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Travell  and the risk of symptomatic venous 
thromboembolism m 

Marijee ten Wolde, Roderik A. Kraaijenhagen, Jan Schiereck, Petronella J. 
Hagen,, Joost J. Mathijssen, Melvin R. Mac Gillavry, Maria M.W. Koopman, 

Harryy R. Biiller 

WhetherWhether long-distance travel and symptomatic venous thromboembolism (VTE) are associated is debated. 

OnOn the basis oj the available literature a fair risk estimate cannot be obtained. (I 'e estimated an accurate odds 

ratioratio for the relationship between recent travelling and symptomatic VTE. From three case-control studies 

consistingconsisting of 788 and ITU patients with clinically suspected deep vein thrombosis (DVT) and 9X9 patients 

withwith clinically suspected pulmonary embolism (PE) referred for diagnostic work-up. a pooled odds ratio for 

thethe relation between travel and symptomatic I 'TE was calculated. Cases were patients in wham the diagnosis 

waswas confirmed according to a diagnostic management strategy, whereas controls were patients in whom the 

diagnosisdiagnosis was excluded and who had an uneventful clinical follow-up. Patients were seen in the period. [pril 

199'199' - September 2000. Travel history was recorded prior to diagnostic work-up. The pooled odds ratio for 

thethe association between any travel and symptomatic venous thromboembolism was 0.9 (95% CI: I). 6-1.4). 

TheThe median travel time was 7 hours (quartile range 4 - 10 hours/. Separate analyses performed for different 

typestypes of transport (plane, ear. bus or train) yielded comparable odds ratios. The analysis for duration of 

travellingtravelling showed an increased odds ratio of 2.5 (95% CI: 1.0-6.2) in the category of 10-15 hours of travelling. 

ThisThis study shows that the average traveller does not have an increased risk for symptomatic venous 

thromboembolism.thromboembolism. Only very long travelling (more than 10 hours) may he associated with venous 

thromboembolicthromboembolic disease. 





Travell and the risk of symptomatic venous thromboembolism 

Establishedd risk factors for venous thrombosis include surgery ': , malignancy ' ', acquired 

andd congenital hypercoagulable states4 and oestrogen therapy  In addition, prolonged 

immobilisation,, with the associated \ cnous stasis, has been recognised to increase the risk 

off  thrombosis \ The relationship between prolonged immobilisation in seated position and venous 

thromboembolismm was highlighted in the Second World War, by people who had squatted motionless 

forr hours in shelters and who died suddenly of pulmonary embolism \ Similar observations about 

thiss relationship were made almost 15 years later, in individuals sitting in cramped conditions 

duringg long journeys by car, bus or airplane \ In the follow ing years, the association between travel 

andd thrombosis was further supported by several case reports, and in 1988 the term "economy class 

syndrome""  was coined ". It was speculated that this association is caused by a combination of 

etiologicall  factors, which promote hypercoagulability and stasis. These factors can be divided in 

patientt related factors (e.g. malignancy or thrombophilia), position related factors (e.g. chair position 

andd duration of immobilisation) and, in case of air travel, cabin related factors (e.g. low humidity, 

reducedd air pressure and relative hypoxia) '". It has been hypothesised that the latter factors may 

contributee to the possible higher prevalence of venous thrombosis after air travel ". Although the 

literaturee provides theoretical arguments for the assumption that long distance travel may be a risk 

factorr for venous thromboembolism, the true risk is poorly estimated. It has been described that 5-

25%% of patients with documented thrombosis has a history of recent prolonged travelling n "'. 

However,, these figures were usually based on non- or inappropriately controlled studies and often 

retrospectivee analyses. Recently, several controlled studies have been published, which revealed 

contrastingg results l7":!. Hence, the actual risk of symptomatic venous thromboembolism among 

travellerss remains unclear and needs to be estimated more precisely. We therefore sought to combine 

ourr data from a series oï three case-control studies. In these studies, consecutive patients with 

clinicallyy suspected deep vein thrombosis or pulmonary embolism referred for diagnostic work-up 

weree included. Detailed information about long distance travelling was obtained prior and 

independentlyy to diagnostic work-up. We here report our findings on the odds ratio of the risk of 

travell  and venous thromboembolism in these groups. 

