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Abstract
The risk of thromboembolism (TE) is increased in patients with inflammatory 
bowel disease (IBD), mainly due to an increased risk of venous TE (VTE). The risk 
of arterial TE (ATE) is less pronounced, but an increased risk of cardiovascular 
diseases needs to be addressed in IBD patients. IBD predisposes to arterial and 
venous thrombosis through similar prothrombotic mechanisms, including 
triggering activation of coagulation, in part mediated by impairment of the 
intestinal barrier and released bacterial components. VTE in IBD has clinical 
specificities, i.e., an earlier first episode in life, high rates during both active and 
remission stages, higher recurrence rates, and poor prognosis. The increased 
likelihood of VTE in IBD patients may be related to surgery, the use of 
medications such as corticosteroids or tofacitinib, whereas infliximab is antith-
rombotic. Long-term complications of VTE can include post-thrombotic syndrome 
and high recurrence rate during post-hospital discharge. A global clot lysis assay 
may be useful in identifying patients with IBD who are at risk for TE. Many VTEs 
occur in IBD outpatients; therefore, outpatient prophylaxis in high-risk patients is 
recommended. It is crucial to continue focusing on prevention and adequate 
treatment of VTE in patients with IBD.

Key Words: Inflammatory bowel disease; Thrombosis; Coagulation; Bacterial components; 
Prophylaxis; Post-thrombotic syndrome
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risk for venous thromboembolism  (VTE) than patients with other inflammatory and 
immune-mediated diseases. The prevalence of arterial vascular disease is also higher in 
IBD. Inflammatory and molecular aspects of coagulation cascades are strictly linked 
and share several common mediators, including bacterial components as a possible link 
between intestinal microbiota and coagulation. We explored risk factors of thrombosis 
in IBD including clinical specificity, fibrin clot phenotype, Clostridium difficile 
infection, medication and surgery. We also present long-lasting thromboembolic 
complications and consider the advantage of post-discharge VTE prophylaxis.

Citation: Stadnicki A, Stadnicka I. Venous and arterial thromboembolism in patients with 
inflammatory bowel diseases. World J Gastroenterol 2021; 27(40): 6757-6774
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6757.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6757

INTRODUCTION
Inflammatory bowel disease (IBD) includes ulcerative colitis (UC) that primarily 
involves the large intestine, and Crohn’s disease (CD) that may affect any part of the 
gastrointestinal tract, from the oral cavity to the rectum. However, about 20%–30% of 
IBD cases are associated with manifestations in other organs[1]. Venous thromboem-
bolism (VTE) is a common extraintestinal complication in CD and UC, which is related 
to significant morbidity and mortality[2,3].

The number of hospitalizations of adults with VTE in the USA was estimated at 
more than 500 000 individuals each year, and 100 000 deaths are attributed to VTE 
annually, as indicated by data from the National Hospital Discharge Survey[4]. VTE is 
the third most common cause of vascular death after myocardial infarction and stroke. 
In recent years, there have been a growing number of reports on the VTE mechanism, 
risk factors, including medication and surgery, and the management of IBD patients. 
In light of the recent evidence, this review is focused on prothrombotic factors of VTE 
and arterial thromboembolism (ATE) and clinical complications of thrombotic events 
in patients with IBD, and summarizes the approach to the prevention during hospital-
ization and in the post-discharge period, and treatment of VTE in IBD.

EPIDEMIOLOGY AND LOCATION OF VTE
Population–based cohort studies have shown that patients with IBD seem to have an 
approximately threefold increased risk for developing VTE compared to the general 
population, and this relative risk is significantly higher during active IBD[2,3,5-7]. In 
their cohort study, Bernstein et al[5] found that the incidence rate of deep venous 
thrombosis (DVT) was 31.4/10000 person-years and the incidence rate of pulmonary 
embolism (PE) was 10.3/10000 person-years in CD, while the incidence rates were 
30.0/10000 person-years for DVT and 19.8/10000 person-years for PE in UC. In an 
Austrian multicenter study, the incidence rate of all VTE was 6.3 per 1000 person-
years, which was similar to the rate reported in the earlier study[7]. The incidence of 
VTE increases with age. However, no significant sex-related differences have been 
found[7,8]. The mortality associated with IBD-related VTE ranges from 8% to 22%[9,
10]. Nguyen and Sam showed a significant, 2.5-fold-increased odds [odds ratio (OR): 
1.83–3.43] of mortality associated with VTE-related hospitalization in patients with 
IBD compared to patients without VTE[2] .

In terms of VTE location, DVT of the lower extremity and PE are the most common 
VTE complications in IBD. However, VTE may occur in the abdominal (portal, 
mesenteric and splenic) veins[11]. VTE is also reported in the arm vein, and unusual 
sites such as the retinal vein, and cerebral sinus veins[7,12]. In an Austrian multicenter 
study among patients with IBD with a history of VTE, 90.4% of patients presented 
with DVT and/or PE, whereas 9.6% had portal, mesenteric, cerebral or internal jugular 
vein thrombosis[7]. The most commonly applied procedures for diagnosis of DVT 
include ultrasound and venography[13,14].Ventilation-perfusion scan and multide-
tector helical computer axial tomography are tools for the diagnosis of PE[14].

