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ABSTRACT
Purpose: To compare the outcomes of using prophylactic direct oral anti-coagulants (DOAC) 
and low-molecular-weight heparin (LMWH) after major urologic surgery.
Materials and Methods: Systematic literature searches of MEDLINE, Embase, Web of Science, 
and Cochrane CENTRAL were performed up to 9 November 2023, and protocols were regis
tered on PROSPERO (CRD42024494424). The primary outcomes were post-operative incidence 
of VTE and bleeding. The secondary outcomes included re-admissions and transfusions 
needed, post-operative complications and exploring the radical cystectomy sub-group. 
Outcomes were reported in 30 and 90 days where feasible with sub-group analysis.
Results: Searches yielded four studies that included 856 patients and the outcomes were 
reported within 30 and 90 days, with sub-analysis performed for each time-interval. We found 
no statistically significant differences between DOAC and LWMH within neither primary nor 
secondary outcomes; VTE events (RR 0.36; p = 0.06); bleeding events (RR 0.64; p = 0.45); re- 
admissions (RR 1.14; p = 0.39); transfusions (RR 0.42; p = 0.05) within 0–90 days and post- 
operative complications within 30 days (RR 0.76; p = 0.17). Similar results were found when 
exploring radical cystectomy sub-group: VTE risk (RR 0.42, p = 0.15), bleeding risk (RR 1.09; p =  
0.90), and re-admissions to hospital (RR 1.18, p = 0.35). Limitations include small sample size, 
and difficult generalization to all urological surgery as most of the analyzed cohort underwent 
radical cystectomy.
Conclusion: DOACs may be a safe and possibly cost-effective alternative to LMWH as post- 
operative thromboprophylaxis. However, these findings should be interpreted with caution 
due to limitations; therefore, more randomized studies are needed to ascertain our findings.
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Introduction

Venous thromboembolism (VTE) which includes deep 
vein thrombosis (DVT) and pulmonary embolism (PE) is 
a source of increased morbidity and mortality follow
ing major urological surgery [1–4]. A steady decline in 
the incidence of VTE has been demonstrated since the 
introduction of post-operative VTE prophylaxis proto
cols, with LMWH commonly used as the standard 
choice [1,5]. The introduction of direct oral anticoagu
lants (DOACs) has expanded anticoagulant options [6]. 
In the surgical context, the American Society of Clinical 
Oncology (ASCO) recently updated their guidelines 
with DOACs as an option for post-operative prophy
laxis following oncological surgery [7]. A meta-analysis 
comparing DOACs to LMWH in non-cardiac surgeries 
illustrated the possibility of DOACs being an alternative 
to LMWH in post-operative thromboprophylaxis [8]. As 
LMWH is commonly administered via subcutaneous 
injection, fear of needles may present a barrier to 
adherence, whereas DOACs provide a convenient oral 

alternative. DOACs could improve patient adherence 
and possibly compliance [9]. Additionally, DOACs come 
with the added benefit of possible cost-effectiveness, 
as LMWH prescriptions tend to be more costly in some 
healthcare systems [9]. It is therefore worth investigat
ing DOACs as an alternative to LMWH for post- 
operative thromboprophylaxis in urological surgery.

The primary aim of this systematic review and meta- 
analysis is to compare DOAC to LMWH in terms of 
incidence of post-operative VTE and post-operative 
bleeding at 30 and 90 days after urological surgery. 
The secondary aims are to compare post-operative 
complications in both groups at 30 and 90 days and 
to explore the same outcomes in the radical cystect
omy sub-group.

Materials and methods

This systematic review and meta-analysis was per
formed in line with recommendations from the 
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Cochrane Collaboration and the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis 
(PRISMA) statement guidelines and registered on 
PROSPERO (CRD42024494424).