Methods s 
Studyy Populations and Design 

Forr the analysis, data from three case-control cohort studies of patients presenting with clinically 

suspectedd venous thromboembolism, referred for diagnostic work-up. were available. 

Thee first cohort consisted of consecutive outpatients referred by their general practitioner with 

clinicallyy suspected deep vein thrombosis (DVT) of the leg seen in the period between April 1997 

53 3 



Chapterr 5 

andd January 1999. The ilndings in this group have been published pre\ iously 'x. The second cohort 

concernss information obtained in the same patient population seen between February 1999 and 

Septemberr 2000, after which time the possible relationship between travel and thrombosis got 

widespreadd media attention. This study is referred to as the extended DVT study. Exclusion criteria 

forr these studies were younger than 18 years; full dose anticoagulant therapy for more than 24 

hours;; previous DVT in the same leg without documented normalisation and informed consent 

refusal.. The results of these two studies w ere combined w ith those of our case-control study performed 

inn patients with clinically suspected pulmonary embolism. This third cohort consisted of in - and 

outpatientss w ith clinically suspected pulmonary embolism (PF) referred by their general practitioner 

orr attending physician seen in the period from October 1998 through September 2000. Exclusion 

criteriaa lor this study were diagnostic methods performed in the pre\ ious w eek because of suspected 

PFF or DVT; younger than I 8 years; pregnancy; thrombolytic therapy; full dose anticoagulant therapy 

forr more than 24 hours and informed consent refusal. For all studies, approval was obtained by the 

Institutionall  Review Boards of all participating centres. 

Inn the patients of all three studies, information regarding recent travel history was obtained using a 

standardd questionnaire. Patients were asked if they had travelled for more than 3 consecutive hours 

inn the last 4 weeks. If travelling was confirmed, the patient was asked to specify the method of 

transportationn (aeroplane, car, bus, train or boat), the precise duration of the journey and the time 

periodd elapsed between travel and onset of current symptoms. In addition, specific information 

concerningg the medical history of each patient was obtained including presence of malignancy; 

previouss VTF and recent surgery, immobilisation or trauma. All this information was recorded 

priorr to the start of the diagnostic work up. 

Thee diagnosis of DVT w as confirmed or excluded based on the outcome of a diagnostic management 

strategy,, using compression ultrasonography and a D-dimer assay, as well as 3 months of clinical 

follow-upp : ; ' : \ Cases were defined as those patients with confirmed DVT. whereas controls were 

indivv iduais with normal test results and an uneventful 3 month clinical follow-up. The diagnosis of 

PFF was confirmed or excluded based on the outcome of a diagnostic management strategy, using 

clinicall  probability estimates, a D-dimer test, \ entilatton-perfusion lung scintigraphy, spiral computer 

tomographyy (spiral CT). serial ultrasonography of the legs and 3 months of clinical follow-up :,,~:\ 

Forr the two DVT studies a SimpliRFD D-dimer (Agen Biomedical Ltd. Brisbane. Australia) was 

usedd and in the PF study aTinaquant D-dimer(Boehrmger Mannheim (imbll , Mannheim. Germany) 

wass performed. PF was considered present, i.e. the cases, if symptomatic PF was confirmed by a 

high-probabilitvv scintigram, a non-high probability scintigram with abnormal ultrasonograph) of 

thee legs or the presence of PI- on spiral CT. Controls were indiv iduais with either normal perfusion 
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scintigraphy,, normal spiral CT. non-high ventilation-perfusion scintigraphy with normal serial 

ultrasonographyy or a low clinical probability estimate with a normal D-dimer. In addition, the clinical 

follow-upp over a 3-month period needed to be uneventful. 

Too a\oid clinical heterogeneity we restricted our meta-analysis to those studies following a similar 

studyy design in terms of studied population and referral patterns, diagnostic algorithms, detlnitions 

off  exposure and in-and exclusion criteria. We did not include other case-control studies in our 

analysiss because of a different study population in which travel history was obtained after the 

diagnosiss was established |7-ll>:", a different definition of exposure '", or because too few data were 

reportedd for the planned analyses : |. 