https://www.wjgnet.com/1007-9327/full/v27/i40/6757.htm
https://dx.doi.org/10.3748/wjg.v27.i40.6757
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ATE COMPLICATIONS
ATE occur less frequently than VTE in IBD, including the limb arteries, and even 
central vessels including the aorta[15-17]. In the past few years, studies have suggested 
that patients with IBD might also be at an increased risk of coronary heart disease and 
stroke[16,18]. In a recent meta-analysis, IBD was associated with a modest increase in 
the risk of cerebrovascular disease incidence [hazard ratio (HR: 1.29)], in both CD (HR: 
1.32) and UC (HR: 1.18)[18]. In another meta-analysis, patients with IBD were 
associated with a modest increase in the risk of coronary artery disease (OR: 1.19) in 
patients with CD and UC[19]. After adjusting for potential confounders, the meta-
analysis of five studies revealed an 18% higher risk of cerebrovascular events in both 
CD and UC, with no significant differences between the two forms, but a higher risk 
for women compared to men [OR: 1.28 adjusted, 95% confidence interval (CI): 
1.17–1.41]. No increased risk of ATE was found in a French study, including 33 studies 
with a large cohort of hospitalized IBD patients and controls. However, an increased 
risk of coronary heart disease and mesenteric ischemia was found[20]. An increased 
risk for potentially life-threatening arterial vascular diseases in patients with IBD also 
requires assessment of conventional risk factors such as hypertension, obesity, 
diabetes and dyslipidemia. However, typical cardiovascular risk factors other than 
hypertension have not been confirmed in IBD[21].

ETIOPATHOGENESIS OF VTE AND ATE IN IBD
Impairment of hemostasis in patients with IBD 
Unregulated activation of the coagulation system may cause thrombosis or embolism. 
Local hemostasis is initiated when chronic inflammation, surgery or trauma disrupts 
the vascular endothelial lining, and blood is exposed to subendothelial connective 
tissue. In primary hemostasis, a platelet plug is formed, and then plasma coagulation 
proteins are activated to initiate secondary hemostasis. The complex of tissue factor 
(TF) and active factor VII is the most important initiator of coagulation. Activation of 
coagulation results in thrombin generation, and in turn may generate fibrin formation 
as well as platelet activation via the cleavage of and binding to thrombin receptors 
(Figure 1)[22]. Several authors have indicated systemic evidence for impairment of 
fibrinolysis and intravascular thrombin generation in patients with IBD to measure 
prothrombin fragments (formed during the conversion of prothrombin to thrombin, 
F1+2) and thrombin–antithrombin complexes[23,24]. The plasma level of protein C, a 
natural coagulation inhibitor, has been shown to be unchanged or decreased in IBD[25,
26], while its decreased cofactor, the protein S plasma level, was demonstrated in most 
studies[27]. Importantly, in some studies, thrombin-activatable fibrinolysis inhibitor 
(TAFI) which provides a link between coagulation and fibrinolysis, has been found to 
be increased in patients with IBD[28,29]. Activated by thrombin, TAFI removes lysine 
residues from fibrin, which is essential for plasmin formation in the fibrin network, 
and in turn inhibits fibrinolysis, which contributes to the prothrombotic state. Elevated 
D-dimer levels were found mainly in active IBD patients, which provides evidence of 
fibrin formation and reactive fibrinolysis (Figure 1)[24,25].

The increased platelet count correlates with IBD activity, and higher platelet count is 
even proposed to distinguish IBD from infectious diarrhea. Abnormal platelet 
aggregation in vitro, and activation in vivo are found in both active and inactive IBD[24,
25,30]. Thus, platelet activation is a feature of IBD, and along with thrombocytosis, it 
may have a role in the development of thrombosis. Systemic endothelial cell dys-
function has been reported in UC and CD. Serum concentration of von Willebrand 
factor and thrombomodulin level, which are the markers of vascular injury, are also 
increased in the serum of IBD patients in relation to the disease activity[31,32]. In their 
large epidemiological study, Thompson et al[33] indicated an opposite approach 
showing that IBD occurred less frequently as expected in large cohort patients with the 
main inherited coagulation deficiency disorders, including hemophilia or von 
Willebrand disease.

Mutual activation of coagulation and inflammation in IBD
Activation of coagulation is a significant constituent of the inflammatory response and 
probably is involved in the pathogenesis of IBD[34,35]. Proinflammatory cytokines, 
such as tumor necrosis factor-α (TNF-α) and interleukin-1 (IL-1), which are elevated in 
circulation and intestinal lesions in IBD, may initiate coagulation by induction of the 
TFs in monocytes/macrophages, endothelial cells and platelets. IL-1 and TNF–α are 
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Figure 1 Diagram of the main pathways of the hemostatic process. Solid arrows designate activation, dashed arrows conversion, open arrow indicates 
release, and interrupted lines indicate inhibition. EC: Endothelial cell; M: Monocyte; MP: Microparticle; PL: Platelet; TF: Tissue factor; TAFI: Thrombin activatable 
fibrinolysis inhibitor; FDP: Fibrin degradation product.

capable of inducing procoagulant activity and suppressing the anticoagulant activity 
of thrombomodulin, in part due to a downregulation of endothelial protein C receptor, 
which is expressed normally by endothelial cells[36]. In addition, the cell components, 
known as microparticles, are found in plasma of adult and pediatric IBD patients[37-
39]. There are vesicles of cell membranes mainly from activated platelets with the 
expression of TFs on their surface, suggesting their role in the activation of 
coagulation. Importantly, platelets may mediate leukocyte recruitment to the inflamed 
colon via surface CD40 ligand (CD40L). Danese et al[40] found an increased platelet 
expression of CD40L, and an increased plasma level of platelet soluble CD40L in both 
UC and CD compared to normal controls. Taken together, it seems that platelets are 
involved in hemostasis and thrombosis. They also act as inflammatory cells in IBD.

