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INTRODUCTION

Venous thromboembolism (VTE), which includes deep 
vein thrombosis (DVT) and pulmonary embolism (PE), is 
one of the most important preventable causes of periopera-
tive mortality in cancer patients undergoing major abdomi-
nal surgery [1,2]. High-risk patients undergoing abdominal 
cancer surgery carry a certain risk for VTE both in the early 

postoperative period and after discharge [3]. Many factors, 
such as type of cancer, surgical approach, anticancer medi-
cal treatments and interventions like venous central/port 
catheters in the perioperative period play a role in VTE risk 
classification. In addition, individual characteristics such as 
race, body mass index and comorbidities are also indepen-
dent risk factors for the development of the disease [4,5]. 
Extended pharmacological thromboprophylaxis (PTP) up to 
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four weeks after major abdominal cancer surgery has been 
recommended in Western guidelines and literature, but 
adherence is still limited to some countries or even centers, 
thus a global standard has not yet been reached [6-11]. For 
instance, in many prospective studies conducted without 
extended PTP, the incidence of postoperative VTE has been 
shown to be much lower in Asian countries than in Western 
countries, therefore it has been recommended to use ex-
tended PTP through identifying high-risk patients [12-15].

The risk of postoperative VTE remains to be high in the 
first 90 days after the operation. Although prolonged pro-
phylaxis after discharge in the postoperative period is not 
routinely applied in non-orthopedic surgery, clinicians tend 
to prolong the duration of prophylaxis up to four weeks, 
especially in cancer patients undergoing major abdomi-
nopelvic surgery. According to the Caprini risk assessment 
model, first constituted by Caprini et al. [16] in 1991, the 
duration of prophylaxis should be determined after the pa-
tient’s risk assessment has been made (Table 1) [17,18].

The aim of this study is to investigate the outcomes and 
features of patients in terms of DVT development, who 
underwent curative surgery for colorectal and gastric can-
cer and received short-term PTP only during perioperative 
hospitalization period. 

MATERIALS AND METHODS

1) Patient selection

The records of patients who were surgically treated for 
colorectal and gastric cancer between January 2017 and 
December 2019 were reviewed retrospectively. A total of 
278 patients were enrolled for this study. Patients who 
underwent emergency or palliative surgery, had a history 
of anticoagulant/antiplatelet drug use in the periopera-
tive period, had a prior history of VTE and who were lost 
to follow-up were excluded. The study was approved by 
our institution’s ethics committee (2013-KAEK-64) with 

2018/0505 approval number and the study was also reg-
istered to an online open access data base (NCT04709510, 
clinicaltrials.org). All patients signed a wrtitten consent 
since there was an extra radiologic imaging method even 
though it was non-invasive.

2) Study design, protocols for prophylaxis and follow-up 

The study was designed as a retrospective cohort study. 
Patients who received PTP with the administration of 1 
mg/kg of enoxaparin sodium in the 12 to 24 hours preop-
erative period and continued to receive prophylaxis at the 
preliminary dose only during hospitalization until discharge 
were included in the study. None of the patients were pre-
scribed low molecular weight heparin (LMWH) or any other 
anticoagulant/antiplatelet agents for prolonged prophylaxis 
after hospital discharge. Each patient received mechanical 
prophylaxis with anti-embolism stockings on the opera-
tion day prior to surgery. All of the patients were mobilized 
within 12 to 24 hours after surgery. Hospital records of 
patients’ demographics and co-morbidities were analyzed. 
Pathological features such as tumor type, grade of dif-
ferentiation, tumor sizes, lymphovascular and perineural 
invasion were classified. Laboratory data of the patients in 
the preoperative period as well as complete blood count, 
coagulation tests and tumor markers were recorded.

