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Abstract: The large availability of computers (personal, laptop and tablet) has revolutionized human 
life more than any other discovery or invention over the past century. Nevertheless, prolonged use of 
computers may both directly and indirectly promote the onset of some serious human pathologies, thus 
including venous thromboembolism (VTE). Convincing epidemiological and biological evidence has been 
published that computer-related thrombosis (also known as “e-thrombosis”) should now be regarded as 
an independent clinical entity, deserving enhanced healthcare focus and interventions, due to the growing 
worldwide diffusion of computer devices, which may ultimately contribute to enhance the risk of computer-
related thrombosis, and turn it from a relatively rare disease to a noticeably frequent pathology. A set of 
preventive measures can thus be suggested, such as designing and setting up ergonomically suitable computer 
workstations, using comfortable sitting positions, avoiding long and uninterrupted computer-seated 
immobility, and avoiding the wearing of restrictive clothing on the legs. Reinforced measures should then 
be advised in patients with acquired, or inherited prothrombotic conditions, in whom the risk of computer-
related thrombosis may be substantially magnified. 
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Introduction

The considerable advancements and large geographic 
and localized diffusion of information technology (IT) 
and computers has revolutionized human life more than 
any other discovery or invention over the past century. 
Although there is a widespread perception that computers 
have brought considerably more advantages than risks to 
mankind (thus including “e-health”) (1), the technology has 
also brought about a number of challenges and potential 
dangers to human health. Beside computer addiction, which 
has recently been recognized as a global health care issue by 

the World Health Organization (WHO) (2), the long-term 
use of computers may directly promote the development of 
several serious diseases, including computer vision syndrome, 
sleep and metal disorders, accidental injuries along with 
musculoskeletal problems, such as carpal tunnel syndrome (2).  
Nevertheless, the prolonged use of computers may also be 
seen as an important risk for developing many biological 
and metabolic dysfunctions, including those consequent 
to physical inactivity, obesity and hypertension (2).  
Among the many and multifaceted disturbances that 
prolonged computer usage may carry, is also the risk 
of developing venous thromboembolism (VTE), thus 
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including both deep vein thrombosis (DVT) and pulmonary 
embolism (PE), a situation that is widely misrecognized or 
overlooked.

The term “e-thrombosis” was originally coined by 
Beasley et al. in 2003 (3), who put forward the hypothesis 
that the increasing diffusion of computers for work or 
recreational activities would have dramatically enhanced the 
epidemiological burden of seated immobility thrombosis. 
Soon thereafter, the trueness of this assumption was 
substantiated by a series of case reports, and clinical studies, 
which have provided clear and solid evidence, that long 
seated immobility while using computers should now be 
regarded as a major contributing factor of acute VTE. 
Therefore, the aim of this article is to provide a narrative 
update on computer-related thrombosis, delivering also 
potentially useful suggestions for preventing this rare but 
potentially lethal “syndrome”.

Epidemiology computer-related thrombosis

The very first case of VTE associated with prolonged 
sitting, described by Homans, more than 60 years ago (4), 
was at a time when the modern personal computers 
were still in infancy. This is when the relatively short 
history of e-thrombosis began, with the description of 
some case reports in the early 2000s. As later followed by 
the publication of epidemiological investigations, these 
helped to provide a clearer picture on the epidemiology of 
e-thrombosis.

Case reports

As mentioned earlier, the term e-thrombosis was coined 
by Beasley et al. in 2003 (3), who described the case of 
a 32-year-old man who developed an extensive bilateral 
proximal PE. The investigation of the potential risk factors 
for VTE had revealed that the patient spent over 12 hours 
per day (up to 18 hours occasionally, 6 of which without 
standing up) working at his personal computer. This 
original case report was then followed by many others, as 
summarized in Table 1 and briefly discussed in the following 
part of this section.

Soon after the first report, Ng et al. described the case of 
a 12-year-old boy who developed DVT of the left popliteal 
vein with proximal extension to the distal superficial femoral 
vein, which was attributed to prolonged immobility (for up 
to 4 hours a day) while playing computer games (5). Another 
case of fatal PE was then reported by Lee in a 24-year-old 

man, who had spent 80 consecutive hours seated playing 
computer games (6). Chew described the case of a 16-year-
old boy who was diagnosed with acute PE, complicated by 
right middle lobe pulmonary infarction, after several sessions 
of computer gaming lasting approximately 3 hours (7).  
Notably, the patient had also a previous history of bilateral 
DVT, also developed after prolonged computer gaming 
sessions.