Evidence suggests that thrombin may, in turn, mediate and amplify inflammatory 
cascades in IBD via activating protease activated receptors (PARs), which have been 
identified as mediators of cellular responses, especially in the context of a link between 
coagulation and inflammation. Thrombin is an essential mediator of PAR activation as 
this enzyme can activate PAR1, 3 and 4, and in turn mediate detrimental cellular 
effects, especially barrier disruption in endothelial cells[41]. In addition, recent studies 
have shown that the protein C pathway is expressed not only in endothelial cells of the 
mucosal microvasculature, but also in intestinal epithelial cells and plays a unique role 
in controlling the integrity of tight junctions[42]. Expression of epithelial protein C 
pathway is altered in patients with CD and UC, which may enhance intestinal 
permeability[43].

Due to the overlapping risk factors, patients with VTE are at increased risk for 
arterial thrombotic events, including coronary heart disease and stroke. Endothe-
liopathy and abnormalities in the coagulation cascade and their cellular components 
play a role for the development of VTE and ATE. A growing number of studies have 
indicated that patients with IBD are at an increased risk of developing cardiovascular 
disease (CVD). Both diseases are chronic inflammatory conditions and share certain 
pathophysiological mechanisms that may influence each other. High levels of 
cytokines, C-reactive protein, and homocysteine in IBD patients may lead to 
endothelial dysfunction, which is an early sign of atherosclerosis. Platelet–leukocyte 
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interaction and an increased CD40/CD40L system may be important links in the 
generation of atherosclerosis and IBD[40]. Higher levels of coagulation factors and an 
increased number of activated circulating platelets frequently occur in IBD, which may 
predispose to ATE events[32].

Bacterial components and gut microbiota
Endotoxins (lipopolysaccharide; LPS) are glycolipids found on the outer membrane of 
Gram-negative bacteria, which originate from the intestine and may activate receptors 
in monocytes, endothelial cells and platelets directly or via augmentation of cytokines, 
promoting a procoagulant state. The epithelium of the intestine creates a barrier to 
potentially immunogenic and noxious factors, including microorganisms and dietary 
components within the intestinal lumen. Luminal proteases include the host’s 
digestive enzymes and the proteases released by the microbiota. PAR1 and PAR2 are 
expressed throughout the gastrointestinal (GI) tract[41]. Although PARs are 
traditionally known to affect several vascular responses, recent studies have indicated 
the functional role of PAR signaling in the GI tract. Proteases A, either from the gut 
lumen or from the mucosa, are capable of activating PARs, thus influencing gut 
permeability regulation[44].

Both endothelial cells and platelets possess innate immunity receptors, such as Toll-
like receptors (TLRs). After being activated by bacterial components, TLR2 and TLR4 
promote cell activation and the subsequent release of different procoagulant molecules
[45,46]. The role of the impairment of the intestinal barrier has been recently indicated 
by Pastorelli et al[47] who showed that LPS level increased in systemic circulation of 
IBD patients and correlated with TLR4 concentrations in both active and remission 
phases of IBD. Simultaneously, serum LPS level correlated with both D-dimer and 
F1+2 levels, which supports the role of the impairment of the intestinal barrier in 
triggering the activation of the coagulation cascade in IBD. In fact, LPS might act as the 
link between the microbiome and hypercoagulability.

Gut microbiome and TE
Recent reports have suggested that alterations in gut microbiome due to a decrease in 
commensal anaerobic bacteria and an increase in the abundance of the Gram-negative 
Enterobacteriaceae family may increase the risk of TE[48]. It was found that dietary 
nutrients, such as choline, carnitine and butyrobetaine, common in a western diet, can 
be used by gut microbes to produce trimethylamine (TMA), which is converted into 
TMA N-oxide (TMAO)[49]. Clinical studies have revealed that TMAO level is 
associated with thrombotic risk of CVD[49-51]. The mechanisms in which TMAO may 
enhance CVD risk include endothelial cell activation and vascular inflammation, as 
well as alterations in tissue sterol metabolism[50]. A recent study has revealed that gut 
microbes directly contribute to platelet hyper-reactivity through generation of TMAO 
and increased plasma TMAO levels independently predicted the event of thrombosis
[51]. Patients with IBD show microbial imbalance, and a less diverse gut microbiome 
compared to healthy individuals[52]. Currently, there are no data showing metabolic 
pathways by specific gut microbiota in IBD that might cause the risk of thrombosis.

RISK FACTORS OF THROMBOEMBOLIC COMPLICATIONS IN IBD
Disease activity and hospitalization 
Several IBD-specific risk factors are responsible for the increased risk of VTE, 
especially in hospitalized IBD patients, which in part may reflect periods of increased 
inflammation[2,3,53]. The disease phenotype, e.g., pancolitis in patients with UC, 
extensive colonic involvement and active fistulizing CD are significantly associated 
with VTE in IBD patients[2,3,10]. Similar data reported by a recent large cohort Swiss 
study and a recent cohort multinational study in East Asia demonstrated that VTEs 
were prevalent in CD patients with ileocolonic involvement, and in UC patients with 
pancolitis[54,55]. During hospitalization, VTE events are also related to immobility, the 
use of a venous catheter for parenteral nutrition, and fluid depletion due to diarrhea.

