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Venous thromboembolism in emergency general 
surgery patients: a single-centre retrospective 
cohort study

Background: There is limited literature on the risk of venous thromboembolism 
(VTE) in emergency general surgery (EGS) patients. We undertook this study to 
identify the rate of symptomatic VTE for patients undergoing EGS operations.

Methods: We conducted a retrospective cohort study evaluating EGS patients who 
underwent operative intervention between March and December 2014. Data col-
lected included patient demographics, type of procedure, risk of VTE, VTE prophy-
laxis, development of symptomatic VTE, and mortality.

Results: We included 767 patients in our analysis. The mean age was 53 ± 19.7 years, 
and 52.2% of patients were female. Eighteen patients (2.3%) experienced VTE in 
hospital and 12 (1.6%) experienced VTE after discharge. Only 66% of patients 
received appropriate VTE prophylaxis. High-risk patients had a higher VTE rate 
(7.4% v. 2.3%, p < 0.001) and higher mortality (17.6% v. 4.0%, p < 0.001) than low- 
to moderate-risk patients.

Conclusion: The risk of VTE in patients requiring EGS is significant and persists 
after hospital discharge. Further studies on quality improvement with VTE prophy-
laxis are warranted.

Contexte : La littérature sur le risque de thromboembolie veineuse (TEV) chez les 
patients soumis à une chirurgie générale urgente est limitée. Nous avons entrepris 
cette étude afin de mesurer le taux de TEV symptomatique chez les patients ayant 
subi une intervention urgente en chirurgie générale.

Méthodes : Nous avons procédé à une étude de cohorte rétrospective sur les patients 
qui ont subi une chirurgie générale urgente entre mars et décembre 2014. Parmi les 
données recueillies, mentionnons données démographiques, type d’intervention, 
 risque de TEV, thromboprophylaxie, apparition d’une TEV symptomatique et 
 mortalité.

Résultats : Nous avons inclus 767 patients dans notre analyse. L’âge moyen était de 
53 ± 19,7 ans et 52,2 % des patients étaient de sexe féminin. Dix-huit patients (2,3 %) 
ont présenté une TEV en cours d’hospitalisation et 12 (1,6 %) après leur congé. 
Seulement 66 % des patients ont reçu une thromboprophylaxie adéquate. Les patients 
à haut risque ont présenté des taux de TEV (7,4 % c. 2,3 %, p < 0,001) et de mortalité 
(17,6 % c. 4,0 %, p < 0,001) plus élevés que les patients présentant un risque faible à 
modéré.

Conclusion  : Le risque de TEV chez les patients soumis à une chirurgie générale 
urgente est significatif et persiste après le congé hospitalier. Il faudra mener des 
études plus approfondies sur l’amélioration de la qualité de la thromboprophylaxie.

T he reported incidence of venous thromboembolism (VTE) has been on 
the rise. There is significant morbidity and mortality associated with 
the development of VTE, including prolonged hospital admission, risk 

of bleeding with therapeutic anticoagulation, recurrent disease and reduced 
survival.1 Hospitalized surgical patients are at higher risk of VTE because of 
immobility and hypercoagulable state; VTE occurs in up to 25% of these 
patients.1 The incidence of VTE has been studied extensively in specific 
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patient populations such as cancer, trauma and orthopedic 
patients; however, there is little known on the incidence of 
VTE in emergency general surgery (EGS) patients, a sub-
group of patients who undergo surgery on an emergency, 
rather than elective, basis for an acute illness. Many centres 
use currently available guidelines for all surgical patients to 
guide risk assessment and decisions regarding VTE pro-
phylaxis around the time of EGS. These guidelines — cre-
ated for elective surgical patients — have unknown utility 
among EGS patients.

Because the risk of VTE has not been studied in the 
EGS population, there is a clear knowledge gap with 
respect to both risk and prophylaxis in the EGS population. 
The purpose of the present study was to determine the 
rates of symptomatic VTE in EGS patients, both in hospi-
tal and 3 months after discharge; whether VTE rates differ 
based on patient level of risk; and whether compliance with 
VTE prophylaxis affects VTE rates. The information 
gained from this study can act as a starting point by con-
tributing data on VTEs in an unstudied patient population.