Statisticall  Analysis 

Thee prevalences of recent travel in cases and controls were used to calculate odds ratios with their 

95%% confidence intervals for the three cohorts separately. These odds ratios were subsequently 

combinedd across studies using the Mantel Haenszel procedure2". The advisability of combining the 

studyy results was addressed with the Chi Square test for heterogeneity. For comparison, we also 

calculatedd odds ratios for other well established risk factors of venous thromboembolism such as 

cancerr and surgery. 

Furthermore,, three additional analyses were planned. The First concerned patients who were likely 

too be physically capable of travelling (i.e. patients w ithout serious coexisting illnesses or conditions, 

definedd as the presence of malignancy; recent surgery, trauma, immobilisation or inpatients). In 

eachh study, patients with the latter conditions were excluded and odds ratios were calculated as 

describedd above. Secondly, the different types of transport (aeroplane, car or bus and train or boat) 

weree analysed separately. The prevalence of travellers who travelled by each of these transport 

categoriess in cases and controls were used to calculate odds ratios. The third analysis concerned the 

durationss of travelling. The following categories were distinguished: 3-5 hours; 6-10 hours; 11-15 

hourss and 16 hours or longer, as compared to non-travellers. For this analysis, odds ratios were 

calculatedd for each category of travel duration separately. 

Alsoo for the 3 additional analyses, the Mantel Haenszel method for combining studies was used to 

calculatee pooled odds ratios. Study results were only pooled when the Chi Square test for heterogeneity 

wass negative (i.e. insignificant). All analyses were done in Review Manager <:, The Cochrane 

Collaboration,, 2000. 
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Results s 
Inn the first DVT study a total of 788 patients were included, whereas in the extended DVT and PE 

study,, 170 and 989 patients, respectively, were available for analysis. The baseline clinical 

characteristicss of the cases and controls of the two DVT studies are combined in table 1, whereas 

thee baseline characteristics of the PE study are separately presented in table 2. Forty percent of the 

patientss in the PE study were inpatients. 

Inn the first DVT study, the diagnosis of thrombosis was confirmed in 186 of 788 patients with 

Tablee 1. Baseline characteristics of 788 and 170 study patients referred for clinically suspected deep 

venouss thrombosis (DVT) 

Characteristic c 

Numberr of patients 

Meann age. years (range) 

Women n 

Mediann time between travel and onset 

off  symptoms, days (interquartile range) 

Knownn malignancy 

Prevv ious venous thromboembolism 

Recentt surgery 

Recentt trauma 

Patientss v\ 

Firstt DVT 

study y 

186 6 

644 (20-92) 

100 0 

5(2-13) ) 

411 (22%) 

32(17%) ) 

48(26%) ) 

20(11%) ) 

ihDVI I 

Extendedd DVT 

study y 

58 8 

59(23-90) ) 

24 4 

7(4-14) ) 

6(10%) ) 

19(33%,) ) 

55 (9%) 

9(16%) ) 

Patientss without DVT 

Firstt DVT 

study y 

602 2 

611 (19-97) 

375 5 

8(4-19) ) 

63(11%) ) 

58(10%) ) 

755 (13%) 

98(16%) ) 

Extendedd DVT 

study y 

112 2 

56(18-93) ) 

69 9 

88 (3-24) 

6(5%,) ) 

18(16%) ) 

10(9",,) ) 

15(13%,) ) 

Dataa from the first DVT study have been published previously " 

Tablee 2. Baseline characteristics of 989 study patients referred for clinically suspected pulmonary 

embolismm (PE) 

Characteristic c 

Numberr of patients 

Patientss with PE 

233 3 

Patientss without PE 

756 6 

Meann age. v ears (range) 

Women n 

Mediann time since onset of symptoms. 

dayss (interquartile range) 

Knownn malignancy 

Previouss venous thromboembolism 

Recentt surgery 

Recentt trauma 

59(18-91) ) 

128 8 

2(1-7) ) 

44(19%| | 

37(16%.) ) 

47(20%) ) 

12(5%) ) 

522 (19-96) 

3(1-9) ) 

113(15%) ) 

90(12%,) ) 

1211 (16%,) 

15(2%.) ) 
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suspectedd DVT (prevalence 24%). whereas in 58 of the 170 patients with suspected DVT in the 

extendedd study the disease was present (prevalence 34%). Of the 989 patients with suspected PE, 

2333 had a confirmed PE (prevalence 24%). 

