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Abstract

Background: There is low-certainty evidence on the impact of extended pharmacological prophylaxis on venous thromboembolism- 
associated morbidity and mortality. The aim of this study was to determine the efficacy and safety of extended prophylaxis after major 
abdominopelvic surgery for the prevention of clinically relevant venous thromboembolism after hospital discharge.

Methods: CArdiovaSCulAr outcomes after major abDominal surgEry (CASCADE) was a prospective, international, cohort study into 
which consecutive adult patients undergoing major abdominopelvic surgery were enrolled (January–May 2022). Extended 
prophylaxis was considered at least 28 days of anticoagulant prescription after surgery. The primary efficacy outcome was 
clinically relevant venous thromboembolism and the primary safety outcome was clinically relevant bleeding within 30 days after 
surgery (European Medicines Agency definitions). The independent association of these outcomes with extended prophylaxis was 
explored using mixed-effects logistic regression and propensity score weighting.

Results: A total of 11 571 patients (median age of 58.0 years; 6399 (55.3%) women) from 29 countries were included. The extended 
prophylaxis prescription rate was 31.7% (3670 patients). The post-discharge venous thromboembolism and bleeding rates were 
0.1% (12 patients) and 0.7% (85 patients) respectively. After weighting, extended prophylaxis was not significantly associated with 
increased bleeding risk (OR 1.07 (95% c.i. 0.64 to 1.81); P = 0.792) or decreased venous thromboembolism incidence, both in the 
overall cohort (OR 1.13 (95% c.i. 0.33 to 3.90); P = 0.848) and in a subgroup analysis of patients undergoing complex major surgery 
and with active cancer (OR: 1.36 (95% c.i. 0.33 to 5.57); P = 0.669).

Conclusion: In modern practice, the incidence of postoperative venous thromboembolism is low. Extended prophylaxis appears safe, 
yet the clinical efficacy remains uncertain. Further work is required to define patients who stand to benefit.

Lay summary

Blood clots are a possible complication after major surgery. These can be very serious. If they form in the legs, they can cause swelling 
and pain. If they travel to the lungs, they can cause breathlessness or chest pain, and can be life-threatening. Injections of blood 
thinners (heparin) under the skin for at least 28 days after surgery can reduce the total number of blood clots. However, only some 
blood clots cause symptoms and it is unclear whether the heparin injections can reduce the number of symptomatic blood clots. 
In this study, the authors wanted to look at whether the injections can reduce the number of symptomatic blood clots, without 
increasing the risk of bleeding, after surgery. This was a large, international study that collected data on adult patients having 
major abdominal and pelvic surgery. The authors used robust statistical methods to compare patients who received or did not 
receive the heparin injections. This study included 11 571 patients from 29 countries. Around one-third received the heparin 
injections for at least 28 days. Only 12 people developed clots after surgery. The authors did not find that the injections reduced 
the likelihood of developing symptomatic blood clots. The injections did not increase the risk of bleeding. The findings suggest 
that 28 days of heparin injections might not be useful for all patients having major abdominal or pelvic surgery. The authors’ 
opinion is that these should be reserved for those that have a higher risk of developing blood clots.
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Introduction
Major abdominal and pelvic surgery is a well-established risk 
factor for the development of venous thromboembolism (VTE), 
which is associated with significant morbidity and mortality1,2. 
Current evidence suggests that VTE risk is not limited to the 

immediate postoperative interval and, for some patients, it 

can remain significant even 3–6 months after surgery3,4. To 

minimize this risk, current guidelines recommend a minimum 

of 28 days of postoperative pharmacological prophylaxis with 

low molecular weight heparin (LMWH), also known as extended 
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pharmacological prophylaxis, for patients undergoing major 
abdominal and pelvic surgery, with some guidelines limiting this 
recommendation to cancer surgeries only5–7.

However, this recommendation is based on low-certainty 
evidence. The majority of the studies supporting the use of 
extended pharmacological prophylaxis were conducted before 
the introduction of Enhanced Recovery After Surgery (ERAS) 
protocols and the widespread adoption of minimally invasive 
surgery, resulting in study populations that are not comparable 
to contemporary surgical practices8–10. In addition, most RCTs 
investigating the use of extended prophylaxis adopted outcomes 
with limited clinical relevance and required the use of invasive 
diagnostic techniques, such as venography, that are not part of 
standard practice, all of which have implications as to whether 
their conclusions on the impact of extended prophylaxis on 
VTE-associated morbidity and mortality are clinically relevant8–10. 
The current validity of the guidelines is also questioned by 
surgeons, as evidenced by their limited compliance with the 
policy, due to concerns about LWMH costs, suboptimal patient 
adherence to daily subcutaneous injections, and the potential 
negative impact the widespread adoption of the policy might 
have on the finances and resources of healthcare systems11–14.

The aim of this analysis of the CArdiovaSCulAr outcomes after 
major abDominal surgEry (CASCADE) study was to determine 
the efficacy and safety of extended prophylaxis after major 
abdominal and pelvic surgery for the prevention of post-discharge 
clinically relevant VTE in a contemporary, international surgical 
population using pragmatic, clinically relevant outcomes.