Methods

We performed a retrospective cohort study evaluating all 
patients who required operation for EGS conditions and 
were admitted to the acute care surgery (ACS) service at 
London Health Sciences Centre (LHSC) between Mar. 1, 
2014, and Dec. 31, 2014. London Health Sciences Centre 
is a tertiary care referral centre in London, Ontario, with a 
catchment of 1.5 million people. Patients were identified 
for the study cohort using the LHSC Operating Room 
Database, and all patients who received an EGS procedure 
during the study period were included. Only patients 
admitted directly from the emergency department to the 
ACS service requiring emergency operations were 
included in this cohort. Trauma patients and EGS patients 
managed nonoperatively were excluded from this study.

Data were abstracted from the patient’s electronic med-
ical records (EMR) and included patient demographic 
characteristics, diagnosis, type of procedure, comorbidities, 
length of stay in hospital, 30-day readmission, reoperation, 
complications, VTE prophylaxis received in hospital, 
development of clinically suspected VTE, and death. 
 Re-operations included only emergency operations, not 
planned elective procedures. The EMR covers not only 
admissions to LHSC, but also presentations to other acute 
care hospitals in the region. The EMR does not capture 
visits to primary care physicians. We searched the EMR 
for 3 months postoperatively for all included patients. Co-
morbidities were identified from the EMR and quantified 
by calculating the Charlson Comorbidity Index score.2,3 
Risk of VTE was quantified using the methodology pro-
posed by Caprini and colleagues4 (Appendix 1, available at 
canjsurg.ca/006318-a1). In the 2012 American College of 
Chest Physicians (ACCP) Guidelines, patients are categor-

ized by Caprini score as very low risk (0–1 points), low risk 
(2 points), moderate risk (3–4 points), and high risk 
(≥  5 points).5 Complications were classified using the 
methodology proposed by Clavien and Dindo: grade I rep-
resents any deviation from normal postoperative course 
without the need for pharmacologic treatment; grade II 
represents a complication requiring pharmacologic treat-
ment; grade III represents a complication requiring sur-
gical, endoscopic, or radiologic intervention; grade IV 
includes life-threatening complications requiring ICU 
admission; and grade V is death.6

Clinically suspected VTE was defined a priori as VTE 
diagnosed with imaging (ultrasonography, computed 
tomography [CT], ventilation–perfusion [VQ] scan) per-
formed in response to signs and symptoms at the discre-
tion of the clinical team. At LHSC, ACS physicians do not 
perform routine screening for VTE. Appropriate VTE 
prophylaxis was defined a priori as having chemical pro-
phylaxis ordered for all patients admitted to hospital for 
more than 48 hours and having patients receive all doses of 
low molecular weight heparin or unfractionated heparin, 
with the first dose received within 24 hours of admission. 
Patients whose hospital stays were shorter than 48 hours 
were not excluded from the study; in those patients, no 
VTE prophylaxis was deemed appropriate based on Canad-
ian Patient Safety Institute recommendations from 2015.7

Statistical analysis

Descriptive analysis of patient demographics and clinical 
characteristics are reported as means ± standard devia-
tions, medians with interquartile ranges (IQR), and fre-
quencies, as appropriate. Between-group comparisons 
examine differences in key demographic and clinical char-
acteristics between patients with versus without VTE; 
those defined as high risk (Caprini ≥ 5) versus low or mod-
erate risk (Caprini 0–4); and those who received appropri-
ate VTE prophylaxis versus those who did not. Between-
group comparisons were conducted using independent t 
tests, Mann–Whitney U tests, and χ2 tests, as appropriate 
(p < 0.05, 2-tailed). All analyses were performed with 
SPSS software version 22.

Results

A total of 767 patients were included in this study. The 
mean age of patients was 53 ± 20 years. Fifty-two percent 
were female, and the median body mass index (BMI) was 
27. The median length of stay in hospital was 5 (IQR 
1–14) days. Eighty-one (10.6%) patients had active cancer 
at the time of admission. With respect to risk of VTE, 
68.2% were considered low to moderate risk, while the 
remaining 31.8% were considered high risk. The most 
commonly performed emergency surgeries were appen-
dectomy (23.8%), cholecystectomy (18.9%), and large 
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bowel resection (13.7%). Table 1 shows all surgeries per-
formed in our cohort and their frequency. The overall 
mortality in our cohort of EGS patients was 7.4%. 