Eligibility criteria

Inclusion in this systematic review and meta-analysis 
was restricted to studies that met all the following 
inclusion criteria. The article must compare DOACs to 
LMWH specifically, as prophylaxis against VTE. The 
patient population must have undergone major urolo
gical surgery. Some, or all relevant outcomes, such as 
the incidence of VTE, or bleeding events, must be 
reported by the study. Both randomized and non- 
randomized studies were permitted for inclusion, 
with no restrictions regarding time of patient follow- 
up. Articles that satisfied any of the following exclusion 
criteria, however, were removed. Any anti-coagulation 
different to DOAC or LMWH, or a lack of head-to-head 
comparison between DOAC and LMWH, prompts 
exclusion. Populations that underwent surgery outside 
the field of urology were excluded. If no relevant out
come was reported, the study was excluded. Lastly, 
publications that were not observational cohort stu
dies, such as review articles, case reports, and case 
series, were excluded.

Literature search

We searched the following databases: PubMed, 
Embase, Cochrane Library, and Web of Science. The 
search was conducted from inception up until 
9 November 2023 and utilized the following terms as 
well as synonyms and relevant medical subheadings:

(1) ‘Thrombus’, ‘Thromboembolism’, or ‘pulmonary 
embolism’ and similar synonyms of thromboem
bolic disease.

(2) ‘Direct Oral Anticoagulants’ and synonyms as 
well as individual drugs such as ‘rivaroxaban’ 
or ‘apixaban’.

(3) ‘Low-molecular-weight heparin’ and synonyms 
as well as individual drugs such as ‘enoxaparin’ 
were used.

(4) Urological surgeries such as ‘cystectomy’ and 
‘prostatectomy’ as well as the medical sub
heading of ‘urology’. We combined the four 
parts of our search strategy with the Boolean 
operator ‘AND’ and then used the Boolean 
operator ‘OR’ to cover synonyms within each 
sub-topic to maximize the breadth of our 
search strategy.

Two authors (M.R. and A.M.) independently screened 
extracted relevant articles following our predefined 
search criteria and quality assessment, which was 

completed on November 17, 2023. After retrieving 
studies from our primary databases, we implemented 
backwards and forwards snowballing, looking at which 
articles cite or were cited by the authors to help find 
more studies outside our databases. We also searched 
Google Scholar and searched for any previous sys
tematic or narrative reviews for the inclusion of any 
grey literature such as conference/meeting abstracts, 
of which we failed to retrieve any.

Outcomes, endpoints, and sub-group analysis

Our primary outcomes of interest include any venous 
thromboembolic event reported, as well as bleeding 
events. VTE events include pulmonary embolism or 
deep vein thrombosis, and the incidence of such 
events within study cohorts constitutes our measure
ment of efficacy. Bleeding events are defined as any 
bleeding that prompts a visit to a hospital, and such an 
adverse event entails our main measurement of safety. 
Secondary outcomes include complications post- 
operatively, any blood transfusions needed, and re- 
admissions to hospital within 90 days.

We conducted sub-group analysis based on the 
time interval when the outcome was reported, e.g. 
bleeding risk at 30 days, and at 90 days. We also 
planned to conduct a separate sub-group analysis on 
radical cystectomy alone as our preliminary searches 
yielded data specific to radical cystectomy.

Quality assessment and risk of bias

We evaluated the risk of bias in randomized studies 
using version 2 of the Cochrane risk of bias assessment 
tool (ROB2) [10]. Non-randomized studies were 
assessed with the Risk of bias in non-randomized stu
dies – of interventions tool (ROBINS-I) [11], and we 
used the GRADE assessment to present a summary of 
evidence and our judgement.

Two independent authors completed quality of stu
dies assessment (M.R. and J.H.). Disagreements were 
resolved through a consensus after discussion of rea
sons for discrepancy.

Publication bias assessment was investigated by 
funnel-plot analysis of point estimates in relation to 
study weights.