Methods
Study design
CASCADE was an international, observational, prospective cohort 
study, which was conducted according to a published protocol15. 
This analysis was performed according to STROBE reporting 
guidelines for observational studies16.

CASCADE was delivered by the STARSurg and EuroSurg 
student- and trainee-led collaborative groups. Any centre 
conducting major abdominopelvic surgery in Europe was invited 
to participate, with prospective identification of patients by local 
collaborators across a predefined, 2-week data collection 
window between 23 January and 1 May 2022. Routine, 
anonymized data were collected with no change to clinical care 
pathways. Before data collection, confirmation of appropriate 
local and/or national regulatory approval, according to 
country-specific regulations, was required.

The protocol for the CASCADE project was pre-published; 
however, this study was not pre-registered in an institutional 
registry.

Eligibility criteria
Consecutive adult patients (greater than or equal to 18 years 
of age) undergoing major abdominal and pelvic surgical 
procedures through any operative approach were eligible 
(abdominal and/or pelvic visceral resection; formation or 
reversal of stoma; or anterior abdominal wall hernia repair). 
Planned day-case procedures and those performed for traumatic 
indications or without visceral resection were not studied.

Specific to this pre-planned analysis of the CASCADE dataset, 
recruited eligible patients were excluded from the statistical 
analysis based on the following criteria: prescription for 
long-term therapeutic anticoagulation before admission; 
inpatient mortality or duration of hospital stay greater than or 

equal to 14 days; prescription for therapeutic anticoagulation on 
discharge; and inpatient clinically relevant bleeding event. 
These criteria were adopted to exclude from the analysis 
patients with contraindications to extended VTE prophylaxis or 
insufficient post-discharge time to observe the outcomes of 
interest. In addition, patients who were prescribed prophylactic 
LMWH beyond discharge, but for less than 28 days after surgery, 
were excluded from the analysis as they did not receive 
extended prophylaxis, according to the study’s definition of 
extended prophylaxis.

Outcome measures
All patients were followed up for 30 days after surgery. The 
primary efficacy outcome was the rate of post-discharge VTE 
events. This was defined as a composite endpoint consisting of 
clinically relevant and radiologically diagnosed events: proximal 
deep-vein thrombosis (DVT; asymptomatic and symptomatic); 
symptomatic distal DVT; symptomatic non-fatal pulmonary 
embolism (PE); and VTE-related deaths (European Medicines 
Agency definition17). Given that this study did not modify 
clinical practice, routine imaging of all patients at predefined 
time points was not performed. Imaging was performed only if 
deemed necessary by the local teams based on clinical 
suspicion. The choice of the most appropriate imaging modality 
was left to the local teams. The primary safety outcome was the 
rate of post-discharge clinically relevant bleeding events, a 
composite endpoint of major bleeding and clinically relevant 
non-major bleeding, and defined as any bleeding that required 
medical attention and/or had clinical consequences for a patient 
(European Medicines Agency definition17).

Explanatory variables
The main explanatory variable of interest was the prescription of 
extended pharmacological VTE prophylaxis. In this analysis, this 
was defined as at least 28 days of LMWH prescription after 
surgery, whereas conventional prophylaxis was defined as 
LMWH prescription until discharge. Given that this study did 
not modify clinical practice, the choice of the most appropriate 
prophylactic LMWH dosing (that is fixed dose or anti-factor 
Xa-based dose) was left to the local teams. Similarly, the most 
appropriate mechanical thromboprophylaxis devices were used 
by the local teams where clinically indicated.

Additional variables were collected to risk-adjust outcomes for 
the following potential confounding factors: age; sex; smoking 
status; BMI; ASA grade; respiratory, cardiovascular, inflammatory, 
and metabolic diseases (chronic obstructive pulmonary disease, 
ischaemic heart disease, cerebrovascular disease, inflammatory 
bowel disease, and diabetes mellitus); liver cirrhosis; renal 
disease (chronic kidney disease stage IIIB–V); previous VTE 
events; active cancer (defined as surgery for malignant 
indications and/or known malignancy at the time of surgery); 
operative approach (open or minimally invasive); operative 
urgency (elective or emergency); operative contamination 
(clean-contaminated, contaminated, or dirty); duration of 
operation; critical care (ICU/high dependency unit) admission; 
postoperative SARS-CoV-2 infection; and duration of hospital 
stay. Surgical procedures were stratified according to the 
anatomical region involved (abdominal or pelvic) and 
complexity (complex major or major). Complex major 
procedures were defined as procedures coded as major plus or 
complex major by the Bupa Schedule of Procedures18.
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Statistical analyses
Patient demographics, perioperative variables, and outcomes 
were compared for extended and conventional pharmacological 
VTE prophylaxis groups. Categorical variables are 
cross-tabulated and were compared using the chi-squared or 
Fisher’s exact tests. Continuous variables are summarized as 
median (interquartile range (i.q.r.)) and were compared using 
the Mann–Whitney test. Funnel plots with 95% and 99% 
confidence intervals are used to present extended VTE 
prophylaxis prescription rates and VTE rates (unadjusted and 
risk-adjusted) of participating centres. Adjustment was 
performed using mixed-effects logistic regression models. 
Clinically plausible perioperative factors associated with 
postoperative VTE, extended VTE prophylaxis prescription, and 
clinical outcomes were incorporated into the modelling 
approach as fixed effects and hospital was used as a random 
effect.