Eighteen patients (2.3%) experienced symptomatic 
VTE in hospital, and 12 (1.6%) experienced VTE within 
3 months after discharge, giving an overall rate of VTE of 
3.9%. Nineteen (63.3%) patients had deep venous throm-
bosis (DVT), 10 (33.3%) patients had pulmonary emboli 
(PE), and 1 (3.3%) patient had evidence of both. There 
were 4 deaths (13%) among the patients with VTE. Three 
deaths occurred after a decision to withdraw life support; 
however, 1 death was attributable directly to PE. Table 2 
compares patients in whom VTE did and did not develop. 
Patients with VTE were more likely to have a diagnosis of 
active cancer (33% v. 9%, p < 0.001) and were less likely to 
have received appropriate VTE prophylaxis (40% v. 68%, 

p = 0.003). With respect to outcomes, patients with VTE 
spent significantly more time in hospital (13 d v. 5 d, p < 
0.001) and were significantly more likely to be readmitted 
within 30 days (23% v. 7%, p = 0.001).

We compared patients at high risk for VTE with those at 
low to moderate risk (Table 3). Those at high risk were 
older (mean age 70.0 v. 46.9 yr, p < 0.0001). They also had a 
higher median Charlson Comorbidity Index score than 
those at low risk (4 v. 1, p < 0.0001). Twenty percent of 
patients at high risk for VTE underwent at least 1 reopera-
tion compared with 8.8% of those at low to moderate risk 
(p < 0.001). The rate of VTE was significantly higher in 
those at high risk (7.4% v. 2.3%, p < 0.0001); however,  even 
patients at low risk experienced VTEs. Of the patients in 
whom VTE developed, only 44.4% of those at high risk and 

Table 1. Demographic and clinical characteristics of  
767 patients requiring emergency general surgery 

Characteristic No. (%)*

Age, yr, mean ± SD 53.0 ± 19.7

Female sex 400 (52.2)

BMI, median [IQR] 27 [23–32]

Length of stay, d, median [IQR] 5 [1–14]

Active cancer 81 (10.6)

30-day readmission 60 (7.8)

Charlson Comorbidity Index score, median [IQR] 2 [0–4]

VTE 30 (3.9)

Deaths 57 (7.4)

Type of surgery†

Appendectomy 183 (23.8)

Cholecystectomy 145 (18.9)

Large bowel resection 105 (13.7)

Laparotomy 74 (9.6)

Small bowel resection 58 (7.5)

Hernia repair 51 (6.6)

Diagnostic laparoscopy 30 (3.9)

Open bowel repair 23 (3.0)

Ostomy creation 21 (2.7)

Perianal 20 (2.6)

Débridement 15 (2.0)

Other 42 (5.5)

VTE risk (Caprini score)

Low to moderate risk 523 (68.2)

High risk 244 (31.8)

Complications (Clavien–Dindo)

0 544 (71.0)

1 29 (3.8)

2 36 (4.7)

3 54 (7.0)

4 47 (6.1)

5 57 (7.4)

BMI = body mass index; IQR = interquartile range; SD = standard deviation; VTE = 
venous thromboembolism.

*Unless indicated otherwise.

†Other types of surgeries included breast procedures, gastrectomy, splenectomy, 
incision and drainage.

Table 2. Comparison of patients with and without VTE

Characteristic
VTE

n = 30
No VTE
n = 737 p value

Age, yr, mean ± SD 60 ± 18 53 ± 20 0.07

Female sex, no. (%) 12 (40) 403 (52) 0.19

BMI, median [IQR] 27 [21–31] 27 [23–32] 0.85

Active cancer, no. (%) 10 (33) 72 (9) < 0.001

Appropriate VTE prophylaxis, 
no. (%)

12 (40) 498 (68) 0.003

Length of stay, d, median 
[IQR]

13 [9–27] 5 [1–10] < 0.001

30-day readmission, no. (%) 7 (23) 54 (7) 0.001

Death, no. (%) 4 (13) 58 (8) 0.28

BMI = body mass index; IQR = interquartile range; SD = standard deviation; VTE = 
venous thromboembolism.