Postoperative follow-ups were conducted through physi-
cal examinations and detailed patient history forms regard-
ing DVT or other VTE events. All patients were examined 
by bilateral lower extremity duplex ultrasonography (DUS) 
in order to obtain an objective evidence of DVT presence. 
DUS was performed randomly when the patient was called 
for follow-up after the surgery since the patients were col-
lected retrospectively. The procedure was performed via 
using the linear transducer (12 L) of the GE LOGIQ-9 Ul-
trasound System (Genereal Electric, Boston, MA, USA) in 
B-mode, imaging beginning from the main femoral vein, 
applying compression at 1 cm intervals along the tracing of 

Table 1. Recommended prophylaxis protocols and durations based on the Caprini risk assessment score

Risk score Prophylaxis Duration VTE ratea

0 (Lowest) Early ambulation During hospitalization <0.5%

1-2 (Low) Mechanical prophylaxis or pharmocological prophylaxis During hospitalization <1.5%

3-4 (Moderate) Mechanical prophylaxis and pharmocological prophylaxis During hospitalization <3%

5-8 (High) Mechanical prophylaxis and pharmocological prophylaxis 7-10 days total <6%

>8 (Highest) Mechanical prophylaxis and pharmocological prophylaxis 30 days total <6%-18% 

Mechanical prophylaxis should be used during hospitalization and kept in case of clinical symptoms such as leg swelling.
VTE, venous thromboembolism.
a30- and 60-day clinical VTE rate based on patient groups and type of surgery without prophylaxis.
Data from https://venousdisease.com/resources [18].
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Table 2. Features and potential risk factors of the patients who developed venous thromboembolic event

Feature
Symptomatic DVT Asymptomatic DVT

Patient #1 Patient #2 Patient #3 Patient #4

Age, sex 63, female 75, female 60, female 67, male

Chronic disease No Hypertension
Coronary artery disease

Hypertension
Coronary artery disease

Hypertension
Coronary artery disease

Cancer type Stage II gastric cancer Stage III right colon cancer Stage III left colon cancer Stage III left colon cancer, 
developed metastasis one 
year after initial surgery 

Surgery Total gastrectomy Right hemicolectomy Anterior resection Low anterior resection

Caprini score 6 8 6 8

PTP length (d) 8 8 7 7

Time of diagnosis Postoperative 114th day  
during chemotherapy

Postoperative 68th day  
during chemotherapy

Postoperative 12th month Postoperative 13th month 
during 2nd round of  
chemotherapy 

DVT, deep vein thrombosis; PTP, pharmacological thromboprophylaxis.

Table 3. Comparison of demographic characteristics and comorbidities of patients with and without DVT

Characteristic
DVT

Total (n=89) P-value
No (n=85) Yes (n=4)

Age 60 (50.0-67.0) 65 (62.2-69.2) 89 (100.0) 0.21

Sex, male 54 (63.5) 1 (25.0) 55 (61.8) 0.15

Body mass index (kg/m2) 26.3 (24.0-28.7) 33.2 (29.4-35.1) 26.6 0.14

Comorbidities

    Hypertension 22 (25.9) 3 (75.0) 25 (28.1) 0.07

    Diabetes 16 (18.8) 0 (0.0) 16 (18.0) >0.999

    Coronary artery disease 0 (0.0) 3 (75.0) 3 (3.4) <0.001*

    Chronic obstruction pulmonary disease 2 (2.4) 0 (0.0) 2 (2.2) >0.999

    Inflammatory bowel disease 2 (2.4) 0 (0.0) 2 (2.2) >0.999

Cancer type >0.999

    Colorectal 59 (69.4) 3 (75.0) 62 (69.7)

    Gastric 26 (30.6) 1 (25.0) 27 (30.3)

Operation time (mean min) 200 (165-230) 185 (180-202) 199 0.95

Caprini score 6 (6-7) 7 (6-8)    7 0.51

Caprini risk score >0.999

    Intermediate 1 (1.2) 0 (0.0) 1 (1.1)

    High 78 (91.8) 4 (100.0) 82 (92.1)

    Highest 6 (7.1) 0 (0.0) 6 (6.7)

Length of hospital stay (d) 8 (7-9) 7.5 (7-8) 8.0 0.67

Postoperative DVT prophylaxis (d) 7 (7-9) 7.5 (7-8) 7.0 0.87

Adjuvant chemotherapy 57 (67.1) 4 (100.0) 61 (68.5) 0.30

Values are presented as median (interquartile range) or number (%).
DVT, deep vein thrombosis.
*Statistically significant P<0.05.
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the femoral vein, deep femoral and popliteal veins.