Mixed-effects multivariable logistic regression was performed to 
determine whether extended pharmacological VTE prophylaxis was 
independently associated with the occurrence of post-discharge 
clinically relevant VTE and bleeding events. The same modelling 
approach was adopted that was used to derive risk-adjusted 
extended VTE prophylaxis prescription rates. To minimize the risk 
of model overfitting, reduced models with limited numbers of 
explanatory variables were produced. Final model selection was 
guided by expert opinion; variables included in the reduced 
models were patients’ demographics and perioperative factors 
most clinically relevant to the outcomes of interest.

To investigate the association between extended prophylaxis 
and clinical outcomes, propensity score weighting (inverse 
probability of treatment weighting) was used to address 
confounding in those who did or did not receive extended 
prophylaxis. The propensity score was defined using 
multivariable logistic regression as the probability that a patient 

would be prescribed extended pharmacological VTE prophylaxis 
based on the following covariates: age, sex, BMI, ASA grade, 
previous VTE events, active cancer, abdominal or pelvic surgery, 
operative approach, operative urgency, and critical care 
admission. Due to group sizes, the hospital-level identifier 
(random effect) was not used in the weighting procedure. The 
balance in the perioperative factors between groups was 
assessed before and after using the absolute standardized mean 
difference and a value below 0.1 was considered to indicate that 
a variable was well balanced between groups. The weighted 
data set was then used to fit outcome models using logistic 
regression, based on the same variables used to generate the 
propensity score weights. G-computation was used to estimate 
the treatment effect.

For post-discharge clinically relevant VTE, two a priori 
subgroup analyses were performed to further limit the 
population heterogeneity and examine more closely the 
subgroups of patients that tend to be prescribed extended 
prophylaxis in clinical practice due to their higher VTE risk. The 
first included patients undergoing complex major surgery and 
the second included patients undergoing complex major surgery 
and with active cancer at the time of surgery.

All effect estimates are presented as OR (95% c.i.). The 
threshold for statistical significance was set a priori as P < 0.050. 
All analyses were performed using R version 4.1.1 (R Foundation 
for Statistical Computing, Vienna, Austria) with the tidyverse, 
finalfit, weightIt, and cobalt packages.

Results
Overall venous thromboembolism events
In total, 23 445 eligible patients were recruited from 445 hospitals 
across 29 European countries (median age of 61.0 years; 12 497 
(53.3%) women) (Fig. 1 and Tables S1, S2). The postoperative rate 

Patients submitted to database
n = 26 573

Eligible patients n = 23 445

Patients included in analysis
(inpatient only versus ≥ 28 days of LMWH

after surgery) n = 11 571

Not eligible n = 3095
Ineligible procedure n = 2221
Incomplete record n = 907

Ineligible LMWH prescription n = 4089
Long-term therapeutic
anticoagulation n = 3488
Inpatient mortality or length of stay
≥ 14 days n = 2937
Discharged on therapeutic
anticoagulation n = 910
Inpatient bleeding events n = 430 
Missing data n = 20

Fig. 1 Flow diagram of patient inclusion and exclusion 

LMWH, low molecular weight heparin.
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of clinically relevant VTE events was 0.7% (172 patients), with 
most patients diagnosed before discharge (81.4%, 140 patients) 
and a few patients diagnosed after discharge (18.6%, 32 patients) 
(Fig. S1). After adjusting for confounding variables using 
mixed-effects logistic regression, the median postoperative VTE 
rate per centre was 0.2% (i.q.r. 0.1%–0.5%) (Fig. S2). A full 
breakdown of baseline characteristics of the overall cohort 
stratified by VTE event and of operations performed is provided 
in Tables S1, S3.

Extended pharmacological venous 
thromboembolism prophylaxis
Overall, 11 571 patients were included in the analysis (Fig. 1). Some 
3670 patients (31.7%) were prescribed extended pharmacological 
VTE prophylaxis (greater than or equal to 28 days of LWMH 
after surgery) for a median duration of 32.0 (i.q.r. 29.0–36.0) 
days. Conventional prophylaxis (inpatient-only LWMH; 68.3%, 
7901 patients) was given for a median duration of 3.0 (i.q.r. 1.0– 
5.0) days. See Table 1. The five most common operations were 
cholecystectomy (20.2%), appendicectomy (12.4%), hysterectomy 
(9.5%), right hemicolectomy (7.0%), and excision of the rectum 
(abdominoperineal resection, anterior resection, or Hartmann’s 
procedure; 6.6%). A full breakdown of operations included in the 
analysis is provided in Table S4.