Clinical and biochemical specificities
VTEs in IBD patients are characterized by unusual clinical and biochemical 
specificities (an earlier first episode in life, high rates of remission, and high recurrence 
rates). The incidence of VTE increases with age. However, it occurs more frequently in 
younger patients with IBD than in those without this condition[2,3,53,56]. A large 
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population-based study from Denmark showed that the risk of VTE was particularly 
high (sixfold higher HR) in young patients with IBD as compared to age and sex-
matched patients without IBD[53]. VTE events are more frequent in active IBD. 
However, in one-third of the patients with IBD, VTE was observed during clinical 
remission[7,56,57]. Although the epidemiological data demonstrate a relative 
prevalence of VTE in some immune-mediated disorders[58], especially among many 
inflammatory and/or immune-mediated conditions, IBD is related to a significantly 
more prominent risk of VTE[56]. Therefore, IBD is itself prothrombotic.

Polish studies have shown that plasma fibrin clot permeability is reduced and fibrin 
network is mostly resistant to lysis in patients with IBD, which may represent a 
mechanism for increasing the thrombotic risk in IBD[59]. Recently, the investigators at 
the University of Leuven, Belgium indicated that clot lysis parameters (area under the 
curve, 50% clot lysis time, and amplitude) were significantly higher in IBD compared 
to controls and in IBD with thrombotic events and a history of thrombosis compared 
to IBD without thrombosis[60]. Taken together, fibrin clot phenotype in IBD may be 
considered a potential novel risk factor for TE.

Recurrence of VTE 
IBD represents an independent risk factor for the recurrence of VTE. Novacek et al[61] 
showed that patients with IBD who experienced their first episode of unprovoked VTE 
had 33% likelihood of the second episode of VTE within 5 years compared to 21% in 
non-IBD patients (HR: 2.5). Recently, Bollen et al[62] presented a monocentric cohort of 
IBD patients with a history of VTE and ATE and focused on the recurrence rate. These 
authors confirmed the high recurrence rate of thrombotic events in patients with IBD. 
They found that 30% of patients were identified to have recurrent TE events. In this 
group, 83% developed VTE, with DVT as the major manifestation (40%), followed by 
PE (23%). However, a relatively high number of thrombotic events (i.e. 17%) became 
recurrent in arterial circulation. De Fonseka et al[63] found that a history of TE was the 
most significant predictor of VTE in IBD. Similarly, Faye et al[64] showed that in 
patients with IBD, prior VTE was associated with readmission for VTE within 2 mo.

Post-thrombotic syndrome
Post-thrombotic syndrome (PTS) may increase the likelihood of VTE recurrence 
among IBD patients. It is the most frequent complication of VTE located in the lower 
limbs, which develops in 20%–50% of cases after proximal DVT and is severe in 
5%–10% of cases[65]. Reported risk factors of PTS include extensive proximal character 
of DVT, involving the popliteal vein or above. Other reported risk factors include pre-
existing chronic venous insufficiency (especially with mild or severe contralateral leg 
venous ectasia), older age and high body mass index[65]. The risk of PTS is substantial 
but significantly lower after an isolated distal infrapopliteal DVT. Since signs and 
symptoms of DVT and PTS may be similar, diagnosis of PTS should be delayed for 3–6 
mo after DVT diagnosis. Compression ultrasonography, which is based on leg vein 
compression using the ultrasound probe, should be performed to evaluate the degree 
of obstruction by clots, the location of these clots, and the detection of venous insuffi-
ciency[13].

Clostridium difficile infection 
IBD has been shown to be a specific risk factor for the development of C. difficile 
infection, which may lead to higher morbidity and mortality[66]. A large cohort 
retrospective study assessing the Nationwide Inpatient Sample in the USA found that 
the rate of VTE was twofold higher in hospitalized patients with IBD and C. difficile 
infection than in those without C. difficile infection (adjusted OR: 1.7)[67]. In their most 
recent study, Faye et al[64] found that C. difficile infection was an independent risk 
factor of readmission for VTE in patients with IBD during a 2-month time period. 
Therefore, clinicians need to be vigilant to assess C. difficile infections in patients with 
IBD with a flare of diarrhea to counteract C. difficile and minimize the risk of VTE.

Nonspecific risk factors
IBD-associated comorbidity is prothrombotic in itself and is an independent predictor 
of VTE; e.g., congestive heart failure, chronic obstructive pulmonary disease, obesity, 
Behcet’s disease, myeloproliferative diseases (polycythemia vera, paroxysmal 
nocturnal hemoglobinuria, paraproteinemia), liver cirrhosis, or diabetes mellitus[68].

Low serum albumin is a well-recognized risk factor for VTE in nephrotic syndrome
[69]. In patients with IBD, low albumin levels may reflect excess loss of intestinal 
protein, and particularly circulating antithrombotic proteins, especially antithrombin. 
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Serum level of antithrombin may be a marker of underlying inflammation as a 
negative acute phase reactant.