Statistical analysis

Risk-ratios (RR) with 95% confidence intervals were 
used to compare treatment effects for categorical end
points. Continuous outcomes were compared with 
standardized mean differences. A p value < 0.05 was 
considered statistically significant. We assessed hetero
geneity with i2 statistics and Cochran Q test; p-values 
<0.10 and I2 >25% were considered significant for 
heterogeneity
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We used DerSimonian and Laird random-effects 
model for plots with substantial heterogeneity 
(>25%) and a fixed effect model for plots with low 
heterogeneity (<25%). We also performed two sensi
tivity analysis: (1) removing each individual study from 
the outcome assessment and (2) using adjusted risk 
estimates from non-randomized studies, when avail
able. Review manager 5.4 (Cochrane center, the 
Cochrane collaboration, Denmark) was used for statis
tical analysis.

Results

Study selection and baseline characteristics

As detailed in Figure 1, the initial search yielded 2138 
results, with 15 studies remaining after removal of 
duplicate and ineligible records. A total of four studies 
comprising 856 patients were included after fully 

reviewing articles, all of which were non-randomized 
comparative observational studies, three implemented 
retrospectively, and one implemented prospectively.

Study characteristics

Table 1 describes patient baseline characteristics. In 
four studies comprising 856 patients, 353 patients 
received DOAC (41%), and 503 patients (59%) received 
LMWH as post-operative VTE prophylaxis. Most 
patients across all studies underwent radical cystect
omy (76%; n = 652/856), although one study included 
various other urological oncological surgeries such as 
prostatectomy and nephrectomy. In their LMWH 
cohort, Rich et al. [12] administer unfractionated 
heparin or enoxaparin post-operatively throughout 
the patient’s admission, until discharge, and then 
administer 40 mg subcutaneous enoxaparin daily for 
21 days. The DOAC group received apixaban 2.5 mg 

Figure 1. PRISMA flow diagram for study screening.
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twice daily, from post-operative day 1, throughout 
hospital admission, and 21 days after discharge as 
well. Ortiz et al. [13] also used enoxaparin 40 mg in 
33/37 (89%) patients, but variable doses such as 60 mg 
twice daily were also used. Their DOAC group also 
used a variety of DOAC regiments, most of which 
received rivaroxaban 10 mg daily in 21/29 (72%) of 
patients, but also included daily 5 mg of apixaban in 
3/29 (10%) of patients. Their prophylactic course lasted 
30 days post-operatively, and DOAC was used after 5  
days of LMWH. Westerman et al. [14] used 2.5 mg of 
apixaban twice daily, and 40 mg of enoxaparin daily, 
with prophylaxis lasting 28 days after discharge from 
hospital. Most of their patient cohort received no 
thromboprophylaxis post-operatively, up until dis
charge. Lastly, Faraj et al. [15] used either rivaroxaban 
10 mg daily, or 2.5 mg of apixaban twice daily in their 
DOAC cohort, for 30 days, after 3 days of 5000 units of 
heparin given post-operatively. Their control group uti
lised 40 mg of enoxaparin daily. Variability was found 
between studies in terms of bleeding outcome criteria 
and time of follow-up.

Pooled analysis of studies

Primary outcomes

There was no statistically significant difference in 
between patients receiving DOAC or LMWH as thrombo
prophylaxis in terms of bleeding or VTE incidence. In 
Figure 2, no statistically significant difference between 
DOAC and LMWH was found in VTE events in 0–90 days 
(0.85% VS 3.18%; RR 0.36, 95% CI [0.12, 1.03]; (p = 0.06); 
i2 = 0%). There was also no statistically significant differ
ence when analyzing sub-groups of 30, and 90-day out
comes of VTE events, respectively; (p = 0.21) and 
(p = 0.15). Heterogeneity was inapplicable for 30-day out
comes but was low in 90-day outcomes (i2 = 0%). 
Exclusionary sensitivity analysis demonstrated no signifi
cant differences when pulling individual studies out.

