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A Nationwide Analysis of Postoperative Deep Vein Thrombosis 
and Pulmonary Embolism in Colon and Rectal Surgery 
 
Zhobin Moghadamyeghaneh & Mark H. Hanna & Joseph C. Carmichael & Ninh T. 
Nguyen & Michael J. Stamos 
 
Abstract There are limited data regarding predictive factors of postoperative venous 
thromboembolism (VTE) in patients undergoing colorectal resection. We sought to 
identify associations between patient comorbidities and postoperative VTE in colorectal 
resection. The National Surgical Quality Improvement Program(NSQIP) database was 
used to examine clinical data of patients experiencing postoperative VTE after colorectal 
resection from 2005 to 2011. Multivariate analysis using logistic regression was 
performed to quantify risk factors of VTE.We sampled 116,029 patients undergoing 
colorectal resection. The rate of VTE was 2 % (2,278) with 0.2 % (182) having deep vein 
thrombosis (DVT) and pulmonary embolism (PE). The first week after operation was the 
most common time for postoperative VTE. A significant number of patients suffering 
DVT and PE were diagnosed after index hospital discharge (PE 34.6 %, DVT 29.3 %). 
The most important risk factors identified for DVT include (P<0.05) ASA score >2 
(adjusted odds ratio (AOR) 1.77) and hypoalbuminemia (serum albumin level <3.5 
mg/dl) (AOR 1.69). The most important factors had associations with PE include 
(P<0.05) DVT (AOR 14.60) and disseminated cancer (AOR 1.70). Ulcerative colitis 
(AOR 1.48, P=0.01) and stage 4 cancer (AOR 1.29, P=0.02) have associations with DVT. 
Open colorectal procedures have higher risk of DVT compared to laparoscopic 
procedures (AOR 1.33, P<0.01). Postoperative VTE occurs in 2 % of colorectal 
resections. Thirty percent of VTE events were diagnosed after discharge. Prophylactic 
treatment of VTE after discharge may have benefits in high-risk patients. Thirteen and 
eleven perioperative risk factors have associations with DVT and PE, respectively. 
Emergent admission, open procedures, ulcerative colitis, and stage 4 cancer patients have 
increased risk of DVT 
 
 
Introduction 
Postoperative venous thromboembolism, with a current prevalence of 1.4–2.4%in 
colorectal surgery patients, is one of the most important potentially preventable 
conditions which increases morbidity, mortality, hospitalization length, and hospital 
charges for patients.1–4 VTE has been reported on more than 572,000 death certificates 
annually in the USA, and pulmonary embolism (PE) has been described as one of the 
most preventable causes of mortality.5 It is important to recognize the risk factors for 
development of VTE in order to decrease the morbidity and mortality. 

A number of previous studies have identified risk factors influencing 
postoperative VTE rates with the goal of decreasing postoperative venous 
thromboembolic events, primarily via prophylaxis. Some of the VTE predictors include 
age >50 years, pregnancy, malignancy, history of myocardial infarction (MI), diabetes, 
and obesity.6 Using previously identified risk factors, the American Society of Clinical 
Oncology introduced a guideline for assessing and managing the VTE risks in 
hospitalized cancer patients in 2007.7 This guideline was updated in 2013.8 



The increased incidence rate of VTE events after operation has been previously 
identified.6 High rate of VTE following colorectal surgery due to the higher frequency of 
risk factors has been reported by some studies.6 Also, the rate of PE following colorectal 
operations has been estimated to be as much as four times higher than other surgical 
patients.9 However, a large nationwide study analyzing the rate of VTE in colorectal 
surgery is lacking. 

There is also current controversy regarding the appropriate prophylactic 
prevention in colorectal patients, particularly the utilization of VTE prophylaxis 
following patient discharge. Although some studies reported a high rate of VTE after 
discharge of patients, prolonged prophylactic treatment of VTE is still contraversial.9 
Furthermore, a large nationwide study analyzing the rate of VTE in colorectal surgery 
after discharge is lacking. Therefore, we aim to report the incidence, risk factors, and 30-
day outcomes of VTE in patients undergoing colorectal procedures. 
 