An increased level of lipoprotein(a), an independent risk factor for TE, has been 
shown to account for a tendency toward TE in some CD patients[70]. Autoimmune 
abnormalities and increased production of various antibodies are often associated with 
IBD. Serum cardiolipin autoantibodies involved in higher risk of arterial and venous 
thrombosis are increased in patients with IBD. However, their elevated titer is not 
associated with higher VTE rates[71]. Similarly, in a recent IBD cohort study, a higher 
prevalence of various types of antiphospholipid antibodies was documented in 
patients with CD. However, this status was not associated with more TE events[72].

Provoked VTE and ATE may occur in hyperhomocysteinemia due to deficiency of 
vitamins B12, B6 or folate, or hereditary genetic abnormalities such as gene mutation 
of methylenetetrahydrofolate reductase (MTHFR)[73]. In a meta-analysis, the mean 
plasma homocysteine level was significantly higher in IBD patients compared to 
controls. However, in this study the risk of hyperhomocysteinemia was not higher 
among IBD patients who presented with TE complications[74].

In CD patients, oral contraceptive drugs are well-known risk factors for TE[75]. In 
spite of this, Cotton et al[76] in a large internet-based cohort of patients with IBD found 
that use of hormonal contraceptives in women with multiple risk factors for TE was 
similar to that in women without risk factors. Thus, patients with IBD should be asked 
about risk factors for thromboembolic disease to have an opportunity for alternative 
contraception. Patients with CD are more likely to be smokers, which increases the risk 
of vascular disease in this condition. However, UC is generally a disease of non-
smokers and exsmokers[77].

Extended traveling with prolonged sitting is known as a risk factor for VTE, 
although it is currently recognized that reduced movement on long distance flights is 
more significant than immobilization. As summarized by Byard, long-distance flights 
of ≥ 8 h are associated with a 2–4-fold increased risk of VTE, but only in those 
individuals who have underlying risk factors. Importantly, the potential impact of 
lethal pulmonary VTE exists with increasing numbers of flights of > 16-h duration[78].

IBD medications 
Some drugs used in IBD treatment can be considered potential thrombotic factors. 
Glucocorticosteroids used to maintain remission in IBD by multifactorial anti-inflam-
matory effects are also known to induce hypercoagulability, increasing plasma 
fibrinogen level, and decreasing tissue plasminogen activator activity and prostacyclin 
synthesis[79]. The use of corticosteroids prior to hospitalization is an independent risk 
for VTE[68]. Nguyen et al[80] in their large retrospective cohort study compared the 
risk of postoperative complications between preoperative steroid users and nonusers. 
They found that preoperative steroid use was associated with an increased risk of VTE 
in CD (OR: 1.66) and UC (OR: 2.66).

The role of TNF-α that occupies a central position to generate the inflammatory and 
coagulation cascade has been well defined in CD and UC. Compounds that contain 
anti-TNF-α antibody are currently the most recommended for biological treatment of 
moderate and active CD and UC[81]. Hommes et al[82] demonstrated that treatment 
with infliximab decreased thrombin generation, indicating that coagulation activation 
is mediated by TNF-α or a subsequent cascade of cytokines. In addition, treatment 
with infliximab reduces the level of circulating and prothrombotic serum-soluble 
CD40L in patients with CD[83]. Anti-TNF-α therapy with infliximab also downreg-
ulates isoprostane generation and thromboxane synthesis, which may reduce 
thromboxane-dependent platelet activation in IBD patients[84]. Bollen et al[85] in a 
prospective study investigated the effect of infliximab therapy on the hemostatic 
profile. They documented normalization of the clot lysis profile in responders to 
infliximab treatment, suggesting that infliximab is especially advisable for patients 
with IBD with an activated hemostatic profile. Swiss investigators in their single-center 
retrospective study found that in patients with IBD, TNF-α inhibitor therapy was 
associated with a reduced risk of TE (OR: 0.20), whereas corticosteroid use increased 
(OR: 4.62) TE[63]. A recent meta-analysis conducted by Hungarian investigators 
showed that systemic corticosteroids were associated with a significantly higher rate of 
VTE complications in IBD patients as compared to IBD patients without steroid 
medication (OR: 2.202). In contrast, treatment with anti-TNF-α agents resulted in a 
fivefold decreased risk of VTE compared to steroid medication (OR: 0.267)[86].

Tofacitinib, a small-molecule Janus kinase inhibitor, has been used for the treatment 
of moderate and severe UC. Recently, safety data for tofacitinib in rheumatology 
studies showed that tofacitinib 10 mg twice daily increased the frequency of VTE, 
although the study comprised patients aged ≥ 50 years who presented with other 
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cardiovascular risk factors[87]. The US Food and Drug Administration has indicated 
that tofacitinib 10 mg twice daily may increase the risk of VTE[88]. The most recent 
preliminary analysis of UC patients treated with tofacitinib 10 mg twice daily 
demonstrated that five presented with VTE (four PE, and one DVT), as compared to 
two patients receiving placebo[89]. The analysis was limited by the small group of 
patients, and hence further studies are warranted. At present, since uncertainty exists, 
the lower dose of tofacitinib (5 mg twice daily) is indicated.