Compared with patients prescribed conventional prophylaxis, 
patients receiving extended prophylaxis were older (median age 
of 64.0 versus 53.0 years; P < 0.001), had a poorer physical status 
(ASA grade III–V: 30.5% versus 18.2%; P < 0.001), and had a greater 
prevalence of active cancer at the time of surgery (82.6% versus 
24.1%; P < 0.001) (Table 1). Surgery for patients who received 
extended prophylaxis more frequently involved the pelvic region 
(45.4% versus 22.0%; P < 0.001), was more complex (complex major 
procedures: 91.0% versus 41.7%; P < 0.001), had a longer duration 
(median of 183.0 versus 95.0 min; P < 0.001), required critical care 
admission (23.8% versus 13.5%; P < 0.001), and required a longer 
hospital stay (median of 6.0 versus 3.0 days; P < 0.001) (Table 1). In 
contrast, surgery for patients who received conventional 
prophylaxis was more frequently performed in emergency 
settings (34.8% versus 15.2%; P < 0.001) and with a minimally 
invasive approach (65.2% versus 53.8%; P < 0.001) (Table 1).

Among all 445 centres, the median extended VTE prophylaxis 
prescription rate was 40.0% (i.q.r. 18.0%–75.0%) (Fig. 2a). This 
substantial variation in practice could not be explained based on 
case mix after adjustment using mixed-effects logistic 
regression (median of 11.5% (i.q.r. 1.7%–66.8%)) (Fig. 2b).

Complex major surgery subgroup analysis
When limiting the analysis to patients undergoing complex major 
surgery (6632 patients), extended VTE prophylaxis was prescribed 
for 3341 patients (50.4%) (Table S7). The five most common 
operations were hysterectomy (16.6%), right hemicolectomy 
(12.2%), excision of the rectum (11.5%), nephrectomy (7.0%), and 
prostatectomy (6.0%) (Table S5).

Similarly to the overall analysis, extended prophylaxis was 
prescribed for patients who were older, with poorer physical 
status and active cancer, and who underwent longer procedures 
that more frequently involved the pelvic region. Patients 
undergoing emergency surgery more frequently received 
prophylactic LMWH only whilst inpatients (20.0% versus 13.6%; 
P < 0.001) (Table S7).

A substantial variation amongst participating centres in the 
prescription rate of extended VTE prophylaxis was also observed 
in this subgroup analysis, even after adjusting for case mix 

(median extended VTE prophylaxis prescription rate of 53.1% 
(i.q.r. 12.9%–87.4%)) (Fig. 2d).

Complex major surgery and active cancer subgroup analysis
The second subgroup analysis only included patients undergoing 
complex major surgery and with active cancer (4427 patients) and 
64.5% (2857 patients) received extended VTE prophylaxis 
(Table S8). The five most common operations were right 
hemicolectomy (15.3%), excision of the rectum (15.3%), 
hysterectomy (12.7%), nephrectomy (8.2%), and prostatectomy 
(7.9%) (Table S6).

Different from the previous analyses, in this subgroup analysis, 
patients in the extended and conventional prophylaxis groups 
were equally older and with more co-morbidities. Extended 
prophylaxis remained more frequently prescribed after surgery 
that involved the pelvic region. Approximately half of included 
procedures were performed with a minimally invasive approach 
(Table S8).

Despite a greater overall extended prophylaxis prescription 
rate, a substantial variation amongst participating centres was 
observed in this subgroup analysis as well (adjusted median 
extended VTE prophylaxis prescription rate of 78.2% (i.q.r. 
40.4%–93.0%)) (Fig. 2f).

Propensity score weighting produced well-balanced treatment 
groups in the subgroup analyses. All variables bar two were well 
balanced in the overall analysis—operative approach and 
duration of operation, which were only marginally unbalanced. 
See Tables S13–S15 and Fig. S3.

Post-discharge clinically relevant venous 
thromboembolism
In the overall analysis, 12 patients (0.1%) were diagnosed with 
post-discharge clinically relevant VTE (5 patients with 
symptomatic PE, 1 patient with symptomatic proximal DVT, 2 
patients with asymptomatic proximal DVT, and 4 patients with 
symptomatic distal DVT) (Table 2). No VTE-related deaths 
were observed. After adjusting for confounding factors using 
mixed-effects models and propensity score weighting, no 
significant association between extended VTE prophylaxis and 
the incidence of post-discharge VTE was shown in the overall 
and subgroup analyses (Table 3 and Tables S9–S11).

Post-discharge clinically relevant bleeding
Some 85 (0.7%) post-discharge clinically relevant bleeding events 
were observed (68 clinically relevant non-major bleeding events 
and 17 major bleeding events) (Table 2). After risk adjustment 
and accounting for treatment selection bias with propensity 
score weighting, no significant association between extended 
VTE prophylaxis and the incidence of post-discharge bleeding 
was shown (Table 3 and Table S12).

Discussion
Current guidelines recommend extended pharmacological 
prophylaxis for patients undergoing major abdominal and pelvic 
surgery to minimize the incidence of postoperative VTE5–7. 
However, this recommendation is based on low-certainty 
evidence. This international, prospective observational study 
with pragmatic, clinically relevant outcomes fails to demonstrate 
a significant association between extended pharmacological 
prophylaxis and decreased post-discharge VTE incidence.