3) Statistical analysis

Statistical analyses were performed through SPSS (Statis-
tical Package for the Social Sciences) version 20 (IBM Corp., 
Armonk, NY, USA). Descriptive statistics were presented as 
numbers and percentages for categorical variables, mean 
and standard deviation or median and 25% to 75% percen-
tile values for continuous variables. The distribution of cat-
egorical variables in the crosstabs was compared with the 
Pearson Chi-squared test or, in cases where the conditions 
were not met, with Fisher exact test. The Mann–Whitney 
U test was used to compare continuous variables between 
two independent groups. P-values lower than 0.05 were 
considered statistically significant.

RESULTS

A total of 89 patients, 62 with colorectal and 27 with 
gastric cancers, were included in the study. Median length 
of hospital stay and PTP were 8 (7-9). The mean follow-
up period of all patients was 21.2±10.2 months. DVT was 
detected in 4 (4.5%) out of 89 patients, where only two of 

them were symptomatic (2.2%). Asymptomatic two (2.2%) 
were incidentally detected in the DUS performed during 
follow-up (Table 2). Patients did not undergo any imaging 
method to evaluate PE, nevertheless according to patients’ 
history no symptomatic PE was found in any of the patients 
occurred.

There was no significant difference between the two 
groups regarding age, sex, and body mass index. Thirty-
five (39.3%) patients had at least one additional chronic 
disease. Two patients with coronary artery disease who did 
not use anticoagulant agents in the preoperative period 
developed asymptomatic DVT and one developed symp-
tomatic DVT (P<0.001; Table 3). No statistically significant 
difference was found between the two groups in the analy-
sis regarding the tumor location, type of surgery, and mean 
operative time of the patients (Table 3).

Comparison of histopathological features of the tumors 
in both groups (Table 4) revealed that two of 8 patients 
with mucinous adenocarcinoma, one of 76 patients with 
classical adenocarcinoma, and one of 5 patients with signet 
ring cell adenocarcinoma developed DVT. The presence 
of mucinous adenocarcinoma was found to be statisti-
cally significant in terms of DVT development (P=0.009). 
Vascular invasion and vascular tumor thrombus were also 

Table 4. Comparison of histopathological features of tumors between both groups

Feature
DVT 

Total (n=89) P-value
No (n=85) Yes (n=4)

Histologic type 0.009*

    Adenocarcinoma 75 (88.2) 1 (25.0) 76 (85.4)

    Mucinous adenocarcinoma 6 (7.1) 2 (50.0) 8 (9.0)

    Signet cell adenocarcinoma 4 (4.7) 1 (25.0) 5 (5.6)

Differentiation >0.999

    Low 20 (23.5) 1 (25.0) 21 (23.6)

    Medium 58 (68.2) 3 (75.0) 61 (68.5)

    Well 7 (8.2) 0 (0.0) 7 (7.9)

Vascular invasion 29 (34.1) 4 (100.0) 33 (37.1) 0.02*

Lymphatic invasion 34 (40.0) 3 (75.0) 37 (41.6) 0.31

Perineural invasion 33 (38.8) 2 (50.0) 35 (39.3) >0.999

Tumor size 55 (31-70) 45.0 (35-55) 55.0 (31-70) >0.999

Stage 0.54

    1 12 (14.1) 0 (0.0) 12 (13.5)

    2 34 (40.0) 1 (25.0) 35 (39.3)

    3 30 (35.3) 2 (50.0) 32 (36.0)

    4 9 (10.6) 1 (25.0) 10 (11.2)

Lymph node metastasis 39 (45.9) 4 (100.0) 43 (48.3) 0.051

Values are presented as number (%) or median (25%-75%).
DVT, deep vein thrombosis.
*Statistically significant P<0.05.
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detected in all patients in the DVT group, while vascular 
invasion was detected in 29 (34.1%) of 85 patients who did 
not develop DVT (P=0.02). All patients who developed DVT 
had lymph node metastases, but no significant difference 
was found in terms of lymph node metastasis and disease 
stage in both groups (P=0.051 and 0.54, respectively).