Surgery
Colorectal surgery is a strong predictor of developing VTE[90]. A combination of 
pathophysiology of IBD and surgical risk factors increases the risk of postoperative 
VTE in IBD patients. A recently conducted Canadian meta-analysis showed that IBD 
patients undergoing colorectal surgery were at a higher risk for postoperative VTE as 
compared to patients undergoing surgery for colorectal cancer[91]. Patients with UC 
may be at higher risk for postoperative VTE as compared to those with CD. Wilson et 
al[92] found that during admission and within 30 d of hospital discharge, the incidence 
of VTE was higher in UC patients (2.74%) than in patients with colorectal cancer 
(1.74%). However, the lowest incidence was seen in patients with CD (1.2%). Similarly, 
McCurdy et al[93] reported that the cumulative incidence of VTE at 1 mo after 
discharge was higher in surgical patients with UC (HR: 1.68; 95%CI: 1.16–2.45) but not 
in surgical patients with CD. In UC patients, the risk of VTE is mostly higher in 
patients after colectomy[94,95]. McKenna et al[95] using the American College of 
Surgeons-National Surgical Quality Improvement Project database found that 
surgically urgent UC cases showed a higher rate of VTE than non-IBD patients 
undergoing colorectal resections (6.9% vs 3.1%).

PROPHYLAXIS OF VTE IN IBD
Of note, controlling the disease activity as the primary aim of IBD treatment may 
partly prevent VTE events and also reduce the risk of recurrent VTE episodes. 
Correction of vitamin deficiencies (particularly B6, B12 and folic acid) can reduce 
homocysteine levels[74]. In addition, therapy with sulfasalazine or methotrexate may 
induce folate deficiency, thus supplementation of folic acid is advocated.

Pharmacological prophylaxis
It has been confirmed that that IBD patients have an elevated risk of VTE compared to 
the general population. Consequently, GI societies from North America and Europe 
have advocated the use of pharmacological prophylaxis among hospitalized IBD 
patients[15,96,97]. Low molecular-weight heparin (LMWH) and unfractionated 
heparin are recommended for thromboprophylaxis in IBD patients. Primary 
prophylaxis is advocated for all hospitalized IBD patients, because the higher risk of 
VTE in hospitalized IBD patients also includes those hospitalized for non-IBD related 
reasons[96-98]. In the period of active bleeding, mechanical prophylaxis is temporarily 
advisable. If bleeding is not severe, anticoagulant thromboprophylaxis should be 
substituted for mechanical thromboprophylaxis. Anticoagulant thromboprophylaxis 
during hospitalization is recommended for IBD patients who underwent major 
abdominal-pelvic or general surgery. Similarly, anticoagulant thromboprophylaxis 
during hospitalization is indicated for pregnant women with IBD who underwent 
cesarean section. Another recommendation for pharmacological prophylaxis is 
advocated (related to secondary prophylaxis) during moderate-severe IBD flares in 
outpatients with a history of VTE. The unresolved question is whether thrombopro-
phylaxis should be extended to all outpatients with the disease flare. Thus, the 
absolute risk of VTE should be assessed for each ambulatory patient with active IBD, 
including co-morbidity, previous VTE events, the use of oral contraceptives, smoking, 
and the presence of venous catheters[68,98]. Moreover, disease features could be 
useful in assessing the individual prothrombotic risk. Another question arises whether 
thromboprophylaxis should be extended after hospitalization to IBD patients with a 
higher risk for VTE. In a recent population-based study, McCurdy et al[93] found that 
surgical IBD patients with UC and non-surgical IBD patients were 1.7-fold more likely 
to develop post-discharge VTE than non-IBD matched controls. These authors showed 
that the risk score of post-discharge VTE for IBD patients included age over 45 years 
and the length of admission (more than 7 d), which would indicate prolonged post-
hospitalization VTE prophylaxis. In another recent study evaluating predictors of post-
hospitalization VTE in patients with IBD, Faye et al[64] showed that risk factors such as 
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older age, discharge to a nursing facility, and a previous C. difficile infection at the time 
of admission increased this risk. In addition, they found that over 90% of VTE 
readmissions occurred within 60 d post-discharge, with the majority in the first 20 d. 
These findings should increase alertness and consideration of thromboprophylaxis in 
this population.

Finally, it is well known that surgery represents a major risk factor for VTE, partic-
ularly in patients with IBD, and thromboprophylaxis is universally performed from 
the day of surgery to discharge. However, as reported before, in the IBD patient 
population, colorectal surgery is related to an additional VTE risk, including post-
discharge period[93,95]. Recent meta-analyses in the United States indicated that IBD 
patients undergoing colorectal surgery were at a higher in-hospital and post-discharge 
risk for postoperative VTE compared to non-IBD patients undergoing surgery for 
colorectal cancer[91,99]. Current prophylaxis may not be sufficient to prevent VTE, 
especially for UC patients undergoing emergency colorectal procedures who might 
benefit from extended TE prophylaxis[92,94]. Kaplan et al[94] presented a population-
based surveillance of UC hospitalized patients during a flare and compared VTE 
events between UC patients who responded to medical management and patients who 
underwent colectomy. These authors showed that VTE was significantly higher among 
patients who underwent colectomy, and mostly higher in patients after emergency 
colectomy, although more than 90% of surgical patients were given heparin 
prophylaxis. Despite a large amount of evidence demonstrating the high VTE risk in 
IBD, no randomized controlled trials specifically assessed the efficacy of anticoagu-
lation in reducing the rate of VTE in IBD patients or in applying extended-duration 
prophylaxis after surgery to this population.