Table 3. Comparison of patients at high versus low to 
moderate risk for VTE

Characteristic
High risk* 
n = 244

Low to 
moderate 

risk† 
n = 523 p value

Age, yr, mean ± SD 70.0 ± 13.9 46.9 ± 18.8 < 0.001

BMI, median [IQR] 27 [22–31] 27 [23–33] 0.16

Female sex, no. (%) 136 (51.5) 300 (51.6) 0.97

Charlson Comorbidity Index 
score, median [IQR]

4 [3–8] 1 [0–2] < 0.001

Length of stay, d, median 
[IQR]

9 [5–20] 3 [1–8] < 0.001

Reoperation, no. (%) 51 (20.9) 46 (8.8)  < 0.001

30-day readmission, no. (%) 25 (10.2) 39 (7.5) 0.16

Appropriate VTE prophy-
laxis, no. (%)

132 (54.1) 378 
(72.3%)

< 0.0001

VTE, no. (%) 18 (7.4) 12 (2.3)  < 0.001

VTE patients receiving 
appropriate prophylaxis, no. 
(%)

8 (44.4) 5 (41.7) —

Death, no. (%) 43 (17.6) 21 (4.0)  < 0.001

BMI = body mass index; IQR = interquartile range; SD = standard deviation; VTE = 
venous thromboembolism.

*Caprini ≥ 5.

†Caprini 0–4.
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41.7% of those at low to moderate risk received appropriate 
VTE prophylaxis. Mortality was significantly higher among 
those at high risk than among those at low to moderate risk 
(17.6% v. 4.0%, p < 0.001). We performed a subgroup 
analy sis excluding patients with active cancer owing to their 
known higher risk for VTE to see if this changed the out-
comes,8 and it did not (Appendix 1, Table S1).

In terms of compliance with VTE prophylaxis at this 
centre, only 66% of patients received appropriate VTE pro-
phylaxis (as defined by this study a priori). We compared 
patients who received appropriate VTE prophylaxis with 
those who did not (Table 4). The most frequent reason for 
inappropriate VTE prophylaxis was failure to receive any 
prophylaxis throughout the duration of their hospital stay 
(39%). Twenty-seven percent did not receive their first dose 
within 24 hours, and another 27% had missed at least 1 dose 
during their hospital stay. Four percent of patients refused 
their VTE prophylaxis, and the remaining 3% received 
inappropriate doses (Fig. 1). A significantly higher propor-
tion of patients in the group who received inappropriate 
VTE prophylaxis underwent reoperation (19.8% v. 6.3%, 
p = 0.002). Of the patients who experience VTEs while in 
hospital, significantly more patients received inappropriate 
VTE prophylaxis (4.7% v. 1.2%, p = 0.04).

discussion

In this retrospective cohort study evaluating 767 EGS 
patients, the overall rate of symptomatic VTE was found 

to be higher than anticipated, at 3.9%. It is important to 
note that, in our population, symptomatic VTEs occurred 
even in patients who were at low risk and in patients who 
received appropriate VTE prophylaxis. To our know-
ledge, this study represents one of the first to evaluate 
VTE in EGS patients specifically and is an important first 
step in evaluating VTE prophylaxis in this patient cohort.

Venous thromboembolisms are known preventable 
causes of significant morbidity and mortality. Emergency 
general surgery patients are in an acutely stressed state 
from sepsis, inflammation, organ failure, and/or hypovo-
lemia, which increases the risk for VTE.9,10 Compared 
with cancer, trauma, or orthopedic patients, in whom the 
rate of VTE is 10%–20%, 2%–22%, and 16%–30%, 
respectively, despite VTE prophylaxis, the risk appears to 
be lower but not insignificant in EGS patients.11–14 When 
compared with patients undergoing elective general sur-
gery procedures, our study shows the rate in EGS 
patients is higher. A prospective cohort study conducted 
by Ulrych and colleagues15 examined clinically significant 
DVTs in 216 elective general surgery patients who either 
underwent elective laparoscopic cholecystectomy or elec-
tive hernia repair. Only 1 patient (0.46%) experienced 
DVT in that cohort.