In this heterogeneous cohort, the incidence of clinically 
relevant postoperative VTE within 30 days of surgery was low. 
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Table 1 Perioperative variables stratified by extended pharmacological venous thromboembolism prophylaxis

Extended pharmacological VTE prophylaxis (≥28 days of LWMH)

No (n = 7901) Yes (n = 3670) Total (n = 11 571) P*

Postoperative VTE prophylaxis (days)
Median (i.q.r.) 3.0 (1.0–5.0) 32.0 (29.0–36.0) 5.0 (2.0–29.0) <0.001†

Age (years)
Median (i.q.r.) 53.0 (39.0–65.0) 64.0 (55.0–73.0) 58.0 (44.0–69.0) <0.001†

Sex
Male 3393 (42.9) 1773 (48.3) 5166 (44.6) <0.001
Female 4505 (57.0) 1894 (51.6) 6399 (55.3)
Missing 3 (0.0) 3 (0.1) 6 (0.1)

BMI
Normal 2571 (32.5) 1200 (32.7) 3771 (32.6) 0.044
Underweight 136 (1.7) 82 (2.2) 218 (1.9)
Overweight 2500 (31.6) 1274 (34.7) 3774 (32.6)
Obese 1662 (21.0) 785 (21.4) 2447 (21.1)
Morbidly obese 211 (2.7) 128 (3.5) 339 (2.9)
Missing 821 (10.4) 201 (5.5) 1022 (8.8)

Smoking status
Never 3931 (49.8) 1863 (50.8) 5794 (50.1) <0.001
Ex-smoker 1110 (14.0) 791 (21.6) 1901 (16.4)
Current‡ 1642 (20.8) 563 (15.3) 2205 (19.1)
Missing 1218 (15.4) 453 (12.3) 1671 (14.4)

ASA grade
I–II 6239 (79.0) 2437 (66.4) 8676 (75.0) <0.001
III–V 1437 (18.2) 1119 (30.5) 2556 (22.1)
Missing 225 (2.8) 114 (3.1) 339 (2.9)

Diabetes mellitus
No 6978 (88.3) 3087 (84.1) 10 065 (87.0) <0.001
Non-IDDM 741 (9.4) 467 (12.7) 1208 (10.4)
IDDM 173 (2.2) 113 (3.1) 286 (2.5)
Missing 9 (0.1) 3 (0.1) 12 (0.1)

Previous VTE
No 7808 (98.8) 3603 (98.2) 11 411 (98.6) 0.009
Yes 84 (1.1) 61 (1.7) 145 (1.3)
Missing 9 (0.1) 6 (0.2) 15 (0.1)

Active cancer
No 5981 (75.7) 632 (17.2) 6613 (57.2) <0.001
Yes 1902 (24.1) 3032 (82.6) 4934 (42.6)
Missing 18 (0.2) 6 (0.2) 24 (0.2)

IBD
No 7605 (96.3) 3511 (95.7) 11 116 (96.1) 0.127
Yes 288 (3.6) 156 (4.3) 444 (3.8)
Missing 8 (0.1) 3 (0.1) 11 (0.1)

COPD
No 7629 (96.6) 3466 (94.4) 11 095 (95.9) <0.001
Yes 265 (3.4) 199 (5.4) 464 (4.0)
Missing 7 (0.1) 5 (0.1) 12 (0.1)

Type of surgery
Abdominal 6149 (77.8) 1999 (54.5) 8148 (70.4) <0.001
Pelvic 1741 (22.0) 1666 (45.4) 3407 (29.4)
Missing 11 (0.1) 5 (0.1) 16 (0.1)

Operative complexity
Major 4610 (58.3) 329 (9.0) 4939 (42.7) <0.001
Complex major 3291 (41.7) 3341 (91.0) 6632 (57.3)

Operative urgency
Elective 5142 (65.1) 3106 (84.6) 8248 (71.3) <0.001
Emergency 2749 (34.8) 557 (15.2) 3306 (28.6)
Missing 10 (0.1) 7 (0.2) 17 (0.1)

Operative contamination
Clean-contaminated 7340 (92.9) 3487 (95.0) 10 827 (93.6) <0.001
Contaminated/dirty 543 (6.9) 166 (4.5) 709 (6.1)
Missing 18 (0.2) 17 (0.5) 35 (0.3)

Operative approach
Open 2740 (34.7) 1691 (46.1) 4431 (38.3) <0.001
Minimally invasive 5150 (65.2) 1976 (53.8) 7126 (61.6)
Missing 11 (0.1) 3 (0.1) 14 (0.1)

Duration of operation (min)
Median (i.q.r.) 95.0 (60.0–150.0) 183.0 (135.0–255.0) 120.0 (75.0–190.0) <0.001†

(continued)
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The vast majority of recorded VTE events occurred before 
discharge, highlighting the importance of adequate inpatient 
mechanical and pharmacological prophylaxis, as well as early 
mobilization and adherence to enhanced recovery where 
possible19. The findings are comparable to those of a recent 
meta-analysis, which reported that almost 50% of postoperative 
symptomatic VTE events occurred within 7 days of surgery20.