Implementation of prophylaxis in IBD 
Although the increased risk of VTE among IBD patients has been documented, 
thromboprophylaxis rates in hospitalized patients with IBD seem to be low[98]. Recent 
and prior studies showed that patients with IBD admitted to surgical service received 
anticoagulation prophylaxis more often than those admitted to medical centers. In a 
multicenter retrospective study from Canada, patients with IBD admitted to the 
surgical setting were more likely to receive VTE prophylaxis than those admitted to 
medical service (84% vs 74%)[100]. Implementation of an electronic alert system seems 
to be an effective tool for increasing VTE prophylaxis rates in hospitalized patients 
with IBD. The introduction of this system was associated with a significant impro-
vement in prophylaxis rates in both medical (26.3% vs 62.8%) and surgical (83.7% vs 
95.5%) services[101]. All providers should be educated on the increased risk of VTE as 
well as the safety of pharmacologic prophylaxis. Inadequate implementation of VTE 
prophylaxis in patients with IBD is still mainly due to the concern about the safety of 
anticoagulation. Although prior data of Ra et al[102] indicated that the rate of major 
and minor bleeding was not significantly higher in the group who received pharmaco-
logical VTE prophylaxis compared to those who did not receive it, Faye et al[103] 
showed that IBD patients with minor hematochezia (OR: 0.27) were significantly less 
likely to receive VTE prophylaxis. In addition, these investigators concluded that VTE 
prophylaxis was not associated with increased blood transfusion rates or a clinically 
significant decline in hemoglobin level during hospitalization]. It should be underlined 
that most patients with hematochezia will have a disease flare, and they are at a 
significantly increased risk for VTE during this time.

Mechanical prophylaxis
Mechanical thromboprophylaxis, graduated compression stockings, and/or 
intermittent pneumatic compression devices are indicated for IBD patients hospit-
alized with major GI bleeding[96]. Early mobilization in hospitalized surgical and non- 
surgical IBD patients should be always considered. These methods address the venous 
stasis portion of the Virchow triad by increasing venous blood flow. There are several 
proposed mechanism for the efficacy of induced venous stasis, including increased 
level of tissue factor inhibitor, the resultant factor Xa–related coagulation inhibition, 
and promotion of fibrinolysis by increased release of t-PA from the endothelium[104]. 
However, in cases of severe limb ischemia, the use of mechanical prophylaxis could 
worsen the ischemia and should not be used in these patients.

TEST SCREENING FOR THROMBOSIS RISK
Thrombophilia is related to acquired or inherited susceptibility to thrombosis. 
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However, thrombophilia testing in IBD patients is not routinely recommended. In 
general, no interaction between IBD and inherited factors of thrombophilia was found. 
Study results showed that the prevalence of factor V Leiden (which makes factor V 
resistant to inactivation by activated protein C) in IBD is not different compared to the 
general population. Studies failed to demonstrate the prevalence of the genetic variant 
prothrombin G20210A, and MTHFR, or gene mutation related to hyperhomo-
cysteinemia in IBD patients[105,106]. However, hereditary genetic screening should be 
performed in IBD when a familial history of thrombosis, myocardial infarction, or 
stroke before the age of 50 is confirmed in first-degree relatives[107]. In addition, 
myeloproliferative neoplasms should be considered in patients with splanchnic vein 
thrombosis, particularly in the absence of an additional provoking factor. In these 
cases, testing for the JAK2V617F mutation, which is present in most patients with a 
myeloproliferative neoplasm is useful for identifying this disorder[100].

D-dimer, a fibrin degradation product, is effective for VTE screening, and 
adequately demonstrates the occurrence of VTE in the general population, although 
this test is characterized by low specificity[108]. However, high prevalence of elevated 
D-dimer in active patients with IBD usually rules out its utility in IBD[24,25,109].

Search for a biomarker which could select patients with and increased risk for 
thrombosis among IBD subjects is a challenging dilemma for clinicians. The 
endogenous thrombin potential (ETP) test may be considered a new tool for 
prospective studies on IBD patients to assess the risk of TE[110]. As opposed to 
coagulation intermediates or fragments which are markers of thrombin already 
generated, the ETP quantifies thrombin activity that can be generated in plasma. The 
increased ETP has been demonstrated in adult patients with IBD, and in active and 
quiescent stages in pediatric IBD patients, which indicates that procoagulant potential 
is a feature of the disease[38,110]. Probably the prospective studies are needed to 
evaluate clinical value of ETP, which stratifies the VTE risk, especially in pediatric IBD 
patients, in whom anticoagulation prophylaxis is not routinely recommended. 
Recently, investigators at the University of Leuven have determined the clot lysis 
profiles in patients with IBD before and after developing thrombosis and showed that 
clot lysis parameters differed significantly between IBD patients with and without a 
history of TE[62]. Therefore, a functional clot lysis assay could be included in the 
assessment of TE risk[60]. Nevertheless, it should be noted that both ETP test and clot 
lysis assay have sophisticated methodology, and hence are not routinely used.

TREATMENT OF VTE IN PATIENTS WITH IBD 
The general approach to treatment of VTE in patients with IBD is similar to patients 
without IBD. If there is no hemodynamically significant bleeding, LMWH is the most 
appropriate treatment. LMWH is usually switched to an oral vitamin K antagonist (e.g. 
warfarin). In terms of VTE treatment, strong recommendations are made for a period 
of minimum 3 mo of anticoagulant therapy for adult and pediatric IBD patients with a 
symptomatic VTE, including symptomatic splanchnic vein thrombosis. In patients 
with active IBD, in the first event of VTE, anticoagulation therapy should be continued 
until IBD has been in remission for at least 3 mo. For IBD patients with unprovoked 
VTE presenting during clinical remission, indefinite anticoagulant therapy is 
recommended with a periodic analysis of the decision. In similar cases, if there is a 
reversible risk factor, anticoagulation therapy is recommended for at least three 
months until a risk factor has resolved. In addition, in those cases it is recommended 
that therapy should be prolonged for at least 1 mo until the risk factor has resolved. 
The risk-benefit ratio of long-term therapy should be evaluated on an individual basis. 
Anticoagulant treatment should aim not only at preventing thrombus extension but 
also at preventing early and late recurrences[111].

