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Abstract 
The incidence rate of venous thromboembolism (VTE) of patients after oper-
ation is very high. Many studies on VTE have been processed. The pathoge-
nesis, dangerous factors and assessment method of VTE are summarized in 
this paper. Two theories of pathogenesis, theory of Virchow’s triad and 
theory of anoxia at the tip of venous valve, are introduced first. The main 
dangerous factors of VTE such as tumor, perioperative period are discussed 
then. The main assessment methods of VTE are introduced also. At last, some 
problems required to be studied deeper have been presented. 
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1. Introduction 

The incidence of malignant tumor increases significantly in the world. The ven-
ous thromboembolism (VTE) of patients after operation is 7% - 45% [1], which 
is a great threat to the patients’ life. VTE is that the blood clots in the vein due to 
complex pathophysiological process and so blocks the blood reflux. Throm-
boembolism can be divided into arterial and venous thromboembolism. The 
ischemic heart disease and ischemic stroke are two main arterial thromboem-
bolic diseases. Deep venous thrombosis (DVT) and pulmonary thrombus em-
bolism (PTE) are two typical VTE diseases [2] [3]. 

If VTE is not found and cured in time, acute thrombus exfoliation with pul-
monary embolism and even death can happen because its formation is generally 
insidious [4]. For example, the number of deaths due to thrombus exfoliation in 
2010 is over 25% of the total number in the world [5] according to the statistics. 
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2. Pathogenesis of VTE 

VTE is the third type of vascular disease second only to the ischemic heart dis-
ease and ischemic stroke. It brings large burden to the global economy and 
health.  

There are two kinds of theories on the pathogenesis of VTE. One is the theory 
of Virchow’s triad, the other is the theory of valve cusp hypoxia thesis [6]. 

2.1. Theory of Virchow’s Triad 

Virchow’s triad, named after the German physician Rudolf Virchow, means 
blood stasis, hypercoagulable state and endothelial injury. The core of the theory 
of Virchow’s triad is that the dynamic equilibrium among the coagulation sys-
tem, anticoagulation system and fibrinolysis system is destroyed by any of the 
three factors (blood stasis, hypercoagulable state and endothelial injury). The 
lost of equilibrium causes the formation of VTE. Under normal conditions, con-
traction of calf muscles plays a role in “muscle pump” with the help of venous 
valve [7]. The venous valve acts as a check valve which makes the blood flow to-
ward the heart. Under the combined action of “muscle pump” and “check 
valve”, the blood in the veins can only flow toward the heart and meanwhile 
disperse the cells and other materials related with blood clotting [8]. However, if 
one has to lie in bed for a long period or reduce the movement of legs due to 
some reasons such as coma, lower extremity dyskinesia, leakage of cerebrospinal, 
the damage of the structure and function of venous valve etc. the actions of 
“muscle pump” and “check valve” will disappear and the blood speed will de-
crease. The blood can appear to be in hypercoagulation state in local region due 
to the accumulation of a lot of cells and coagulation factors. In normal physio-
logical state, vascular endothelial cells play a role in anticoagulation and prevent 
the thrombosis. However, if vascular endothelial cells are damaged widely, the 
tissue factor and collagen will expose directly in the circulating blood. A mounts 
of blood platelets will adhere and assemble near the damaged vascular endo-
thelial cells to cause coagulation cascade. Meanwhile, the damaged vascular en-
dothelial cells can synthetize plasminogen activator inhibitor to restrain the fi-
brinolysis system. All the above factors can cause thrombosis. 

2.2. Theory of Anoxia at the Tip of Venous Valve 

The venous valve pocket (VVP) is the lacuna enclosed by the venous valves and 
the wall of vein. The volume of VVP can change obviously with the opening and 
closing of venous valves, which can change the flow dynamics of the blood near 
VVP. It is the core of this theory.  

When the venous blood flows through the tip of venous valve, a small part of 
blood enters into VVP to form very slow vortex and stays in VVP for quite a 
long period. In normal conditions, “muscle pump” can produce discontinuous 
pulse flow besides the power for venous return which makes the blood in VVP 
renewed fast by the opening and closing of the vein valve [9]. If the function of 
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the “muscle pump” is failed due to coma or paralysis of patients, the vein valve 
cannot open and close with the changes of pressure. Then venous valve will be in 
continuous semi-opening mode. The deep vein blood flow of lower extremity 
becomes to be non-pulse flow, which will reduce the exchange of blood between 
VVP and vena cava. In other words, the change of the function of vein valve and 
flow characteristics of blood reduces the movement of the vein valve. The blood 
has to stay in VVP for longer time, which can cause the blood platelet and leu-
kocyte collected in the vortex. Then oxygen in VVP is consumed and so the 
blood oxygen concentration decreases gradually. VTE happens under the above 
factors. 