Across participating centres, a substantial variation in extended 
pharmacological VTE prophylaxis prescription practices was 
observed, even after case-mix adjustment. Poor surgeon 
compliance with VTE prevention guidelines has been well 
documented in the literature14,21,22. The reluctance to prescribe 
extended LMWH courses has been attributed to the low-certainty 
evidence that the recommendations are based on, LMWH costs, 
and concerns regarding patient adherence to daily subcutaneous 
LMWH injections23–25. In the present study it was also observed 
that extended prophylaxis was less frequently prescribed after 
emergency surgery. Given that there is evidence to support 
emergency procedures having equal or greater postoperative VTE 
risk compared with their elective counterparts26, this finding, in 
combination with the abovementioned poor compliance with the 
VTE prevention guidelines, questions the current understanding 
of the surgical community regarding which patients would 
benefit from extended pharmacological VTE prophylaxis after 
major abdominal and pelvic surgery.

The primary efficacy outcome of the present study was the rate 
of post-discharge clinically relevant VTE. This analysis did not 
show a significant association between extended pharmacological 
prophylaxis and VTE incidence. Although most RCTs have shown 
a reduction in postoperative VTE events in patients receiving 
extended prophylaxis8–10,27, recent cohort studies and RCTs with 
clinically relevant outcomes have failed to replicate these 
results22,28–30, questioning whether the real-world effectiveness of 
extended VTE prophylaxis may differ compared with the findings 
of some RCTs.

Extended pharmacological VTE prophylaxis has the potential 
to increase postoperative bleeding risk. In the present cohort, 
after multivariable adjustment, there was no significant 
difference between patients who did and did not receive 
extended prophylaxis with regard to post-discharge clinically 
relevant bleeding events. This is consistent with the literature 
and reinforces the notion that extended prophylaxis is safe in 
patients with no contraindications22,30–32.

There are limitations to this study. As a result of its 
observational nature, limited conclusions can be drawn from 
the findings. Multivariable analyses and propensity score 

weighting were used to adjust for potentially confounding 
factors, but the statistical power of the analyses was limited by 
the relatively low number of events despite the large sample 
size. Another potential weakness is that VTE incidence might 
have been underestimated; the follow-up was limited to 30 
rather than 90 days and data were collected from hospital 
electronic records and clinical notes, with the implication that 
VTE events diagnosed at different hospitals or in primary care 
might have been missed. However, this is unlikely to have 
affected the analysis in a significant way, as patients treated 
with extended VTE prophylaxis and those receiving 
conventional prophylaxis were equally affected by this 
limitation. Also, the present study did not capture patient 
adherence to extended LMWH prescription. It is plausible that 
not all patients who received a prescription for extended VTE 
prophylaxis were fully compliant with the treatment. In 
addition, as this study did not modify routine clinical practice, 
the choices of the most appropriate diagnostic imaging modality 
for VTE, prophylactic LMWH dosing, and mechanical 
thromboprophylaxis devices were left to the local teams, which 
could have introduced potential bias in the study.

The present study, which was conducted using pragmatic, 
clinically relevant outcomes in a contemporary, international 
surgical cohort, suggests that extended prophylaxis may not be 
beneficial for all patients undergoing major abdominal and 
pelvic surgery either for benign or malignant indications. 
Current clinical guidelines have questionable validity, given that 
they are based on old studies that do not reflect current surgical 
practices8–10. The introduction of minimally invasive techniques 
and the introduction of enhanced recovery protocols have 
significantly reduced the incidence of postoperative VTE to the 
point that the rigid use of extended prophylaxis, as dictated by 
current guidelines, is not cost-effective33,34. Intuitively, across 
all patients undergoing major abdominal and pelvic surgery, 
some carry a much greater VTE risk (for example those with 
prolonged immobility, those undergoing emergency and/or open 
surgery, those with severe frailty, those with cancer, and those 
with a history of previous VTE) and would most likely benefit 
from extended prophylaxis35–37. A tailored approach that uses 
patient- and procedure-specific VTE profiles, such as the risk 
score produced by Lavikainen et al.2, should be adopted to 
identify those patients that stand to benefit.

In conclusion, in modern practice the incidence of 
postoperative VTE is low. Extended prophylaxis appears safe, 
yet the clinical efficacy remains uncertain. Further work is 
required to define patients who stand to benefit.

Table 1 (continued)

Extended pharmacological VTE prophylaxis (≥28 days of LWMH)

No (n = 7901) Yes (n = 3670) Total (n = 11 571) P*

Critical care admission
No 6831 (86.5) 2794 (76.1) 9625 (83.2) <0.001
Yes 1069 (13.5) 875 (23.8) 1944 (16.8)
Missing 1 (0.0) 1 (0.0) 2 (0.0)

Postoperative SARS-CoV-2 infection
No 7569 (95.8) 3538 (96.4) 11 107 (96.0) 0.128
Yes 312 (3.9) 123 (3.4) 435 (3.8)
Missing 20 (0.3) 9 (0.2) 29 (0.3)

Duration of hospital stay (days)
Median (i.q.r.) 3.0 (1.0–5.0) 6.0 (4.0–8.0) 4.0 (2.0–7.0) <0.001†