Inn the 186 DVT patients of the first DVT study. 9 patients had been travelling (5%). whereas this figure 

wass 7% in the controls (43 of 602 patients). In the extended DVT study, 5 of the 58 DVT patients had 

beenn travelling (9%) versus 6 out oi' i i 2 patients in whom the diagnosis was ruled out (5%). Of all 233 

patientss with confirmed PE, 18 had a travel history (8%); this figure was 7% for patients in whom the 

diagnosiss was excluded (56 of 756 patients). The corresponding odds ratios for the risk ol'thrombosis 

andd long distance travel of the first DVT, extended DVT and PE study were 0.7 (95% confidence interval 

[CI] :: 0.3-1.4), 1.7 (95% CI: 0.5-5.7) and 1.1 (95% CI: 0.6-1.8), respectively. The test for heterogeneity 

wass negative and the pooled odds ratio was 0.9 (95% CI: 0.6-1.4) (Figure 1). 

Studyy VTE NoVTE OR OR 

n/NN n/N (95% CI Fixed) (95% CI Fixed) 

Firstt DVT stud) 94 86 

Extendedd DVT study 5/58 

PEE study 18/233 

Totall  32/477 

Figuree 1. Odds ratios for travel and venous thromboembolism in patients with suspected deep vein 
thrombosiss (DVT) and pulmonary embolism (PF.) 

Mediann travel time was 7 hours (interquartile range 4-10 hours), and was comparable in the three 

studies.. Odds ratios for cancer and surgery in the two DVT studies were 2.6 (95% CI: 1.8 - 3.9) and 

2.44 (95% CI: 1.6-3.7), respectively. 

Whenn the analysis was restricted to those individuals who were likely to be physically capable of 

travellingg a total of 882 cases and controls were available for analysis. In total, of the I 87 cases, 15 

patientss had travelled (8%). whereas this figure was also 8% in controls (57 of 695). The pooled 

oddss ratio for the association of venous thromboembolism in this subgroup was 0.99 (95% CI: 0.5-

1.8).. The distribution of trav ellers among the cases and controls for the different studies are presented 

inn table 3. 

Iff  different types oftransport were analysed separately, the following pooled odd ratios were observ ed: 

airr travel 1.2 (95% CI: 0.7-2.1); car or bus rides 0.8 (95% CI: 0.4-1.5) and train or boat journeys 1.4 

(95%% CI: 0.2-9.4). 

433 602 

6/112 2 

56/756 6 

105/1470 0 t t 
0.66(0.32-1.38) ) 

1.67(0.49-5.71) ) 

1.05(0.60-1.82) ) 

0.94(0.62-1.42) ) 
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Tablee 3. Individual study odds ratios on the risk of travel and thrombosis for the plausible travel population 

Study y 

firstt DVT study 

fxlendedd DVT studs 

PP.. stud\ 

Patients s 

thromb b 

Numberr of 

patientss who 

travelled d 

4 4 

4 4 
7 7 

withh \enous 

oembolism m 

'Iotall  number 

off  patients 

94 4 

36 6 

57 7 

Patientss without venous 

thromboemb b 

Numberr of 

patientss who 

travelled d 

34 4 

4 4 

19 9 

olism m 

Totall  number 

off  patients 

389 9 

81 1 

225 5 

Oddss ratio 

(95%% CI) 

0.5(0.2-1.3) ) 

2.4(0.6-10) ) 

1.5(0.6-3.8) ) 

Pooledd odds ratio (95% CI): 0.99 (0.5-1.8) 

Tablee 4. Odds ratios on the risk of travel and thrombosis for different duration categories of travelling in 
patientss with suspected venous thromboembolism 

Durationn of travelling 

Numberr of patients 

Patientss with venous 
thromboembolism m 

477 7 

Patientss without venous Pooled odds ratio 
thromboembolismm (95% CI) 

1470 0 

Anyy travel (%) 
Durationn 3-5 hours 
Durationn 6-10 hours 
Durationn 11-15 hours 
Durationn >16 hours 