Materials and Methods 
 
This study was performed utilizing the American College of Surgeons National Surgical 
Quality Improvement Program (ACS NSQIP) database10 from January 1, 2005, to 
December 31, 2011. ACS NSQIP is a nationally validated, risk-adjusted, outcome-based 
program to measure and improve the quality of surgical care in the USA.10 ACS NSQIP 
provides preoperative to 30-day postoperative surgical outcomes based on clinical data. 
We looked at patients who had undergone colorectal resections for the diagnosis of 
benign or malignant colorectal tumor, diverticular diseases, Crohn’s disease, and 
ulcerative colitis using the appropriate procedural and diagnosis codes as specified by the 
International Classification of Diseases, 9th revision, clinical modifications (ICD-9-CM). 
Patients who had colorectal procedures were defined based on the following Current 
Procedural Terminology (CPT) codes: 44140–44156, 44204–44212, 45110, 45126, and 
45395. Patients who underwent surgery without colon or rectal resection and patients 
younger than 18 years were excluded from this study. Patients’ diagnosis was defined 
based on the following ICD-9 codes: malignant neoplasm of the colon (153.0–153.4, 
153.6, 153.7, and 230.3), malignant neoplasm of the rectum (154.0, 154.1, and 
230.4), benign neoplasm of the colon and rectum (211.3, 211.4), diverticulosis or 
diverticulitis (562.10–562.13), Crohn’s disease (555.0, 555.1, 555.2, and 555.9), and 
ulcerative colitis (556.0–556.9). 

Preoperative factors that were analyzed include patient characteristics (age, sex, 
and race) and 13 comorbidity conditions including steroid use for chronic condition, 
history of severe chronic obstructive pulmonary disease (COPD), ascites, alcohol abuse 
more than two drinks per day in 2 weeks before admission, hypertension requiring 
medication, American Society of Anesthesiologists (ASA) score more than two, serum 
albumin level <3.5 mg/dl (hypoalbuminemia), body mass index (BMI) >30, disseminated 
cancer, cerebrovascular accident (CVA) or stroke with or without neurologic deficit, 
congestive heart failure (CHF), and history of myocardial infarction (MI). Other factors 
analyzed include chemotherapy for malignancy in the last 30 days before operation, 
radiotherapy for malignancy in the last 90 days before operation, anesthesia length, 
hospitalization length, admission type, postsurgical complications (superficial surgical 
site infection (SSI), deep incisional SSI, organ space SSI, wound disruption, pneumonia, 



unplanned intubation, ventilator dependency more than 48 h, urinary tract infection, 
cardiac arrest requiring cardiopulmonary resuscitation (CPR), myocardial infarction, 
acute renal failure, and hospitalization more than 30 days), pathologic conditions (colon 
cancer, rectal cancer, diverticulosis or diverticulitis, Crohn’s disease, ulcerative colitis, 
and benign colorectal tumor), type of surgical resection (total colectomy, partial 
colectomy, abdominoperineal resection (APR), and pelvic exenteration), and surgical 
techniques (laparoscopic vs. open). The overall rate of postoperative VTE by procedure 
type and diagnosis were examined. Risk-adjusted analysis was performed to identify 
preoperative comorbidities and postoperative complications which have independent 
associations with VTE following colorectal surgery. Male gender and age <70 years were 
used as reference data points for comparison in line with the literature.1,11 
 