In Figure 3, no statistically significant difference was 
found in bleeding events between DOAC and LMWH 

(0.85% VS 1.39%; RR 0.64; 95% CI [0.2–2.03]; (p = 0.45); 
i2 = 0%) upon analysis with a fixed effect model. There 
was no statistically significant difference when analyz
ing bleeding sub-groups of 30 and 90 days, respec
tively; (p = 0.36) and (p = 0.89). Moderate 
heterogeneity was found in 30-day bleeding event 
risk (i2 = 40%; p = 0.2). Exclusionary sensitivity analysis 
demonstrated no significant differences when pulling 
individual studies out.

Secondary outcomes

In (Figure 4), no statistically significant difference was 
found between DOAC and LMWH in terms of read
missions in 0–90 days (18.41% VS 16.9% RR 1.14; 95% 
CI [0.85, 1.53]; (p = 0.39); i2 = 0%). There was also no 
statistically significant difference when analyzing sub- 
groups of 30- and 90-day outcomes of readmissions, 
respectively; (p = 0.79) and (p = 0.21). Exclusionary sen
sitivity analysis demonstrated no significant differ
ences when pulling individual studies out

In (Figure 5), no statistically significant difference 
between DOAC and LMWH was found in terms of 
transfusions needed in 0–90 days (3.5% VS 6.23%; RR 
0.42; 95% CI [0.18, 0.98]; (p = 0.05); I2 = 0%). Minimal 
heterogeneity was found [i2 = 0%]. Using a random 
effects model, however, yielded (p = 0.04), which sig
nificantly favored DOAC.

In (Figure 6), no statistically significant difference 
between DOAC and LMWH was found in post-operative 
complications within 0–30 days (33% VS 46%; RR 0.76; 
95% CI [0.51, 1.12]; (p = 0.17) i2 = 32%). Moderate hetero
geneity was present (i2 = 32%; p = 0.23).

Outcomes in radical cystectomy

In Figure 7, no statistically significant difference was 
found between groups in terms of VTE incidence after 
radical cystectomy within 0–90 days (1.507% VS 3.801%; 
RR 0.42; 95% CI [0.13, 1.35] (p = 0.15) i2 = 0%). Minimal 
heterogeneity was found (i2 = 0%; p = 0.91). Exclusionary 

Figure 2. Forest plot assessing VTE events in up to 90 days.

88 M. RAMADHAN ET AL.



sensitivity analysis demonstrated no significant differ
ences when pulling individual studies out.

In (Figure 8) no statistically significant difference 
was found between groups in terms of incidence of 
bleeding after radical cystectomy within 0–90 days 
(1.507% VS 1.169%; RR 1.09; 95% CI [0.24, 4.27] 
p = 0.90). Minimal heterogeneity was found 
(i2 = 0%, p = 0.49). Exclusionary sensitivity analysis 

demonstrated no significant differences when pull
ing individual studies out.

In (Figure 1, supporting material), no statistically 
significant difference was found between groups in 
re-admissions to hospital in 90 days after radical 
cystectomy (22% VS 19%; RR 1.18 95% CI [0.84, 
1.66] p = 0.35). Minimal heterogeneity was found 
(i2 = 0%)

Figure 3. Forest plot analysing bleeding events in up to 90 days.

Figure 4. Forest plot analysing re-admissions to hospital in up to 90 days.

Figure 5. Forest plot analysing transfusions needed in up to 90 days via fixed effect model.
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Quality assessment of studies and risk of bias

The Risk of Bias in Non-randomised Studies tool by 
Cochrane (ROBINS-I) was used to assess the quality of 
studies and risk of bias, as detailed in Figure 9. Two 

studies carried a potential serious risk of bias upon 
assessment, and two studies carried a potential mod
erate risk of bias. No studies were deemed low risk for 
bias.

Figure 6. Forest plot analysing post-operative complications in 30 days.

Figure 7. Forest plot analyzing VTE events in 0–90 days in radical cystectomy patients.

Figure 8. Forest plot analysing bleeding events in 0–90 days in radical cystectomy alone.
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On funnel plot analysis for publication bias of pri
mary outcomes, studies occupied asymmetrical distri
bution regarding VTE events (Figure 2, supporting 
material). However, studies occupied a symmetrical 
distribution via funnel plot, regarding the primary out
come of bleeding events (Figure 3 supporting material) 
according to weight, and converged towards the 
pooled effect as weight increased.

