: a continu-
ous spectrumof the same disease?”EuropeanHeart Journal, vol.
26, no. 1, pp. 3–4, 2005.

[20] C. Becattini, G. Agnelli, A. Schenone et al., “Aspirin for prevent-
ing the recurrence of venous thromboembolism,” The New
England Journal ofMedicine, vol. 366, no. 21, pp. 1959–1967, 2012.

[21] A. Squizzato, M. Galli, E. Romualdi et al., “Statins, fibrates, and
venous thromboembolism: a meta-analysis,” European Heart
Journal, vol. 31, no. 10, pp. 1248–1256, 2010.

[22] W. Ageno, C. Becattini, T. Brighton, R. Selby, and P. W.
Kamphuisen, “Cardiovascular risk factors and venous throm-
boembolism: ameta-analysis,”Circulation, vol. 117, no. 1, pp. 93–
102, 2008.

[23] H. T. Sørensen, E. Horvath-puho, K. K. Søgaard et al., “Arterial
cardiovascular events, statins, low-dose aspirin and subsequent
risk of venous thromboembolism: a population-based case-
control study,” Journal ofThrombosis andHaemostasis, vol. 7, no.
4, pp. 521–528, 2009.

[24] I. R. Khan, J. G. Reeves, P. J. Riesenman, and K. Kasirajan,
“Simultaneous arterial and venous ultrasound-assisted throm-
bolysis for phlegmasia cerulea dolens,” Annals of Vascular
Surgery, vol. 25, no. 5, pp. 696.e7–696.e10, 2011.

[25] D. Nagaraja, A. B. Taly, and S. K. Shankar, “Simultaneous
cerebral arterial and venous thrombosis.,”The Journal of the As-
sociation of Physicians of India, vol. 38, no. 5, pp. 325–326, 1990.

[26] S. Juhl, K. Shorsh, H. Videbæk, and M. N. Binzer, “Concomi-
tant arterial and venous thrombosis in a bodybuilder with
severe hyperhomocysteinaemia and abuse of anabolic steroids,”
Ugeskrift for Laeger, vol. 166, no. 40, pp. 3508–3509, 2004.

[27] D. Gupta, P. Shukla, S. S. Bisht, M. L. B. Bhatt, M. C. Pant,
and K. Srivastava, “Deep vein and artery thrombosis associated
with cetuximab-based chemoradiotherapy,” Indian Journal of
Pharmacology, vol. 43, no. 4, pp. 478–480, 2011.
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