Kim et al. described the case of a 36-year-old man who 
was diagnosed with massive PE after playing computer 
games (seated) for approximately 12 hours per day for  
2 weeks (8). In 2011, Elikowski et al. described as many 
as 6 cases of computer-related thrombosis (9). Briefly, 
the first case was a 19-year-old man who developed VTE 
after playing for 12 consecutive hours (up to 4 hours 
uninterrupted) of computer games, the second case was 
a 30-year-old man who developed VTE after working 
at his computer for 12 consecutive hours (up to 4 hours 
uninterrupted), the third was a 19-year-old woman who 
developed VTE after playing for 14 consecutive hours 
(up to 5 hours uninterrupted) computer games and 
internet surfing, the fourth was a 23-year-old woman who 
developed VTE after having prepared for an examination 
using her computer for 16 consecutive hours (up to  
5 hours uninterrupted), the fifth was a 50-year-old male 
radiologist who developed VTE after remaining seated 
for 12 consecutive hours (up to 3 hours uninterrupted) 
working at a computer, whilst the sixth was a 68-year-old 
man who developed VTE after using his computer for up 
to 16 consecutive hours (up to 4 hours uninterrupted) for 
professional education.

Chung et al. then described the case of a 30-year-old 
woman who was diagnosed with cerebral venous sinus 
thrombosis after prolonged sitting (i.e., for over 12 hours) 
in front of her personal computer (10). Chang et al. also 
reported the case of 31-year-old man who developed an 
extensive DVT in the left leg, after having spent as many as 
8 hours per day, for 4 consecutive days, playing computer 
games (11). Braithwaite et al. described the case of a 
42-year-old man who developed bilateral pulmonary emboli 
accompanied with right heart strain, after having spent  
48 consecutive hours playing on-line computer games, 
leaving his chair just for toilet breaks (12). More recently, 
Doctor and Seth described two other cases of venous 
thrombosis developing after prolonged computer use (13).  
The former case was a 50-year-old male, software 
professional, who developed a DVT in the iliac, femoral 
and popliteal veins of the left leg after having worked on his 
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computer for 12 consecutive hours, with less than 4 breaks. 
The latter case was an 18-year-old girl who developed a 
DVT in the iliac, femoral and saphenous veins of the left 
leg after having spent many hours working at her computer. 
Braithwaite et al. described another case of a 44-year-old 
man who developed a severe PE at the bifurcation of the 
right main pulmonary artery, progressing into the lobar and 
segmental arteries and accompanied by pulmonary infarction, 

after having spent 36 hours (remaining seated for up to  
12 consecutive hours) playing on-line computer games (14). 
Kohorst et al. described four additional cases of severe PE 
in adolescents who had recently spent a long time playing 
computer games before the acute thrombotic event (15).  
The first of these was a 18-year-old obese boy who was 
diagnosed with bilateral pulmonary emboli complicated by 
right lower pulmonary lobe infarction after having spent up 

Table 1 Summary of case reports on computer-related thrombosis

Authors Patient Type of thrombosis Trigger

Beasley  
et al., 2003 (3)

32-year-old man Severe bilateral PE 12 consecutive hours per day spent working at computer

Ng et al.,  
2003 (5)

12-year-old boy DVT in the left leg 4 consecutive hours a day spent playing computer games

Lee, 2004 (6) 24-year-old man Fatal PE 80 consecutive hours spent playing computer games

Chew, 2006 (7) 16-year-old boy Massive PE 3–4 consecutive hours spent playing computer games

Kim et al.,  
2009 (8)

36-year-old man Massive PE 12 consecutive hours spent playing computer games

Elikowski  
et al., 2011 (9)

19-year-old man Unspecified VTE 12 consecutive hours spent playing computer games

30-year-old man Unspecified VTE 12 consecutive hours spent working at his computer

19-year-old woman Unspecified VTE 14 consecutive hours spent playing computer games and surfing

23-year-old woman Unspecified VTE 16 consecutive hours spent at her computer preparing an exam

50-year-old man Unspecified VTE 12 consecutive hours spent working at his computer

68-year-old man Unspecified VTE 16 consecutive hours spent working at his computer

Chung et al., 
2013 (10)

30-year-old woman Cerebral venous sinus 
thrombosis

More than 12 consecutive hours spent working at computer

Chang et al., 
2013 (11)

31-year-old man Extensive DVT in the 
left leg

8 hours per day, for 4 consecutive days, spent playing computer games

Braithwaite  
et al., 2014 (12)

42-year-old man Massive PE 48 consecutive hours spent playing on-line computer games

Doctor et al., 
2018 (13)