In general, theory of Virchow explains the occurrence by the destruction of 
the dynamic equilibrium among the coagulation system, anticoagulation system 
and fibrinolysis system. The three factors of this theory can perfectly relate the 
clinical dangerous factors, but the mechanism of VVP cannot be explained well 
by this theory. The theory of anoxia at the tip of venous valve presents a detailed 
single mode for the occurrence of VTE, but it cannot explain the formation me-
chanism of VTE in deep veins which have no venous valve. Though someone 
attempts to explain the occurrence of VTE by combining these two theories, but 
the combination is not widely accepted. Therefore, more complete practical 
theory should be presented to reveal the formation mechanism of VTE. 

3. Factors Affected VTE 

The dangerous factors caused VTE can be divided into three types [10]: factors 
related with tumor directly, factors related with patients and factors related with 
treatment. Generally, tumor patients have these three types of dangerous factors 
at the same time. 

3.1. Danger Factors Related with Tumor 

The main factors causing postoperative VTE vary with tumor types. That means, 
the prevention measures must vary with the type of tumor.  

The common dangerous factors related with tumors of nervous system in-
clude age, obesity, long term operation, postoperative coma, paralysis of limbs, 
postoperative endotracheal intubation over 48 hours, long term bed rest after 
operation, use of dehydrating agents, oral contraceptives, use of glucocorticoid, 
period of pregnancy or puerperium, infection, history of thrombosis etc. [6] 
[11]. 

The dangerous factors related with VTE after operation of breast tumor include 
age, pathological grading, time of operation, time of activating partial thrombop-
lastin etc. The dangerous factors related with VTE after operation of ovarian 
tumor are age and total of platelet.  

For patients with gynecologic tumor, the main dangerous factors related with 
VTE are age, tumor staging, degree of tumor differentiation, lymph node metas-
tasis and complication (hypertension, diabetes) [12] [13]. It is shown that the 
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risk occurring VTE at stage Ⅳ is 1.452 times at other stages. Obesity and ethnic 
differences are also the dangerous factors. The risk of the patient having family 
history of VTE is 3.44 times that without family history. The risk of obesity is 
1.42 times of the non-obesity [10] [14]. 

Prevention measures at perioperative period of gynecologic tumor can effec-
tively reduce the risk of VTE and other complications [15] [16]. Once VTE oc-
curs to a tumor patient, he/she has to prolong the period staying in the hospital 
and affects the treatment of tumor. The mortality will increase [13] [17]. 

The dangerous factors related with VTE of esophageal carcinoma during Pe-
rioperative period are as follows: age over 65, distant metastasis, history of VTE, 
central venous catheterization etc. Patients having any factor of these must be 
given anticoagulant therapy preventively [18]. 

For inpatients of internal medicine-oncology, history of VTE, lying in bed 
over 3 days, platelet count over 350 × 109/L, D-dimer over 0.55 mg/L, tumor 
stage are the main dangerous factors of VTE [19]. 

Dangerous factors related with patients’ agedness, obesity, leukocytosis before 
chemotherapy, anaemia, thrombocytopenia, catheter ectopia during catheteriza-
tion, catheter blockage, catheter related infection are the common main factors 
of VTE relate with tumor [20]. Infection, bad environment for treatment and 
living increase the risk of VTE [21]. However, it is shown that the sexuality, his-
tory of hypertension, glycuresis, smoking and drinking are not related with VTE 
[22]. 

If patients of primary liver tumor have long term smoking history, family his-
tory of VTE, great vein injury, or the blood capillary are invaded, or suffer from 
portal vein tumor thrombus, he/she is easy to get VTE [23] [24]. 

3.2. Dangerous Factors Related with Perioperative Period 

The antineoplastic therapy such as operation, chemotherapy, endocrine therapy, 
antiangiogenic agents, central venous catheterization will increase the risk of 
VTE [25] [26]. 

The risk of VTE is higher with the rise of tumor staging during chemotherapy 
before operation. The risk of concurrent VTE is the highest during the operation 
of abdominal tumor, nervous system tumor and tumor of bone and joint. The 
risk of VTE increases with the extension of time. Intraoperative blood transfu-
sion also affects the occurrence of VTE. The blood transfusion can damage the 
equilibrium of coagulation factors, which can induce postoperative VTE by 
combining with the hypercoagulable state inside the patients of tumors. If the 
surgical area is the central nervous system, or spine, pelvic floor, lower limb 
joint, or the lower extremity vessels, VTE is easier to happen than in other areas. 

Operation types causing postoperative VTE are often as follows: thrombecto-
my of lower extremity artery or endarterectomy, total hip replacement or revi-
sion of hip joint, resection of intracranial nervous system, injury and biopsy, 
hemiarthroplasty etc. Operation mode can also cause VTE. For example, there is 
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pneumoperitoneum in laparoscopic surgery and robotic surgery, so the venous 
return pressure of lower extremity increases. Accordingly, the possibility of VTE 
increases. During limb rehabilitation therapy, the fixation time of local lower 
limb will prolong, which increases the incidence of complications of VTE. If 
there exist iatrogenic puncture, pressure dressing during perioperative period, 
the vein wall can be damaged. This is another factor related with VTE during 
operation [27]. During hepatectomy, reoperation or multiple operations are the 
strong dangerous factors causing VTE. The risk is 6.21 times of those with only 
one operation. The operation time prolongs every hour, the risk to cause VTE 
increases 1.27 times [24]. The use of intermittent pneumatic pump after opera-
tion can reduce the risk of VTE to 22.7%. 