Treatment of PTS
The presence of residual vein thrombosis (partial recanalization) at 3 to 6 mo post-DVT 
is associated with symptomatic PTS and an increased risk of VTE recurrence in about 
one third in the post-DVT patients after regular discontinuation of anticoagulant 
treatment. Patients with PTS with delayed recanalization, and venous reflux confirmed 
by compression ultrasonography should receive extended anticoagulation treatment
[112]. In addition, in patients hospitalized at risk of PTS, recurrence prevention 
includes immediate mobilization and compression stockings[65]. Vitamin K 
antagonists (mainly warfarin) are effective in treating VTE, but they require frequent 
monitoring. Poor quality of anticoagulation control (e.g., too low doses during 
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treatment) may explain why at least some patients develop PTS[65].

OTHER TREATMENT MODALITIES
New oral anticoagulants
Anticoagulation treatment options have undergone a significant change within the last 
10 years due to the development of direct oral anticoagulants (DOACs). Direct factor 
Xa inhibitors (rivaroxaban, apixaban, and edoxaban), and thrombin inhibitor 
(dabigatran) are currently available. In patients on DOACs, it is not necessary to 
monitor the INR ratio or heparin bridging. DOACs may allow stable patients with 
VTE to be treated at home earlier than in the case of warfarin. In fact, DOACs might be 
superior to vitamin K antagonists in treatment of VTE and prevention of PTS[113]. 
VTE is a dynamic process resulting from clot propagation exceeding clot lysis over 
time[114]. Anticoagulant therapy attenuates thrombin generation and promotes clot 
lysis by preventing thrombin activation of TAFI, and in turn inhibition of clot lysis. A 
failure to adequately suppress thrombin generation and/or activity will permit 
continued feedback activation of thrombin generation, fibrin formation, and inhibition 
of fibrinolysis by activation of TAFI. Some reports indicated that treatment with 
DOACs of acute symptomatic VTE was associated with a significantly lower risk of 
bleeding complications as compared with the vitamin K antagonist[115]. However, in 
case of overdose, there is no reversing agent for these drugs. In relation to IBD, 
currently there are no data related to the use of these promising drugs. DOACs, and 
perhaps low-dose DOACs, could have a particularly important role in the 
management of outpatients with IBD in remission and in outpatients with IBD-
associated PTS. In such cases, controlled trials are warranted.

Acetylsalicylic acid 
Acetylsalicylic acid (ASA) is commonly used for preventing arterial thrombosis. Some 
studies showed that aspirin reduced the relative risk of recurrent VTE by 30% in the 
high risk population compared to placebo[116]. However, the use of ASA in 
prevention of VTE is currently not routinely recommended. It should be underlined 
that if patients are scheduled for anticoagulation therapy, and have been on ASA for 
another indication, the risk of bleeding might be increased. A new generation of 
antiplatelet compounds which selectively inhibit platelet activation rather than platelet 
aggregation merits future studies.

Local thrombolysis
Catheter-directed thrombolysis (CDT) is increasingly used to treat acute TE. Currently 
used thrombolytic agents include t-PA, urokinase or streptokinase. It is accepted that 
systemic thrombolytic therapy should be considered in patients with massive PE, 
defined by hemodynamic compromise[117]. The cases of severe thrombosis causing 
limb ischemia may also require CDT. The role for thrombolysis, particularly CDT in 
other patients with DVT is less well established. CDT would be favorable in otherwise 
healthy patients with significant iliofemoral DVT. The rationale here is that CDT may 
decrease the incidence and severity of PTS. In IBD, a systematic review of outcomes 
with anticoagulation vs CDT was compared. It was found that CDT was more effective 
to achieve complete or partial symptomatic and radiologic resolution of thrombus in 
patients with IBD. Although hemorrhagic complication tended to occur more 
frequently in patients treated with CDT, no statistically significant differences were 
found in terms of complications between the two groups[118].

CONCLUSION
VTE events in IBD may increase as the incidence of IBD and life expectancy also 
increase. The risk of arterial TE is significantly lower than VTE, but an increased risk of 
cardiovascular diseases need to be monitored in IBD patients. Patients with IBD have a 
higher baseline risk of VTE, which further increases with surgery and corticosteroid 
therapy. Long-term complications of VTE can include post-thrombotic syndrome or 
chronic thromboembolic pulmonary hypertension. Thus focus on prevention and 
consideration of the utility of post-discharge prophylaxis and effort of implementation 
of VTE prophylaxis should be continued. The pathogenesis of TE in IBD is 
multifactorial and incompletely understood. The activation of coagulation is 
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recognized as an important component of the inflammatory response in IBD, and is 
also significant in the progression and possible pathogenesis. Whereas intestinal 
bacterial components may trigger the coagulation cascade in IBD, the gut microbiome 
could be an innovative approach for decreasing the risk of thrombosis in IBD.
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