50-year-old man Extensive DVT in the 
left leg

12 consecutive hours spent working at his computer

18-year-old woman Extensive DVT in the 
left leg

Many consecutive hours spent working at her computer

Braithwaite  
et al., 2018 (14) 

44-year-old man Severe PE 36 consecutive hours spent playing on-line computer games

Kohorst et al., 
2018 (15)

18-year-old boy Bilateral PE 12 consecutive hours spent playing on-line computer games

15-year-old boy Left leg DVT and PE 4–12 consecutive hours per day spent playing on-line computer games

13-year-old boy Left lower lobe PE Many consecutive hours per day spent playing on-line computer games

17-year-old boy Left proximal femoral 
DVT and bilateral PE

Many consecutive hours per day spent playing on-line computer games

DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.
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to 12 consecutive hours per day playing computer games; 
the second was a 15-year-old obese boy who developed 
acute DVT in the veins of left upper calf followed by PE 
in the right pulmonary artery after having spent between 
4–12 hours per day playing computer games; the third 
was a13-year-old obese boy who developed a left lower 
lobe PE, after having played computer games for several 
consecutive hours each day; whilst the fourth was a 17-year-
old obese boy who was diagnosed with left proximal femoral 
DVT and bilateral basilar PE complicated by pulmonary 
infarction after having spent several hours playing computer 
games.

Albeit not directly related to computer-related 
immobility, it is also worthwhile mentioning here that an 
atypical case of upper limb DVT has been described by 
Phipps and Ng and in a 33-year-old man, who spent long 
periods playing with his gaming console in an unusual 
position (16).

Epidemiological studies

Along with the many cases described in the previous section 
of this article, some notable epidemiological investigations 
have also been published, as summarized in Table 2. The 
first article, published by West et al. in 2008, was a cross-
sectional study that was based on 97 patients with VTE, and 
106 healthy people as a control (17). In the final multivariate 
model, prolonged seated immobility at work (thus including 
time spent seated at a personal computer for more than 
8 hours) was associated with a 1.8-fold higher risk [odds 
ratio (OR), 1.8; 95% confidence interval (CI), 0.71–4.80] of 

VTE. Notably, each 1 hour of seated immobility was found 
to enhance the cumulative risk of VTE by 10% (OR, 1.1; 
95% CI, 1.0–1.2). 

Aldington et al. then studied 61 patients with a recent 
diagnosis of VTE (18), and reported that 21/61 (34%) of 
these experienced prolonged seated immobility at work 
(i.e., between 8 and 14 consecutive hours, between 1 to  
5 of which was without getting up) before the event. Most 
of these patients (14/21; 67%) were using computer devices.

Healy et al. performed a cross-sectional study that 
was based on the 197 VTE patients, and the 197 subjects 
admitted to a coronary care unit with conditions other than 
VTE who served as the control group (19). Prolonged, 
computer-related, seated immobility (i.e., for more than  
10 hours) was found to be more frequently present in VTE 
cases than in controls (16.8% versus 9.6%; P=0.040). In 
multivariate analysis, prolonged computer-related seated 
immobility was associated with a 2.8-fold higher risk  
(OR, 2.8; 95% CI, 1.2–6.1) of VTE. Overall, the VTE 
risk was found to be enhanced by 10% (OR, 1.1; 95% CI,  
1.0–1.2) for each additional hour spent seated at a computer.

Suadicani et al. carried out a large dynamic cohort study 
based on the two groups of subjects with characteristically 
sedentary (n=105,564) and typically dynamic (n=283,966) 
jobs (20). Overall, 77 cases (0.07%) of fatal PE were 
recorded in the sedentary work group, when compared to 
the 167 cases (0.06%) of subjects with a more active work 
style. In multivariate analysis, sedentary work was associated 
with a 28% higher risk of developing PE [relative risk (RR), 
1.28; 95% CI, 0.97–1.67; P=0.04 in one-sided test].

More recently, Braithwaite et al. carried out another 

Table 2 Summary of epidemiological studies on computer-related thrombosis

Authors Study population
Definition of prolonged seated 
immobility at computers

Risk of VTE

West et al., 
2008 (17)

97 patients with VTE and  
106 healthy controls

>8 hours per day 1.8-fold higher risk

Aldington  
et al., 2008 (18)

61 patients with a recent 
diagnosis of VTE

>8 hours per day 21/61 (34%) patients reported prolonged 
seated immobility (14/21, 67% computer use)

Healy et al., 
2010 (19)

197 patients with VTE and  
197 controls

>10 hours per day 2.8-fold higher risk

Suadicani  
et al., 2012 (20)

105,564 subjects with sedentary 
work and 283,966 subjects with 
more dynamic job