32*(7%) ) 

9 9 

10 0 

8 8 

05*** (7%) 

44 4 

34 4 

10 0 

8 8 

0.99 (0.6-1.4) 

0.77 (0.3-1.3) 

0.9(0.4-1.8) ) 

2.55 (1.0-6.2) 

1.33 (0.4-4.3) 

forr two patients duration of travel is missing. **  For nine patients duration of travel is missing 

Thee results of the subgroup analysis for the di Herent durations of travelling are presented in Table 

4.. An increased odds ratio of 2.5 (95% CI: 1.0-6.2) was found in the subgroup of 11-15 hours of 

travelling. . 

Discussion n 
Thiss analysis shows that no increased risk is present among long distance travellers, who travel less 

thann 10 hours, for the development of symptomatic venous thromboembolic disease. The pooled 

oddss ratio for venous thromboembolism in recent travellers - which concerns travel with a median 

timee of 7 hours - was 0.9 with an upper limit of the 95% confidence interval of 1.4. No clear 

differencess were observed between patients with deep vein thrombosis and those presenting with 

pulmonaryy embolism. If patients with malignancy: recent surgery, trauma or immobilisation and 

hospitalisedd patients were excluded from the analysis in order to optimise the study population for 
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thosee without conditions which could have influenced travel capacity, again no increased risk was 

detectedd (odds ratio 0.99 (95% CI 0.5-1.8)). Furthermore, separate analyses lor different types of 

transportationn did not alter our findings; odds ratios for air travel were comparable with the odds 

ratioss observed in patients who travelled by other means of transport such as car, bus or train. 

Finally,, when the risk of well established risk factors such as recent surgery or the presence of 

cancerr was assessed, slalisiicaiiy significant differences between cases and controls were observed, 

inn the order of magnitude reported prev iously '. Why are our findings at odds with earlier reports? 

Almostt all previous studies reported on cases with venous thrombosis, in which details about 

travellingg were obtained later " ' " . Others have used substitute outcome measures, such as 

asymptomaticc thrombi of which the relevance in this population is unknown '". It is essential that 

informationn about the potential risk factor is adequately obtained and compared to appropriate 

controls.. In the first published case control study, cases were compared to a control group that 

consistedd of patients hospitalised for different cardiological diseases |7. In this study the percentage 

off  travellers was relatively high because the hospital is located in a tourist area. This percentage 

couldd be spuriously higher in the case group as compared to the control group. In the control group 

theree is a potential bias towards a lower rate of travelling: during their hospital stay patients are 

unablee to travel and before their hospital stay they are less likely to travel because of prodromal 

cardiologiee symptoms. In order to eliminate the influence of such referral bias, it is to be preferred 

thatt both cases and controls are referred in the same manner. In the present pooled analysis both the 

casee and control groups consisted of individuals who were referred for diagnostic work-up because 

off  clinically suspected venous thromboembolism and thus cases and controls are equally exposed 

too travel. Another limitation of the Ferrari study is the fact that the investigators did not adjust for 

possiblee confounders such as prior VTH and obesity, which both have a greater prevalence in the 

casee group as compared to the control group. The fact that no adjustment for possible confounders 

wass made is also the limitation of the Sirius study, in which the odds ratio for travelling was 2.35 

(95%% CI: 1.45 - 3.8) '\ We did not adjust either for every single possible confounder by means of a 

logisticc multivariate analysis. Since our unadjusted odds ratio did not show an association, we believe 

itt is not rational to examine each possible confounder in a multiv ariate regression analysis. It is unusual 

forr an association not seen in the univ ariate analysis to suddenly pop up in the multiv ariate assessment. 