On funnel plot analysis of secondary outcomes, 
studies occupied symmetrical distribution according 

to weight, and converged towards the pooled effect 
as weight increased, regarding the outcomes of read
missions in 90 days, and post-operative complications 
in 0–30 days (Figures 4 and 5, supporting material). 
However, studies occupied an asymmetrical distribu
tion via funnel plot when analyzing the outcome of 
transfusions in 0–90 days (Figure 6, supporting 
material).

We summarize our findings using the GRADE assess
ment in Figure 10.

Figure 9. Risk of bias assessment using ROBINS-I.

Figure 10. Summary of Findings Table using the GRADE assessment.
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Discussion

In this systematic review and meta-analysis, we found 
no statistically significant differences between DOAC 
and LMWH at 90 days in terms of VTE (p = 0.06), bleed
ing risk (p = 0.45), readmissions (p = 0.39), transfusions 
required (p = 0.05), and lastly post-operative complica
tions at 30 days (p = 0.17). Sub-group analysis did not 
show differences in the outcomes at 30 or 90 days or 
outcomes in the radical cystectomy sub-group.

Our results are in keeping with findings in the pub
lished literature. Dabigatran was shown to be safe after 
prostatectomy in 398 patients, of which only one 
developed a VTE and nine developed bleeding [16]. 
Apixaban was also found to be safe, and effective in 
a cohort of 72 patients undergoing radical cystectomy, 
with no VTE nor bleeding experienced [17]. While 
these studies demonstrated safety in the urological 
setting, conclusions could not be drawn as no compar
isons were made to the standard LMWH. Furthermore, 
several meta-analyses demonstrated the safety and 
efficacy of DOACs in comparison to LMWH injections 
post-operatively, although most of the evidence is 
reported within orthopedic surgery [8,18]. Marcucci 
and colleagues, however, demonstrated the safety 
and non-inferiority of DOACs in intra-abdominal sur
gery, but only included one study in urological sur
gery [8].

Radical cystectomy brings a particular population 
that has higher morbidity and VTE incidence compared 
to the remainder of urologic oncology surgery [19–21]. 
VTE occurrence is roughly 4–5%, expected within the 
first 20 days [19,20]. In an exploratory sub-group ana
lysis, we analyzed 652 patients who underwent radical 
cystectomy found in the analyzed studies; DOACs were 
comparable to LMWH in preventing VTE up to 90 days 
(p = 0.15). There were no significant differences in 
terms of bleeding events (p = 0.90) or hospital re- 
admissions in up to 90 days (p = 0.35).

Current standard practice among urologists shows 
preference towards using LMWH as the standard 
thromboprophylaxis with only a minority opting for 
DOAC [5]. DOACs provide the convenience of an oral 
option compared to subcutaneous administration of 
LMWH. Patients may have several potential barriers 
with subcutaneous injections such as fear of needles, 
lack of healthcare professionals administering them, or 
inability to self-inject, which may impact compliance. 
Westerman and colleagues evaluated compliance in 
their cohort and noted better adherence with DOACs 
[14]. This was echoed by Khorana and colleagues, 
where they found improved continuity of treatment 
with DOAC compared to LMWH, as well as a tendency 
of patients switching from LMWH to other anticoagu
lants [22]. On the other hand, Schaefer and colleagues 
found no significant differences between DOAC (95.6% 

adherence) and LMWH (94.6% adherence) [9]. Despite 
the conflicting data assessing compliance, treatment 
should ideally be individualized to the needs of the 
patients. If DOACs provide a safe and possibly equiva
lent alternative to LMWH, it ultimately serves the indi
vidual patient to have that choice.