Values are n (%) unless otherwise indicated. *Chi-squared test or Fisher’s exact test unless otherwise indicated. †Mann–Whitney test. ‡Includes those who stopped 
smoking within 6 weeks of surgery. VTE, venous thromboembolism; LMWH, low molecular weight heparin; i.q.r., interquartile range; IDDM, insulin-dependent 
diabetes mellitus; IBD, inflammatory bowel disease; COPD, chronic obstructive pulmonary disease.
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All patients

Unadjusted rate: 40.0% (IQR: 18.0–75.0) Adjusted rate: 11.5% (IQR: 1.7–66.8)

Unadjusted rate: 64.5% (IQR: 33.0–89.3) Adjusted rate: 53.1% (IQR: 12.9–87.4)

Unadjusted rate: 83.0% (IQR: 50.0–100.0) Adjusted rate: 78.2% (IQR: 40.4–93.0)
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Fig. 2 Funnel plots for rate of extended venous thromboembolism prophylaxis per centre (overall rate and adjusted for case mix) 

Circles, continuous lines, dashed lines, and dotted lines represent single centres, overall medians, 95% confidence intervals, and 99% confidence intervals 
respectively. a, c, e shows the rate of extended VTE prophylaxis per centre. b, d, f shows the adjusted rate. The extended venous thromboembolism prophylaxis 
rate was adjusted for: age, sex, BMI, ASA grade, previous VTE events, active cancer, type of procedure, operative urgency, operative approach, duration of 
operation, critical care admission, and hospital (random effect). VTE, venous thromboembolism.
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W Xu, K A McLean, R Blanco-Colino, N Brindl, S Brown, 

W A Cambridge, D Chaudhry, K Gressmann, R R Gujjuri, 
A Hilder, A Jaffer, I Jakaityte, S K Kamarajah, M Kawka, O Kouli, 
E Matey, K A McLean, A Mergo, E C Mills, V Murray, Szy Ooi, I S 
Pereira, A M Riad, A Sgrò, S Q Shafi, I Trout, A Turňa, 
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Table 2 Post-discharge venous thromboembolism and bleeding events at 30 days, by extended pharmacological venous 
thromboembolism prophylaxis, before and after propensity score weighting

Extended pharmacological VTE prophylaxis (≥28 days of LWMH)

Unweighted PS weighted

No Yes Total P* No, % Yes, %

All patients n = 7901 n = 3670 n = 11 571
Post-discharge clinically relevant VTE events (overall)

No 7896 (99.9) 3663 (99.8) 11 559 (99.9) 0.062 99.9 99.9
Yes 5 (0.1) 7 (0.2) 12 (0.1) 0.1 0.1

Post-discharge clinically relevant VTE events (by type of event)
No 7896 (99.9) 3663 (99.8) 11 559 (99.9) 0.041
DVT 4 (0.1) 3 (0.1) 7 (0.1)
PE 1 (0.0) 4 (0.1) 5 (0.0)

Post-discharge clinically relevant bleeding events (overall)
No 7850 (99.4) 3634 (99.0) 11 484 (99.2) 0.046 99.3 99.2
Yes 49 (0.6) 36 (1.0) 85 (0.7) 0.7 0.8
Missing 2 (0.0) 0 (0.0) 2 (0.0)

Post-discharge clinically relevant bleeding events (by type of event)
No 7850 (99.4) 3634 (99.0) 11 484 (99.2) 0.098
Clinically relevant non-major bleeding 39 (0.5) 29 (0.8) 68 (0.6)
Major bleeding 10 (0.1) 7 (0.2) 17 (0.1)
Missing 2 (0.0) 0 (0.0) 2 (0.0)

Complex major surgery n = 3291 n = 3341 n = 6632
Post-discharge clinically relevant VTE events (overall)

No 3287 (99.9) 3334 (99.8) 6621 (99.8) 0.549 99.8 99.8
Yes 4 (0.1) 7 (0.2) 11 (0.2) 0.2 0.2

Post-discharge clinically relevant VTE events (by type of event)
No 3287 (99.9) 3334 (99.8) 6621 (99.8) 0.512
DVT 3 (0.1) 3 (0.1) 6 (0.1)
PE 1 (0.0) 4 (0.1) 5 (0.1)

Complex major surgery and active cancer n = 1570 n = 2857 n = 4427
Post-discharge clinically relevant VTE events (overall)

No 1567 (99.8) 2851 (99.8) 4418 (99.8) 1.000 99.8 99.7
Yes 3 (0.2) 6 (0.2) 9 (0.2) 0.2 0.3

Post-discharge clinically relevant VTE events (by type of event)
No 1567 (99.8) 2851 (99.8) 4418 (99.8) 0.157
DVT 3 (0.2) 2 (0.1) 5 (0.1)
PE 0 (0.0) 4 (0.1) 4 (0.1)

Values are n (%) unless otherwise indicated. *Chi-squared test or Fisher’s exact test. VTE, venous thromboembolism; LMWH, low molecular weight heparin; PS, 
propensity score; DVT, deep-vein thrombosis; PE, pulmonary embolism.