Statistical Analysis 
 
Statistical analysis was performed with SPSS® software, version 22 (SPSS Inc., Chicago, 
IL). Logistic regression was used to describe the weights assigned to preoperative  
variables that best discriminate patients with VTE from those without. P values less than 
0.05 were considered statistically significant. For each association, the adjusted odds ratio 
(AOR) with a 95 % confidence interval was calculated and reported to estimate the 
relative risk associated with VTE. Adjustments were made for age, sex, race, steroid use, 
COPD, ascites, chemotherapy, radiotherapy, alcohol abuse, hypertension, ASA score 
more than 2, hypoalbuminemia, body mass index >30, disseminated cancer, CVA or 
stroke with or without neurologic deficit, CHF, history of MI, surgical technique, 
hospitalization length, anesthesia length, type of the procedure, and pathology conditions. 
Logistic regression analysis was also used to estimate the association between VTE and 
other postoperative complications. 
 
Results 
 
We sampled 116,029 patients who underwent colorectal resection from 2005 to 2011. 
The mean age of patients was 62± 15 years old (Table 1); the majority of the patients 
were Caucasian (78 %) and female (51.6 %). Most common 
 
Table 1 Demographics of patients who underwent colon and rectal surgery in the USA, 
NSQIP 2005–2011 



 
PE pulmonary embolism, DVT deep vein thrombosis, CVA cerebrovascular accident, 
ASA American Society of Anesthesiologists, Severe COPD severe chronic obstructive 
pulmonary disease 
 
comorbidities included hypertension (50.6 %) and obesity with body mass index (BMI) 
more than 30 (31.6 %). Demographic data of patients are reported in Table 1. 

2,278 (2 %) patients experienced postoperative VTE, with 1.2 % (1,338) having 
isolated deep vein thrombosis (DVT), 0.7 % (758) having isolated PE, and 0.2 % (182) 
having diagnosis of DVT and PE. 19.8 % of patients with PE had a diagnosis of DVT at 
least 1 day before the diagnosis of PE. 

The first week after the operation was the most common time for postoperative 
VTE (Fig. 1). Of the patients who had DVT or PE, 36.5 and 43.8 %, respectively, were 
diagnosed in the first week postoperatively. 

Notably, 34.6 % of patients with PE and 29.3 % of patients with DVT were 
diagnosed after discharge. The rates of inhospital VTE in open and laparoscopic surgery 
were 1.8 and 0.6 % respectively. However, the rates of posthospital discharge VTE in 
open and laparoscopic surgery were 0.7 and 0.5 % respectively. 

For patients with VTE, the median length of stay in the hospital was 17 days, 
while for patients without VTE was 6 days. The adjusted mean difference in 
hospitalization was 1 week longer (confidence interval (CI) 6.67–8.02, P<0.01). 
For patients with VTE, the mean anesthesia time was 248 min with a standard deviation 
of 125, while for patients without it was 233 min with a standard deviation of 105 min. 



The adjusted mean difference in anesthesia time was statistically significant (mean 
difference=10 min, CI 4.32–15.40, P<0.01). 

The unadjusted mortality rate in patients with or without PE was 8.3 and 4.1 %, 
respectively, while the adjusted risk of mortality in patients with PE was greater than for 
those without PE (AOR 1.60, CI 1.21–2.12, P<0.01). The unadjusted mortality rate in 
patients with or without DVT was 9.2 and 4.1 %, respectively, while the adjusted risk of 
mortality in patients with DVT was not statistically greater than patients without (AOR 
1.09, CI 0.87–1.36, P=0.42). The risk-adjusted analysis for factors associated with DVT 
is reported in Table 2. Age more than 70 was a predictor of DVT (AOR 1.33, P<0.05). 
Also, black or African-American race had higher rate of postoperative DVT. Among 
comorbid conditions, ASA score >2 (AOR 1.77, P<0.05), hypoalbuminemia (AOR 1.69, 
P<0.05), disseminated cancer (AOR 1.29, P=0.02), steroid use (AOR 1.23, P=0.03), and 
obesity (AOR 1.15, P=0.03) have association with postoperative DVT. Open colorectal 
procedures had higher risk of postoperative DVT compared to laparoscopic procedures 
(AOR 1.33, P<0.01). Emergently admitted patients had higher risk of postoperative DVT 
compared to nonemergently admitted patients (AOR 1.55, P<0.01). Among pathologic 
conditions, ulcerative colitis has associations with postoperative DVT (AOR 1.48, 
P=0.01), but malignancy only in the presence of metastasis (disseminated cancer) had 
association with postoperative DVT (Table 2).  
 