The choice to include VTE diagnosed after hospital 
discharge allowed us to speculate on the possibilities for 
extended VTE prophylaxis. Many studies have examined 
extended prophylaxis for patients at high risk, including 
surgical cancer patients and orthopedic patients receiving 
hip or knee replacements. Bergqvist and colleagues8 

Fig. 1. Reasons for inappropriate venous thromboembolism 
(VTE) prophylaxis.

Patient refused
4%

Did not receive any
39%

Missed dose
27%

Not received within
24 hours

27%

Inappropriate dose
3%

Table 4. Comparison of patients who received appropriate 
VTE prophylaxis and those who did not

Characteristic

Appropriate 
VTE prophylaxis

n = 510

Inappropriate 
VTE 

prophylaxis
n = 257 p value

Age, yr, mean ± SD 50.6 ± 17.7 57.9 ± 19.5 0.49

BMI, median [IQR] 26.7 
[16.8–36.6]

26.8 
[18.7–34.9]

0.45

Female sex, no. (%) 277 (54.3) 123 (47.9) 0.093

Length of stay, d, median 
[IQR]

6 [0–15] 8 [0–21] < 0.0001

Reoperation, no. (%) 32 (6.3) 51 (19.8) 0.002

30-day readmission, no. 
(%)

27 (8.4) 25 (10.0) 0.56

Charlson Comorbidity 
Index score, median [IQR]

2 [0–7] 3 [0–8] 0.14

Caprini score, no. (%) 0.02

0–4 378 (72.3) 145 (27.7) < 0.0001

≥ 5 132 (54.1) 112 (45.9) 0.03

Active cancer, no. (%) 36 (14.0) 45 (8.8) 0.034

VTE during admission, no. 
(%)

6 (1.2) 12 (4.7) 0.04

VTE after discharge, no. 
(%)

6 (1.2) 6 (2.3) 0.52

Death, no. (%) 23 (7.2) 28 (11.2) 0.11

BMI = body mass index; IQR = interquartile range; SD = standard deviation; VTE = 
venous thromboembolism.
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 conducted a double-blind multicentre trial analyzing 
whether patients undergoing curative abdominal or pelvic 
surgery for cancer would benefit from extended VTE pro-
phylaxis of an additional 21 days beyond the initial post-
operative period. They concluded that VTE prophylaxis 
with enoxaparin for 4 weeks after surgery for abdominal 
or pelvic cancer is safe and significantly reduces incidence 
of VTE compared with 1-week prophylaxis. The relative 
risk reduction was 60%.8 Extended thromboprophylaxis 
up to 28 days for high risk general surgery cancer patients 
and orthopedic hip and knee arthroplasty patients is the 
current recommendation.5,16 However, current recom-
mendations for high risk abdominopelvic surgery patients 
without cancer are controversial. A Cochrane review and 
meta-analysis on prolonged thromboprophylaxis for 
abdominal or pelvic surgery concluded that prolonged 
thromboprophylaxis with low molecular weight heparin 
significantly reduces the risk of major VTE; however, 
there was no significant difference in mortality.17 All pre-
vious studies used either only cancer patients or both can-
cer patients and noncancer patients having elective sur-
gery as their study cohorts. Currently, there are no studies 
that have analyzed whether noncancer, nontrauma, EGS 
patients requiring major abdominal or pelvic surgery 
would benefit from extended thromboprophylaxis. Our 
results show that a significant proportion of VTEs are 
diagnosed after hospital discharge and suggest that further 
investigation with regards to extended prophylaxis in EGS 
patients is warranted.

