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HEART AND LUNG COMPLICATIONS

Pathophysiology of Venous Thromboembolism
Specific systemic conditions predispose individuals with cancer 
to VTE development. These conditions were first described by 
Rudolph Virchow in 1859 and are known as Virchow’s Triad, which 
consists of hypercoagulability, vessel wall or endothelial injury, and 
stasis (Kesieme, Kesieme, Jebbin, Irekpita, & Dongo, 2011).

Prothrombotic mechanisms respond to the presence of a tu-
mor, causing inflammation, necrosis, and hemodynamic chang-
es, which can also be exacerbated by MM therapy (Kristinsson, 
2010). In addition, clot-promoting molecules with procoagulant 
and fibrinolytic activities are secreted by tumor cells, causing an 
interaction with endothelial cells. This plays an important role 
in pathogenesis. In addition, venous stasis reduces the clearance 
of activating coagulation factors, causing endothelial cell damage 
and increasing the risk for VTE (Elyamany, Alzahrani, & Bukhary, 
2014; Kesieme et al., 2011). 

Immunomodulalatory drugs have various anti-angiogenic and 
anti-inflammatory effects that can alter the interaction between 
the tumor cells and the bone marrow microenvironment. Although 
the exact reason why these drugs increase the risk of VTE is un-
known, it is thought that they can enhance the expression of tissue 
factor and vascular endothelial growth factor and, by downregulat-
ing thrombospondin, cause cytokine-mediated activated protein C 
resistance (Kristinsson, Bjorkholm, Schulman, & Landgren, 2011).

Risk Factors for Venous Thromboembolism  
in Multiple Myeloma
VTE incidence is higher among patients diagnosed with monoclo-
nal gammopathy of undetermined significance (an asymptomatic 
premalignant clonal plasma cell or lymphoplasmacytic prolifera-
tive disorder associated with an increased risk of developing MM 

or lymphoma) and MM than in the general population (Gregersen 
et al., 2011; Kristinsson et al., 2011). Risk factors for VTE are list-
ed in Figure 1. The risk of VTE is also increased in inherited and 
noninherited thrombophilia conditions, such as factor V Leiden, 
prothrombin G20210A mutation, protein C or protein S deficien-
cy, and antithrombin deficiency (Fahrni, Husmann, Gretener, & 
Keo, 2015; Heit, Spencer, & White, 2016). 

Venous Thromboembolism Risk Factors: Medication
Several medications increase the risk of VTE. Patients treated 
with immunomodulatory drugs (IMiDs), such as thalidomide, 
lenalidomide, or pomalidomide, or with steroids and/or che-
motherapy are also at significant risk of developing VTE. When 
higher doses of dexamethasone are used, the risk of VTE increas-
es significantly. Another medication that is associated with in-
creased incidence of VTE is erythropoietin, which may be used in 
the setting of anemia in patients with MM (Anaissie et al., 2012). 

In a study comparing low- and high-dose dexamethasone in 
combination with lenalidomide, the incidence of VTE was 12% in 
the low-dose dexamethasone group and 26% in the high-dose dexa-
methasone group. The low-dose dexamethasone dose was 40 mg 
weekly on days 1, 8, and 15. The high-dose dexamethasone was 40 
mg on days 1–4, 9–12, and 17–20 (Rajkumar et al., 2010). In a study 
by Bat et al. (2005), the incidence of VTE was 58% in patients with 
MM who were treated with thalidomide and an anthracycline but 
did not receive thrombosis prophylaxis medication. Anticogulant 
therapy can also reduce VTE incidence rates. When aspirin was 

FIGURE 1.

VENOUS THROMBOEMBOLISM RISK FACTORS

ɔɔ Recent history of immobilization or bed rest

ɔɔ Recent surgery

ɔɔ Older age

ɔɔ History of venous thromboembolism

ɔɔ Obesity

ɔɔ Male gender

ɔɔ Trauma, particularly to the lower extremities

ɔɔ Malignancy

ɔɔ Medications: immunomodulatory drugs, oral contraceptives, erythropoietin

ɔɔ Pregnancy or postpartum period

ɔɔ History of stroke

ɔɔ Presence of central venous line

Note. Based on information from Brown et al., 2016; Fahrni et al., 2015; Heit et al., 
2016; Palumbo et al., 2008; Story, 2014.

FIGURE 2.

MEDICAL AND FAMILY HISTORY RISK FACTORS 
FOR VENOUS THROMBOEMBOLISM

ɔɔ Complete thrombosis history (Was thrombosis idiopathic or provoked by 

surgery, a long car or airplane ride, or immobility?)

ɔɔ Pregnancy

ɔɔ History of vascular disease, nephrotic syndrome, malignancy, polycythe-

mia vera, heparin-induced thrombocytopenia, thyroid disease, systemic 

lupus erythematosus

ɔɔ Antiphospholipid syndromes

ɔɔ Sickle cell disease

ɔɔ History of recent infection or inflammation

ɔɔ Recent exposure to dehydration

ɔɔ Recent prolonged travel by air or automobile

ɔɔ Trauma or bone fracture

ɔɔ Varicose veins

ɔɔ Family history of venouse thromboembolism or known inherited throm-

bophilia, such as Factor V Leiden, prothrombin gene G20210A mutation, 

and protein C or S

Note. Based on information from Fahrni et al., 2015; Heit et al., 2016; Kesieme et al., 2011.
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