Table 2 Preoperative variables associated with postoperative deep vein thrombosis in 
colon and rectal surgery patients 



 
CVA cerebrovascular accident, ASA American Society of Anesthesiologists, COPD 
chronic obstructive pulmonary disease 
 
Types of the colorectal procedures 
did not have significant associations with postoperative DVT. However, anesthesia length 
more than 150 min had associations with postoperative DVT. The risk-adjusted analysis 
for factors associated with PE is reported in Table 3.  
 
Table 3 Preoperative variables associated with postoperative pulmonary embolism in 
colon and rectal surgery patients 



 
CVA cerebrovascular accident, ASA American Society of Anesthesiologists, COPD 
chronic obstructive pulmonary disease 
 
 
The strongest risk factor of PE was DVT (AOR 14.60, P<0.01). Also, seven factors 
including disseminated cancer (AOR 1.70, P<0.05), age more than 70 (AOR 1.32, 
P<0.01), emergency admission (AOR 1.24, P=0.02), open surgery (AOR 1.73, P<0.01), 
hypoalbuminemia (AOR 1.21, P=0.02), steroid use (AOR 1.48, P<0.01), and obesity 



(AOR 1.34, P<0.01) had association with postoperative PE. The risk-adjusted analysis for 
postoperative complications associated with DVT and PE is reported in Tables 4 and 5.  
 
Table 4 Risk-adjusted analysis of complications associated with deep vein thrombosis in 
colon and rectal surgery patients 

 
DVT deep vein thrombosis, SSI surgical site infection 
 
Complications showing the strongest associations with DVT included hospitalization 
more than 30 days (AOR 3.37, P<0.05) and unplanned intubation (AOR 2.30, P<0.05). 
Also, complications showing the strongest associations with PE included cardiac arrest 
(AOR 3.93, P<0.05) and unplanned intubation (AOR 3.43, P<0.05). 
 
Discussion 
Postoperative VTE following colorectal resection is associated with a poor prognosis and 
significant increased morbidity and hospitalization length. Although postoperative DVT 
does not independently affect mortality rate, the mortality rate of patients who suffer 
from PE is significantly increased. In line with the literature, VTE was also found to be 
significantly associated with increased mean hospitalization period of the affected 
patients (mean difference=7 days, CI 6.67–8.02). Prophylactic treatment of VTE is 
recommended for high-risk patients after hospital discharge. We found that 34.6 % of 
patients with PE and 29.3 % of patients with DVT are diagnosed after discharge. We 
believe our data may support prophylactic treatment of VTE for high-risk patients after 
hospital discharge in colorectal surgery.8 Even though most VTE events occur during the 
first week after surgery, the rate of VTE events is still significant during the subsequent 
weeks following hospital discharge (Fig. 1).  
 



 
Fig. 1 Postoperative venous thromboembolism complications in 30 days after colon and 
rectal surgery 
 
However, the high rate of posthospital discharge VTE can be related to the fact that 
the actual time of occurrence of the DVT and PE may be earlier than the reported day 
because of delay in diagnosis. Further studies should be planned to see if the high rate of 
posthospital discharge VTE is related to the late development of DVT and PE 
complications or a late diagnosis of a previous complication.  

The rate of VTE is high in the first 2 weeks of surgery. Our results show most 
VTE events occur during the first 2 weeks after surgery (Fig. 1). Considering that a large 
number of patients in colorectal surgery are discharged from the hospital during the first 
week of surgery, such patients may have an increased risk of post-discharge VTE. 
Further studies should be planned to evaluate the benefit of prophylactic treatment of 
VTE on patients discharged from hospital during the first week of surgery.  