We also evaluated compliance with appropriate VTE 
prophylaxis. Slightly more than 60% of patients received 
appropriate prophylaxis according to our definition. The 
3 top reasons for inappropriate VTE prophylaxis were 
that patients were not ordered any chemical VTE pro-
phylaxis with a hospital stay longer than 48 hours; 
patients did not receive the first dose within 24 hours; 
and patients missed at least 1 dose over the course of 
their hospital stay. We set a very strict definition for 
appropriate VTE prophylaxis: receiving dalteparin 
5000 units daily or heparin 5000 units twice a day or 
3 times a day, with the first dose given within 24 hours of 
admission, and no missed doses until discharge. We felt 
a strict definition was valid, given the consequences of 
even a single missed dose. A prospective study conducted 
by Louis and colleagues18 looked at the rate of DVTs in 
202 trauma and general surgery patients to determine 
whether missing a dose of enoxaparin was associated 
with higher rate of DVT. They found patients had sig-
nificantly higher rates of DVT when they missed at least 
1 dose of enoxaparin (23.5% v. 4.8%).18 They also iden-
tified interrupted enoxaparin therapy as an independent 
risk factor for DVT formation, demonstrating the 
importance of not withholding VTE prophylaxis.18 
Quality-improvement studies on VTE still report poor 
compliance to appropriate VTE prophylaxis, with com-

pliance rates of 58%–73%.19,20 Given the findings in our 
study in which patients experienced VTE despite appro-
priate prophylaxis, we argue that it is important to have a 
strict definition of what appropriate VTE prophylaxis is 
and that centres consider the risk of withholding VTE 
prophylaxis. Lau and colleagues21 conducted a prospec-
tive cohort study specifically analyzing compliance to 
prescribing appropriate VTE prophylaxis by surgical res-
idents and demonstrated that an individualized per-
formance feedback improved the compliance rate from 
89.4% to 95.4% (p < 0.001). An individualized scorecard 
was sent to all general surgery residents participating in 
the study (identified by unique study number and not 
resident name) showing their performance and how they 
ranked among other residents for 3 months. Not only 
did this intervention improve resident compliance to 
prescribing appropriate VTE prophylaxis, it also showed 
a 52% relative risk reduction for all VTE and significant 
reduction of preventable VTEs (0% v. 0.35%, p = 0.046).21 
This was a simple but efective quality-improvement 
 strategy that centres (including our own) should consider 
implementing to improve their compliance to appropri-
ate VTE prophylaxis.

Limitations

There are a few limitations in our study. Overall the ret-
rospective nature of the study has inherent selection and 
information bias. We found that a higher rate of VTE was 
associated with more frequent hospital readmissions; how-
ever, we cannot discern whether VTEs occurred because 
of hospital readmissions or whether patients were admit-
ted because VTE developed while they were at home. 
Second, our primary outcome was relatively uncommon (a 
total of 30 VTEs), limiting the study’s power. Third, we 
assumed that patients in whom VTE developed were 
symptomatic, which prompted an imaging investigation 
and diagnosis. However, given the retrospective nature of 
this study, we were unable to determine whether some 
VTEs were diagnosed incidentally. Ideally, asymptomatic 
patients would be excluded from the VTE group since 
they might not experience the same morbidity and mor-
tality as symptomatic patients. Fourth, we included all 
patients undergoing emergency general surgery ranging 
from laparoscopic appendectomies to exploratory laparot-
omies. We did not stratify risk of VTE based on initial 
diagnosis or type of surgery performed, nor did we 
include nonoperative patients who represent a substantial 
proportion of EGS patients. Finally, our definition of 
appropriate VTE prophylaxis did not take weight into 
consideration. Though controversial, some studies recom-
mend 7500 units of low molecular weighth heparin for 
patients with morbid obesity,22 and this was not con-
sidered in this study, which may have led to an overesti-
mation of the rate of appropriate VTE prophylaxis.
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conclusion

We identified a 3.9% rate of VTEs in EGS patients, which 
is significantly higher than in elective general surgery 
patients. Our results build upon the limited literature and 
may be used to inform future guidelines, which, as they cur-
rently stand, may not apply to EGS patients. Further 
research is warranted to identify reasons why patients are 
not receiving appropriate VTE prophylaxis, and steps 
should be taken to improve compliance. Finally, further 
investigations into whether high risk EGS patients warrant 
prolonged prophylaxis should be conducted.
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