Table 3 Summary of effect estimates of extended pharmacological prophylaxis (greater than or equal to 28 days of low molecular 
weight heparin) for 30-day post-discharge clinically relevant venous thromboembolism and bleeding events, before and after 
propensity score weighting

Univariable analysis Multilevel analysis PS weighting analysis

OR (95% c.i.); P Number 
in model

OR (95% c.i.); P Number 
in model

OR (95% c.i.); P Number 
in model

Post-discharge clinically  
relevant VTE
All patients 3.02 (0.96,10.20); 0.059 11 571 1.61 (0.44,5.90); 0.473 11 545 1.13 (0.33,3.90); 0.848 9889
Complex major surgery 1.73 (0.52,6.59); 0.385 6632 1.40 (0.38,5.19); 0.613 6626 1.15 (0.32,4.21); 0.828 5769
Complex major surgery and 
active cancer

1.10 (0.29,5.21); 0.894 4427 1.14 (0.28,4.63); 0.851 4426 1.36 (0.33,5.57); 0.669 3907

Post-discharge clinically relevant  
bleeding
All patients 1.59 (1.02,2.44); 0.036 11 569 1.34 (0.80,2.24); 0.265 10 536 1.07 (0.64,1.81); 0.792 9887

The reference group is pharmacological venous thromboembolism prophylaxis until discharge. PS, propensity score; VTE, venous thromboembolism.
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V Milosavljevic, B Tadic, J Kosir, R Blanco-Colino, S Pérez Ajates, 
M E Ossola Revilla, A Papadia, C Riboni, M L Gasparri, M K Aktas, 
B E Baki, M D Tepe, A U Mutlu, A Singal, J Osei-Bonsu, H Lacey, 
S W Chan, M Allison, K Duah-Asante, D Chen, N Ahmed, A Ejiz, 
C Takyi, M Mujeeb, N Ravikumar, M Khan, J Hayes, J Mckenna, 
J Wang, N Essa, H Xianghan, L Ko, Y Aldabbagh, J Plascevic, 
N Zia, R Ismail, Y Kamel, I Epanomeritakis, R Tan, N Chiu, 
A Naeem, M Kakwani, R Mehra, K Feeney, C L Yan Naing, 
A Qureshi, A Richens, H Li, R Ahmed, L Wilson, S Abraha, I Dajti, 
S Mikalauskas, J Kahn, D Kniepeiss, M Kušar, A Belarmino, 
J Frenk, I Mikalauskiene, A Angelis, J E Waha, S Al-Sharafy, 
M Sandano, P Schemmer, C Reiterer, K Horvath, A Taschner, 
S Riss, F Harpain, C Dawoud, N Hantáková, N Adamowitsch, 
S Schallmeiner, T Christian, V Xu, M M Kuhrn, K M Widmann, 
B Capek, B Kama, S Turgut, L Hauptmann, M de Cillia, 
M Grünbart, H Hoi, A Binder, T Gürtler, P Riedl, D Mayer, K Van 
Belle, O Wautelet, E Dekkers, E Van Daele, T Apers, G Van 
Ramshorst, F Berrevoet, N Rennie, P Dries, P Panta, A Denys, 
W Pype, T Bauwens, N Renard, S Violon, J Stijns, T Van De 
Winkel, E Van Eetvelde, M Salibasic, S Delibegovic, S Pusina, 
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Bento, R Novysedlák, J F Smetana, T Novák, T Zdobinska, 
M Švarc, E Hejduková, K Havlová, A Vaishevich, J Čorňáková, 
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D Lazauskaitė, K Urbonas, V Šlenfuktas, I Grikytė, 
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W Wysocki, E Starek, N G Nowak, R Tarkowski, G Wallner, 
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F Grama, A Chitul, C Bezede, E Ciofic, A Beuca, V Bintintan, 
D Muresan, A Raluca-Cristina, R Rad, S Șușman, C Suciu, J Abu 
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A Vukadinović, A Vukadinović, B Stojanovic, D Radovanovic, 
A Cvetkovic, I Radosavljevic, M Sreckovic, B Milosevic, 
N Markovic, M Spasic, M Pavlovic, D Lazic, R Vucic, B Tadic, 
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L Andric, L Aleksić, S Kmezić, I Pavlovic, M Djukanovic, 
B Milojevic, Z Dzamic, M Petrovic, K Jeremic, I Pilic, B Milosevic, 
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A Jovanovic, D Cvijanovic, I Ladjevic Likic, M Radojevic, J Ćupić, 
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H Metin, A Yılmaz, E Turan, G Şimşek, A Kılınç, M E Şahin, 
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E Kabul Gürbulak, M Ajredini, I E Cakcak, I H Atakan, A Göztepe, 
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Çelik, Ö Karbuş, S Demirli Atici, B Abud, H Erdinç, K B Ön, 
B Sevinç, N Damburacı, E Altiner, B Özdemir, Ö Manisalı, G Ural, 
M K Topal, T Can, S Ercan, S Kaynar, O Emanet, M Javadov, U B 

Demir, A Erdem, F Demircan, M Yelmenoğlu, E Seçen, B Alkışer, 
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