Evaluating the efficiency of the anticoagulation treatment for DVT in patients 
who have DVT and at least two other risk factors of PE is suggested. 19.8 % of patients 
with PE had a diagnosis of DVT at least 1 day before report of PE. It appears that the 
routine treatment of DVT was not enough to prevent the incidence of PE in such patients. 
Our results show 97.8 % of such patients had at least two risk factors of PE other than 
DVT including age >70, emergency admission, open surgery, hypoalbuminemia, 
disseminated cancer, steroid use, and obesity. Patients who already have DVT and have 
at least two other risk factors of PE may benefit from closer monitoring for PE.  

Our data, which represents one of the largest series to date on this topic, identifies 
significant risk factors for DVT following colorectal operation. Our study identified 12 
predictors associated with DVT. In terms of patient demographic factors, age >70 and 
black or African-American race have associations with postoperative DVT. Older age has 
been reported as a risk factor of DVT by the literature.1,6 Among comorbid conditions, 
seven factors have associations with DVT including ASA >2, hypoalbuminemia, 
disseminated cancer, obesity, and steroid use. Obesity and malignancy have been 
introduced as a predictor of DVT by literature previously.1,6 However, in terms of 



malignancy, our results show that only the presence of distant metastasis (disseminated 
cancer) has an association with DVT. Among pathologic conditions, ulcerative colitis 
had significant associations with postoperative DVT. This corroborated and confirmed 
the report of increased risk of developing DVT or PE in inflammatory bowel disease 
patients by Bernstein.12 However, we did not find a statistically significant association 
between Crohn’s disease and postoperative DVT. That could be explained by the limited 
number of patients with Crohn’s disease in our study or by more aggressive prophylactic 
treatment in this group. Crohn’s disease has been introduced as a risk factor of VTE by 
literature.12 Among procedural factors, open surgical technique had a higher risk of 
postoperative DVT compared to laparoscopic technique. The higher risk of VTE events 
after open surgery has been previously recognized.1 Our results show that open colorectal 
procedures are associated with 33 % increased risk of DVT and 73 % increased risk of 
PE compared to laparoscopic procedures. In addition, we found that following discharge, 
patients who underwent open surgery still had a higher ongoing risk of VTE compared to 
laparoscopic procedures (0.6 vs. 0.5 %, AOR 1.33, P=0.03), despite longer hospital stays. 
Also, among procedural factors, anesthesia length more than 150 min is a predictor of 
postoperative DVT. We confirmed the report of longer operation time in patients who 
have postoperative VTE by Flordal.13 Flordal, with a study of 2,070 patients undergoing 
abdominal surgery, revealed that an operating time longer than 150 min was a significant 
risk factor of VTE events. However, there is no independent association between types of 
colorectal procedures (e.g., segmental colectomy vs. APR) and postoperative VTE. 
Finally, hospitalization length independent of other risk factors has been associated with 
DVT events. However,our results suggest that prolonged hospitalization is one of the 
outcomes of DVT events rather than a reason for DVT (most of the DVT events occur 
during the first week after surgery and the incidence of DVT decreases over time with 
continued hospitalization). Interestingly, there was not any significant association 
between the length of hospitalization before surgery and DVT events following colorectal 
operation (AOR 1.003, P=0.33). 

Our data identifies eight risk factors for PE following colorectal operation. The 
strongest predictor of PE is DVT. Conversely, the association between other identified 
risk factors and PE was very weak compared to the association between DVT and PE. In 
terms of demographic factors, age >70 has the strongest associations with PE. Among 
comorbid conditions, hypoalbuminemia, disseminated cancer, steroid use, and obesity 
have associations with PE. Among pathologic conditions, colon cancer and presence of 
metastatic cancer have associations with PE. Furthermore, emergent admission and open 
surgical technique had significant association with PE. Finally, our data shows patients 
with PE have a significantly longer hospital stay. However, prolonged hospitalization 
is one of the outcomes of PE events rather than a reason for PE DVT (most of the PE 
events occur during the first week after surgery) (Fig. 1). 