Nevertheless,, we did examine the influence of factors that were likely to atleet our analysis in our 

opinion,, by means of a repeated analysis without these likely confounders and these confounders 

appearedd not to influence the results. We realise that the proportion of 40 percent of in-patients in the 

PFF study was high. However, this does not seem to influence our results since the odds ratio is still 

0.999 after excluding these in-patients in the separate analysis. 
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Wcc purposely investigated consecutive patients referred from the community by their general 

practitionerr or attending physician in order to obtain an optimal representation of the general 

population.. Using an a priori agreed definition of prolonged travelling; the prevalence of recent 

travellingg in the total cohort in the present study was approximately 7%, which was the same in 

subjectss both with and without venous thromboembolism. This figure is in agreement with that 

foundd in earlier reports l>-"\ although Fklof et al. and Ferrari et al. observed a higher prevalence of 

recentt travel in patients with venous thromboembolism. It should be noted how ever that their patients 

weree admitted to a hospital in Hawaii (an island to which Hying is the main means of transportation) 

andd in Nice (close to the second busiest airport in France and in an area very popular for tourists), 

respectivelyy |: ' . Our definition of travel was strict, since it was confined to those journeys, which 

lastedd at least 3 consecutive hours in the previous 4 weeks. 

Recently.. Lapostolle et al. found that a greater distance travelled is a significant risk factor for 

pulmonaryy embolism '.Among 135.2° million passengers, 56 had suffered from pulmonary 

embolismm (= 0.4 cases per million). When these results arc extrapolated to an observation period of 

11 year, approximately 0.6 cases of pulmonary embolism would occur per 1000 passengers, which is 

comparablee to the annual incidence in the normal population of circa 2 per 1000 ; :. This is in 

agreementt with our findings. Two other studies that have recently been published are in accordance 

withh our observations. A case control study among 8.189 World Bank employees (including 4951 

internationall  business travellers) showed an odds ratio of 0,92 (95% CI: 0.43-1.97) among employees 

ww ith 1 travel mission, and an odds ratio of 1.17 (95% CT: 0.61-2.23) for those with 2 or 3 (20). In a 

case-controll  cohort study among 568 consecutive patients with suspected DVT an odds ratio of 1.4 

(95%% CI: 0.7-2.6) was observed for passengers who travelled for more than 3 hours : i . 

Anotherr interesting observation of our analysis concerns the different odds ratios found in the 

vv arious categories of trav el duration. A peak in the odds ratios was observed in the duration category 

off  11-15 hours, the odds ratio in this category was 2.5 (95% CT: 1.0-6.2). Remarkably, the odds 

ratioo decreased to 1.3 (95% CT: 0.4-4.3) when journeys of more than 15 hours were considered. 

Sincee the number of travellers in the longest duration category is rather small, this latter finding 

mayy be the result of chance. 

Somee issues of our study require comment. Although we studied three cohorts with a total of 1947 

consecutivee patients, the number of individuals who actually travelled was relatively small (32 o\' 

4777 cases and 105 of 1470 controls). Nevertheless, given the observed odds ratios and their 95% 

confidencee intervals, it is unlikely that we have missed an important effect of travelling. Another 

concernn is the potential of referral bias, which only regards patients with suspected DVT. Because 

immobilisationn in an upright position may lead to swollen legs, patients with these symptoms who 
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visitt their physician may be referred for further investigation because of suspected DVT. This group 

off  travellers therefore wil l be included in the control group without venous thromboembolism, 

therebyy lowering the odds ratio. We believe however that this bias is not affecting our observations. 

Firstly,, static oedema is commonly bilateral whereas the great majority of patients with suspected 

DVTT presents with unilateral symptoms. Static oedema disappears usually as soon as the calf muscles 

aiee activated and is unlikely present one week later, which was the median time between travel and 

presentation.. Lastly, this bias would not be operative in the PF study. We also realise that there is a 

possiblee bias towards a higher rate of travelling in the control group because the referring doctors 

wil ll  ask patients with suspected VTF about travel because of the alleged relationship. As a 

consequence,, patients who have travelled wil l be more likely referred for diagnostic work-up en 

wil ll  end up in the control group. At this point we would like to bring forward that the same mechanism 

happenss when a patients is referred for suspected DVT after the doctor has asked about surgery or 

malignancy.. For these risk factors we were able indeed to detect increased odds ratios. 

Inn conclusion, our study indicates that there is no clear increased risk of leg vein thrombosis nor 

pulmonaryy embolism among the average long distance traveller. Further study may be required in 

thosee passengers travelling for more than 10 hours, in particular with the presence of other risk 

factorss of venous thromboembolism. 
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