Table 4 shows the Caprini risk assessment score and 
categories of the patients, the duration of postoperative 
prophylaxis, length of hospital stay, ASA scores and other 
risk factors. The average Caprini score was 6.6±1.2 in all 
patients, and there was no significant difference between 
the groups (P=0.51). There was no significant difference 
between the groups in preoperative hemoglobin, hema-
tocrit, platelet count, prothrombin time, activated partial 
thromboplastin time, international normalized ratio, and 
carcinoembryonic antigen or Ca 19-9 values. There was no 
statistically significant difference in the development of 
DVT between patients with perioperative central venous 
catheter or chemotherapy port (P=0.99).

In addition, blood transfusion was administered in 16 
(18.0%) patients from both groups, including 14 (15.7%) 
minor complications patients and 2 (2.2%) major hemor-
rhagic complications. Hemodynamic stability was achieved 
by re-operation in two patients with major hemorrhagic 
complications whereas transfusion of blood products in 
fourteen patients with minor hemorrhagic complications.

DISCUSSION

In this retrospective cohort, 89 patients who underwent 
abdominal surgery for colorectal and gastric cancer and 
received postoperative short-term PTP, had an overall DVT 
incidence of 4.5%. Symptomatic DVT were found in 2.2%, 
and asymptomatic DVT were found in 2.2% of the cohort. 
Three patients were under chemotherapy when DVT oc-
curred. It is, therefore, difficult to determine whether these 
events developed as a result of short PTP or chemotherapy 
itself. Six (6.7%) patients who had a Caprini risk score of 9 
(very high) and did not receive extended prophylaxis, had 
not been detected for any VTE events. Many studies have 
shown the relationship between comorbidity features and 
increased VTE risks. Co-morbid conditions such as renal 
failure, lung diseases, morbid obesity, and acute infection 
have been associated with an increased incidence of VTE in 
cancer patients [19,20]. In our study, one symptomatic and 
two asymptomatic patients with DVT had coronary artery 
disease (P<0.001). These patients had no history of using 
any anticoagulant or antiplatelet treatment for coronary ar-
tery disease and however they did not meet any Caprini risk 
assessment criteria such as history of myocardial infarction 
or heart failure prior to surgery.

Histological subtypes of some cancers have been as-
sociated with increased VTE incidence. Some studies have 
shown an increased incidence of cancer-associated VTE in 
mucin-producing adenocarcinoma subtypes of pancreatic, 
lung, and gastrointestinal tumors [21,22]. Similarly, our 
findings revealed a significant correlation between the de-
velopment of DVT and the presence of mucinous adenocar-
cinoma. Cancer cells produce specific adhesion molecules 
and can initiate the coagulation process by interacting with 
procoagulation precursors such as platelets, leukocytes, and 
endothelial cells. Tumor cells can form thrombus by binding 
to endothelial cells and platelets. These thrombi can enter 
the circulation and cause vascular occlusion [23,24]. In our 
study, vascular invasion and tumor thrombus in adjacent 
vascular structures were detected in the tumors of all pa-
tients diagnosed with DVT (P=0.02).

It is still controversial whether to administrate extended (4 
weeks) or short-term (7-10 days until discharge) PTP in the 
postoperative period in patients undergoing major abdomi-
nal or pelvic cancer surgery (Table 5). In fact, in Eastern 
populations which have less risk factors than Western coun-
terparts, there are studies favoring for short-term prophy-
laxis or even observation without prophylaxis, without in-
creasing incidence of VTE [25-27]. In a prospective double-
arm study by Lee et al. [12], 548 colorectal cancer patients 
had only mechanical prophylaxis such as anti-embolism 
stockings or elastic bandages without using PTP in the 
perioperative period. During the study period, a total of 12 
patients, including asymptomatic ones, developed VTE with 
and incidence 3% [14]. In a prospective randomized study 
by Kim et al. [13], none of the 610 patients, who underwent 
major abdominal surgery for gastric cancer, received PTP 
in the perioperative period, and the patients were followed 
up with DUS in the postoperative period. At the end of the 
study, the postoperative VTE incidence in the Korean pop-
ulation was determined as 2.4%. In this study, advanced 
disease stage and advanced age were shown as predictive 
factors for VTE. Instead of standard PTP, the authors sug-
gested individualized prophylaxis methods after risk strati-
fication in cancer patients [13].