Totally, the common dangerous factors with operation are as follows: old, 
sepsis within 1 month, local movement disorder of lower limbs, iliac vein com-
pression, congenital or secondary stenosis of inferior vena cava, congestive heart 
failure, long time lying in bed after operation, obesity, acute myocardial infarc-
tion, cerebral apoplexy, ethnic group, diabetes mellitus, hyperlipidemia, use of 
coagulant drugs in perioperative period, insufficient circulation, long term oral 
contraceptives, hormone replacement therapy, use of narcotic drugs, history of 
DVT or PET, family history of VTE, lupus anticoagulant positive, elevated se-
rum homocysteine, heparin induced thrombocytopenia, positive of prothrom-
bin, severe hypoproteinemia. Smoking is thought to be a co-factor of other fac-
tors [5]. 

4. Methods of Risk Assessment of VTE 

At present, in clinical practice, many risk assessment score models have been 
built for assessment of VTE, such as Caprini risk assessment score model, Rog-
ers risk assessment score model, Khorana risk assessment score model, Padua 
risk assessment score model etc. 

Caprini risk assessment score model: In 2005, Caprini presented a model for 
VTE assessment based on the statistics of patients in surgical department, car-
diovascular department, urology (called Caprini Risk Assessment Score Model) 
[28]. The model is often used in the screening and diagnosis. However, Caprini 
model still exists some defects in risk assessment of VTE for tumor patients. The 
main reason is that the model is based on surgical patients but not tumor pa-
tients. The risk of VTE varied with treatment in practice. That means, the appli-
cability of Caprini model in risk assessment of VTE for tumor patients needs still 
to be investigated. Meanwhile, the factors considered in Caprini model are too 
many to collect clinical data. These defects limit the application of Caprini mod-
el in the risk assessment for tumor patients. 

Rogers risk assessment score model: the model is presented by Rogers in 
2007 [29] and considers the common dangerous factors, surgical types except 
endocrine surgery, classification of physical condition by American society of 
anesthesiologists and work RUV (related unit of value). However, this model is 
not widely used because there are too many and complex factors in this model.  
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Khorana risk assessment score model: Khorana presented an assessment 
score model for the risk evaluation of tumor patients in 2008 [13]. Khorana risk 
assessment model is thought to be the best one for the VTE risk evaluation of 
patients in oncology department. But the recent study shows that high Khorana 
score cannot predict VTE. 

The Padua assessment score model: In 2010, Padua University presented the 
Padua assessment score model based on inpatients in internal medicine [16]. 
The Padua assessment score model is mainly for the internal medicine patients 
in general hospitals and so most of the factors in this model do not often exist in 
patients of oncology department. In addition, The Padua assessment score mod-
el needs more data for validation.  

Autar assessment score model: Autar model is presented by Autar in De 
Montfort University. This model contains age, body mass index, activity ability, 
trauma risk, high risk disease, special risk, surgery. The practice shows that this 
model is suitable for the risk assessment of VTE, especially for spinal surgery, 
hip replacement etc. [30]. 

Wells assessment score model: It is shown that the Wells model has high 
practicability. This model considers the clinical symptoms and signs of VTE, 
heart rate, time lying in bed, previous operation within 1 month, history of VTE, 
hemoptysis, tumor [31]. 

There are many risk factors of VTE related tumor should be considered [19]. 
Previous assessment score models have only limited generality. In clinical prac-
tices, anyone of the presented models cannot be used in the risk assessment of 
VTE in different stage of treatment or different tumors. Further study is re-
quired to develop models of VTE risk assessment with more adaptability. 

5. Conclusions 

VTE of patients after tumor operation is a great threat to the patients’ life. Un-
derstanding of the formation mechanism and prevention methods is very im-
portant.  

The formation mechanism of VTE is summarized in the first part. Two types 
of theories, the theory of Virchow’s triad and the theory of valve cusp hypoxia 
thesis, are introduced carefully. The base of the pathogenesis in these two theo-
ries is explained. The main reason of VTE is due to the clotting of blood. How-
ever, anyone of these two theories cannot explain the formation mechanism of 
all kinds of VTE. 

The dangerous factors caused VTE are divided into three types and summa-
rized: factors related with tumor directly, with patients and with treatment re-
spectively. Generally, these three types of factors are existed in patients of tumor 
after surgery. The possibility changes with the factors that patients have. 

In the future, the formation mechanism of VTE needs to study further to 
present better practical preventing methods. More practical assessment methods 
should be built either. 
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