Patients who develop postoperative complications will need specific consideration 
and evaluation with regard to VTE prevention. We found that patients who had a 
postoperative complication after surgery had higher rates of VTE events, even with 
seemingly simple complications like postoperative urinary tract infections. Respiratory 
complications of ventilator dependency, unplanned intubation, and pneumonia 
had the highest associations with postoperative DVT events. 
 



Study Limitations 
 
This study is a large retrospective review and is subject to the usual retrospective study 
biases such as selection bias. Population of the study was selected from the NSQIP 
database on the basis of ICD-9 and CPT codes at almost 500 hospitals in the USA 
between the years 2005 and 2011, and there is a wide variety of in-hospital settings and 
surgeons’ expertise that can affect the study outcome. Patients in this study did not 
form a homogeneous group, and their primary diagnoses varied broadly. Another 
limitation is the lack of information about the use and method of prophylactic treatment 
of VTE as well as duration of prophylactic treatment of VTE in the study that can 
overestimate or underestimate associations between examined factors and postoperative 
VTE. Due to the restriction of the database, some of the potentially important predictors 
that have associations with postoperative VTE were not included in this study (i.e., 
previous VTE, estrogen therapy).6 The actual time of occurrence of the DVT and PE may 
be earlier than the reported day because of delay in diagnosis, and that can affect our 
study results. Patients cannot be tracked long-term as we do not have data beyond 30 
days from the date of surgery. Also, coding errors may exist because of the use of 
discharge data (ICD-9 codes).14 Despite these limitations, this study is one of the first 
reports on risk factors of VTE in colorectal resection procedures in this population subset. 
 
Conclusion 
 

Colorectal resection complicated by postoperative VTE is uncommon (incidence 
rate of 2 %) but carries an associated high mortality, morbidity, and prolonged 
hospitalization length. The first week after an operation was the most common time for 
postoperative VTE; however, 34.6 % of patients with PE and 29.3% with DVT were 
diagnosed after discharge. Obesity has association with both postoperative DVT and PE. 
After adjustment of results, postoperative DVT predictors include black or African-
American race, age >70, emergent admission, anesthesia length >150 min, ASA score 
greater than 2, obesity, hypoalbuminemia, disseminated cancer, steroid use, and open 
procedures (compared to laparoscopic procedures). Also, seven factors of DVT—
disseminated cancer, age >70, emergency admission, open surgery, hypoalbuminemia, 
steroid use, and obesity—had association with postoperative PE. Open surgery has a 
higher risk of VTE events compared to laparoscopic surgery, even after hospital 
discharge; however, there is no independent association between types of colorectal 
procedure and postoperative VTE. Among pathologic conditions, ulcerative colitis and 
metastatic cancer (disseminated cancer) have association with postoperative DVT and 
colon cancer and metastatic cancer (disseminated cancer) have associations with 
postoperative PE. In the presence of a postoperative pulmonary complication, the risk of 
VTE increases. 

Based on our findings, patients developing postoperative complications or having 
multiple risk factors especially ASA score >2 and hypoalbuminemia are at a heightened 
risk of postoperative DVT even after hospital discharge. Thus, prophylactic treatment of 
DVT for high-risk patients after hospital discharge may have benefits. Furthermore, 
patients who already have a DVT and have the risk factors of age >70, hypoalbuminemia, 
disseminated cancer, steroid use, obesity, emergent admission, and open surgical 



technique are at a heightened risk of developing PE. These patients may be candidates for 
tighter screening postoperatively compared to the general surgical population.  

These associations and findings need to be validated in future prospective 
randomized trials to ensure that postsurgical patients with high risk factors for VTE 
receive the appropriate and optimal screening, prophylaxis, and treatment. 
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