In a randomized clinical study by Vedovati et al. [28], 
1-week (short-term) and 4-week (prolonged) PTP were 
compared after laparoscopic surgery for colorectal cancer. 
Of 113 patients who received short-term prophylaxis, 2 
developed symptomatic and 9 developed asymptomatic 
DVT (total and symptomatic VTE incidences were 9.7% and 
1.7%). Symptomatic DVT was detected in one patient in the 
extended prophylaxis group (0.9% of VTE incidence in this 
group). The total incidence of DVT was found to be 5.3% in 
all patients included in the study, and PE was not detected 
in any of the patients. In addition, advanced age was deter-
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mined as an independent risk factor for the development of 
VTE [28]. Despite the heterogeneous distribution between 
groups, the fact that thromboprophylaxis was performed 
with three different anticoagulant agents is a significant 
limitation for this study. In the double-blind randomized 
controlled trial called Cancer, Bemiparin and Surgery Evalu-
ation (CANBESURE) which evaluated extended prophylaxis 
(bemiparin) for patients undergoing major abdominal or 
pelvic cancer surgery, no difference was found between 
the prophylaxis group and the placebo group (10.1% in the 
extended prophylaxis group, 13.3% in the placebo group, 
P=0.26) [9]. In another randomized controlled clinical trial, 
Enoxaparin and Cancer (ENOXACAN) II, prolonged prophy-
laxis with enoxaparin was shown to reduce asymptomatic 
DVT in the first three postoperative months compared to 
the placebo group (5.5% in the prophylaxis group, 13.8% 
in the placebo group, P=0.010) [10]. In both studies, as-
ymptomatic DVT was detected by venography, and no fatal 
PE or VTE-related mortality incidents occurred during the 
follow-up period. 

In order to benefit from extended prophylaxis, select-
ing the patients comprehensively, identifying high-risk 
patients and determining individual prophylaxis durations 
are the terms that are debated in the guidelines. Analysis of 
American College of Surgeons National Surgical Quality Im-
provement Program (NSQIP) database revealed that chronic 
steroid use, advanced age, long operative time, length of 
stay in bed, and major postoperative complications were 
associated with increased VTE incidence [29]. Such analyses 
revealing these risk factors have led risk scoring systems 
that aim to predict postoperative VTE incidence. Therefore, 
these systems are presumed to provide improved clinical 
outcomes by determining the risks and administrating tar-
geted prophylaxis strategies.

There are some limitations in our study. First of all, our 
sample size is rather small to compare two different groups. 
Secondly, due to the retrospective design, it is possible 
to miss an asymptomatic event that may have developed 
in the early postoperative period. Lastly, heterogeneity 
between patients regarding the timing of DUS may again 
compromise the results of asymptomatic cases. All events 
occurred after 4 weeks in all patients who developed DVT. 
Therefore, with this study, it is not possible to decide 

whether these symptomatic or asymptomatic events oc-
curred in the first 30 days. Moreover, it is impossible to 
know that short PTP caused these events. However, based 
on the patients’ history, it is clear that short prophylaxis 
does not increase symptomatic cases.

CONCLUSION

Incidence of symptomatic DVT after short-term peri-
operative PTP does not increase in patients with a Caprini 
score of 8 and below, who underwent major abdominal sur-
gery due to colorectal and gastric cancer. The incidence of 
DVT was increased in patients with coronary artery disease, 
mucinous adenocarcinoma and tumors with vascular inva-
sion. 
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