Furthermore, data from Spain and the United States 
suggest higher prescription costs associated with 
LMWH compared to DOAC [9,23]. Schafer notes an 
average cost of 153.61$ for LMWH vs 40.67$ for 
DOAC, while Munoz and colleagues note a 12-month 
cost of 1994€ for DOAC, and 2152€ for LMWH. Bhalla 
et al.’s cost-analysis suggests savings of $39 per patient 
per day by using apixaban compared to enoxaparin, 
and they also estimated a higher non-adherence rate 
in LMWH (23% non-adherence) compared to DOAC 
(10% non-adherence) [24]. This is further echoed by 
Li et al., estimating 5-year savings of 24,129$ when 
using DOAC instead of LMWH [25]. Such cost savings 
are beneficial to the healthcare system, and become 
more imperative when factoring in the cost burden of 
VTE on hospitals [26].

That being said, what is the appropriate regiment for 
patients? Our studies mostly incorporated apixaban, 
however, both rivaroxaban, and dabigatran were also 
utilized. The doses and duration of prophylaxis also var
ied, although prophylaxis generally lasted 21–30 days. 
Apixaban 2.5 mg, twice daily, was most commonly 
used. As most of our cohort went radical cystectomy, 
apixaban may therefore be a more suitable option, com
pared to rivaroxaban, which may carry a higher risk of 
bleeding according to literature studying CKD, and CVD 
patients [27,28]. A challenge also arises as DOACs are 
cleared by the kidney [29], carrying important implica
tions to urological patients whom may already present 
with impaired renal function, or are due for nephrectomy. 
Dabigatran in particular has a clearance of up to 80% in 
the kidney, which could make it less favorable [29]. This 
discussion remains a hypothesis, as there was a paucity of 
direct comparison between DOACs for surgical patients 
under urology, to the best of our knowledge. Therefore, 
a significant gap in the literature needs to be filled with 
robust research, to elucidate an ideal regiment for 
patients.

Our findings suggest that DOACs are a possible safe 
and effective alternative to LMWH for patients under
going urological surgery. We believe this is an attrac
tive option for patients and urologists, and it is less 
costly for healthcare systems. These hypothesis gener
ating findings should be explored in a prospective 
fashion as it may expand the standard of care options.

Strengths and limitations

To the best of our knowledge, this is the first meta- 
analysis to investigate this topic. Additionally, we further 
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explored the radical cystectomy cohorts within the stu
dies, which represents the highest risk sub-group for 
VTE and complications and is the group of most interest 
in the field. However, limitations must be taken into 
account when interpreting our findings. Firstly, we 
have a limited sample of 4 studies and 856 individuals 
and none of the included studies are randomized, which 
places them at a significant risk of bias. Even though 
patients needed less transfusions in 90 days when on 
DOAC is noteworthy, analysis of this outcome only 
included two studies, one of which had a serious risk 
of bias, weakening our certainty. There was also varia
bility in follow-up and reporting outcomes within 30 
and 90 days. While sub-analysis and a pooled analysis 
of data were performed, we cannot exclude that our 
sub-analysis was underpowered to detect any differ
ence in outcomes. Substantial variability was also 
noted in the definition of bleeding within studies. 
Therefore, we cannot exclude that some studies may 
have under-reported bleeding outcomes due to more 
strict definitions of bleeding. Significant heterogeneity 
was noted in two of our outcomes (30-day complica
tions and transfusions within 90 days). We hypothesize 
that this is likely due to the low number of studies. The 
vast majority of the cohorts included underwent radical 
cystectomy. It is therefore difficult to generalize our 
findings to all urological surgeries. Lastly, choosing the 
right prophylactic regiment remains a grey area needing 
significant research, for which we cannot confidently 
suggest meaningful changes to guidelines, as of yet.

Conclusions

In this meta-analysis, we were able to demonstrate that 
there is no difference in VTE and bleeding outcomes 
between DOAC and LMWH in major urologic oncology 
surgeries. These findings could potentially support 
future use of DOAC as a safe and cost-effective alter
native to LMWH. However, our findings are with limita
tions, which render generalizations difficult. Further 
studies are needed to validate our findings.
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