Sedentary job defined according 
to the International Standard 
Classification of Occupations

1.28-fold higher risk

Braithwaite  
et al., 2016 (21)

200 patients with VTE and  
200 controls

>10 hours per day 1.08-fold higher risk per hour spent seated at a 
computer

VTE, venous thromboembolism.
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cross-sectional study, which included 200 patients with 
a VTE episode that was diagnosed over the previous  
6 months. It also included 200 control group individuals, 
who had been treated for an upper limb injury during 
the same period of time (21). Although the frequency 
of prolonged computer-related seated immobility 
was almost identical between the tested cases and the 
control group (18% versus 16%; P=0.50), a subsequent 
multivariate analysis revealed that work/computer seated  
immobility (per hour) was associated with an 8% higher risk 
(OR, 1.08; 95% CI, 1.01–1.60) of developing VTE. 

Physiopathology of computer-related thrombosis

The leading assumptions of venous thrombosis have 
been originally formulated by the German physician 
Rudolf Virchow, more than 160 years ago (22). Briefly, 
the generation of venous blood clots is fostered by the 
presence of the three leading and synergistic mechanisms, 
represented by venous blood stasis, hypercoagulability 
and endothelial dysfunction/injury (23), and can then be 
triggered by a variety of conventional, or atypical factors 
(24,25). Usually, along with the existence of new convincing 
epidemiological evidence, the next essential step for 
reasonably linking a putative risk factor to given clinical 
outcome necessitates the identification of one or more 
plausible biological links. Therefore, the basic assumption 
here, is that prolonged computer seated immobility should 
lead or predispose, to developing one or more of the three 
components of the so-called Virchow’s triad.

Regarding venous blood stasis, Levin et al. carried 
out an elegant study on 12 healthy subjects, who all had 
their popliteal vein blood flow assessed by the means of a 
Doppler ultrasound, while being prone or seated with legs 
in different positions (i.e., flexed at either 90° or 120°) (26). 
Although there was no difference in peak systolic velocity 
that could be observed between the two sitting positions, 
a considerable reduction of popliteal vein blood flow (i.e., 
between 83–87%) was found between the prone, and either 
sitting position. Similar data was published by Hitos et al. (27),  
who measured the blood flow in the popliteal vein of  
22 subjects, and found a blood flow reduction of 1.4- and 
2-fold in a conventional sitting position and while being 
seated motionless with the feet not touching the ground, 
respectively. Most notably, original blood flow could be 
restored by performing foot exercises.

The development of hypercoagulabil ity during 
prolonged permanence in a seated position has also been 

convincingly reported in many studies. Schobersberger et al.  
investigated coagulation and fibrinolysis biomarkers in 19 
healthy subjects prior to, during, and immediately after a 
10-hour bus travel (28), and found a significant activation 
of blood coagulation by thrombelastography assessment, 
combined with a significant increase of prothrombin 
fragment F1+2 values after the journey. Notably, significant 
venous stasis could also be observed, as mirrored by 
enhanced leg volume, especially in the calf. Howard et al. 
studied the effect of either interrupted or uninterrupted 
5-hour sitting on some coagulation parameters in  
19 sedentary, middle-age, overweight adults (29). Overall, 
uninterrupted sitting was effective to significantly increase the 
plasma concentration of fibrinogen to a much larger extent 
than interrupted sitting (i.e., +0.24 g/L versus +0.07 g/L;  
P<0.05), whilst no other significant changes could be 
observed in D-dimer, von Willebrand factor and activated 
partial thromboplastin time (APTT) values. Interestingly, 
a remarkable hemoconcentration was also noted, with 
hemoglobin concentration displaying a ~1.5-fold increase 
during uninterrupted compared to interrupted sitting. 
Similar evidence was also reported by Lippi et al. (30), who 
investigated the changes of APTT and fibrinogen values 
in 19 healthy subjects, after remaining supine for 25 min, 
seated for 20 min and upright for 20 min. The change from 
supine to sitting position induced a significant increase of 
fibrinogen concentration (from 2.20 to 2.27 g/L; +3%), 
whilst the value of APTT remained virtually unchanged. 
Interestingly, Kabrhel et al. studied a total of 4,346 patients 
who were admitted to the emergency department for 
suspected PE (31), and reported that history of immobility 
was significantly associated with D-dimer values, which 
exhibited a 50–60% increase across different categories of 
immobility.

Even stronger appears the relationship between 
maintaining prolonged sitting positions and endothelial 
dysfunction. In a recent review, Thosar et al. has collected 
a large volume of supporting data, to confirm that a 
prolonged sitting position may contribute to enhancing 
stress in the legs, increasing oxidative stress, and finally 
impairing endothelial function (32). This evidence was 
then confirmed in the recent study of Restaino et al. (33), 
who showed an impaired flow-mediated dilation in the legs 
after 3 hours of immobility in seated position. Interestingly, 
Morishima et al. also demonstrated that the endothelial 
dysfunction in the legs following prolonged sitting could be 
prevented by short bouts of leg movements (34). Virtually 
identical findings were published earlier by Thosar et al. (35), 
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who also observed that a 3-hour sitting posture induced 
a substantial impairment of shear rate and flow-mediated 
dilation, both potentially preventable by light activity 
breaks.

Likewise thrombosis developing during or immediately 
after long-haul travels (36,37), it seems reasonable to 
conclude that computer-related immobility may be 
regarded as an independent prothrombotic risk factor, and 
that its impact on the cumulative risk of developing venous 
clots and thromboembolism will be predictably magnified 
by the presence of one or more, acquired or inherited, 
prothrombotic conditions, including obesity (Figure 1). 
This hypothesis has been persuasively substantiated by the 
results published by Siniarski et al. (38). The authors studied 
493 patients with a previous episode of VTE, and showed 
that the thrombotic risk, which was resulting from seated 
immobility, was substantially enhanced in patients bearing 
Factor V Leiden, prothrombin G20210A polymorphism or 
after protracted computer usage.

Rationale prevention of computer-related 
thrombosis

Although e-thrombosis is still be regarded as a relatively rare 
disorder (i.e., with a cumulative frequency <1:2,000) (39),  
the use of personal computers has consistently grown 
during the past 20 years, with worldwide sales having 
nearly doubled from the year 2000 (i.e., 134.7 million) to 
present time (259.4 million in the year 2017), reaching a 
peak around the years 2009–2012, and slightly declining 
afterwards due to a growing market and increasing usage 
of smartphones and tablet computers (40). Notably, 
the cumulative shipment of desktop, laptop and tablet 
computers is predicted to increase to nearly 400 million 

units in the year 2020, and it is hence predictable that 
the burden of e-thrombosis will increase further, since 
approximately 80% of users are expected to spend a large 
part of their life working, playing or internet surfing with 
these devices in the next decade (41). This far-reaching 
prediction will project the epidemiology of e-thrombosis far 
ahead than that of a “rare disease”, thus urgently calling for 
the establishment of a set of preventive measures aimed at 
lowering the risk of thrombosis caused by computer-related 
seated immobility. Notably, alertness about such risk has 
already been raised for certain work practices, encompassing 
several hours of the day which are spent working with 
computers (e.g., radiology) (42).

Although it may seem paradoxical to link immobility 
with travels, the potential suggestions for preventing 
computer-related thrombosis are not really different from 
those that can be formulated for preventing other forms 
of seated immobility thrombosis, such as the well-known 
“traveler’s thrombosis” which typically develops during, 
or immediately after, long haul flights or prolonged car 
journeys (37,43) (Table 3). These tentative recommendations 
basically entail designing, and setting up ergonomically 
suitable computer workstations, using comfortable sitting 
positions, avoiding long, computer-seated immobility, and 
avoiding wearing restrictive clothing on the legs. Reinforced 
measures should additionally be advisable in patients 
with acquired, or inherited prothrombotic conditions. 
Interestingly, Sherman and Hedge reported that lower leg 
circulation may be significantly improved, and perhaps 
the risk of thrombosis reduced, by placing the feet on a 
dynamic footrest which passively moves the lower limbs (44). 
Development of these tools may hence be seen as a valuable 
perspective for lowering the risk of computer-related 
thrombosis, similarly to the use of mechanical prophylaxis 
in patients with forced immobility of lower limbs (i.e., 
during prolonged bedridden, after surgery) (45).

Conclusions

Convincing epidemiological and biological evidence now 
exists that computer-related thrombosis (i.e., e-thrombosis) 
should be regarded as an independent clinical entity, 
deserving enhanced healthcare focus and interventions, 
due to the growing worldwide diffusion of laptops, and 
personal or tablet computers. Special attention should be 
paid to the youth (15,46) and perhaps to men, since most 
cases of computer-related VTE have been described in male 
subjects playing computer games. Although the incidence 

Figure 1 The biological basis of computer-related thrombosis. 
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of VTE is relatively low in childhood and adolescence (i.e., 
typically lower than 5 per 100,000), the increasing addition 
of internet surfing and computer game playing, may 
contribute to the change of fate for e-thrombosis, and turn 
it from a rare disease to a noticeably frequent pathology (47).
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