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Abstract

Background: Major surgery patients are at a notably increased risk for venous thromboembolism, which includes deep vein
thrombosis and pulmonary embolism, two dangerous and potentially preventable conditions.

Objective: This study aimed to compare the efficacy and safety of mechanical, pharmacological, and combined
thromboprophylaxis strategies in preventing venous thromboembolism (VTE) in high-risk surgical patients.

Methods: A Bayesian network meta-analysis was performed using data from randomized controlled trials (RCTs) and
prospective cohort studies. The primary outcomes were deep vein thrombosis (DVT), pulmonary embolism (PE), and major
bleeding.

Results: Combined thromboprophylaxis was the most effective in preventing DVT and PE, but it was associated with a
higher risk of major bleeding. Mechanical prophylaxis provided the best safety profile, although it was less effective than
combined or pharmacological prophylaxis in preventing thromboembolic events.

Conclusion: Combined prophylaxis is recommended for high-risk surgical patients, but careful consideration of bleeding
risk is necessary. Further studies should explore optimal dosing regimens and bleeding risk assessment tools.
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Introduction

Major surgery patients are at a notably increased dealing with the first factor in Virchow's triad.> They

risk for venous thromboembolism, which incl- are also free from the risks of causing widespread
udes deep vein thrombosis and pulmonary embo- anticoagulation and haemorrhage, which is an added
lism, two dangerous and potentially preventable advantage in patients with high bleeding risks or
conditions. It is still a major source of morbidity and contraindication to pharmacological therapy.6 While
mortality in the perioperative period, especially for pharmacological prophylaxis: low molecular weight
patients at increased risk for venous thromboembo- heparin, unfractionated heparin, or direct oral antico-
lism such as those undergoing oncological, vascular agulants are well known to be more effective in
and major orthopedic surgery.2 Surgical patients are reducing the incidence of DVT and PE amongst most
at a higher risk of thrombotic events due to several surgical patients.457Clinical guidelines used in prac-
prothrombotic factors such as tissue injury, endothe- tice vary depending on the type of surgery and the
lial dysfunction, 1mmob1hty, hypercoagulable state, patient risk factors. The study showed that ACCP
local tissue injury as well as thrombophilia secondary guidelines support the use of pharmacologic thromb-
to malignancy.3* There are two main ways to oprophylaxis in the patients who are to undergo
approach the problem of venous thromboembolism high-risk surgery especially if the risk of bleeding is
prophylaxis: mechanical and pharmacological. Inter- not high.* However, they also include guidelines for
mittent pneumatic compression devices and gradu- routine adjunctive or mechanical prophylaxis for
ated compression stockings are types of mechanical some of the population in cases wherein dangers of
procedures that facilitate venous return and also bleeding outweigh possible thrombotic dangers. On
minimize stasis in the limbs, and as such, is useful in the other hand, the current NICE guidelines for
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Canada also advocate for the use of both mechanical
and anticoagulant prophylaxis in patients with very
high venous thromboembolism risk.8

The efficacy and risk of each thromboprophylactic
approach depend on various factors such as the
cancer type and stage, type of surgery, Kidney
function, and prior history of thromboembolism and
bleeding respectively.? For instance, patients under-
going oncologic surgical possess some risk factors for
both thrombosis and bleeding than other surgical
patients. Existing research in the form of the
ENOXACAN 1I trial has shown that LMWH has
protection beyond the period of cancer surgery,’* a
finding which is contradicted by others, which
revealed an increased risk of hemorrhage due to
pharmacologic prevention.!® However, the majority
of past thromboprophylaxis comparison studies are
shaped by pairwise designs or targeted toward
specific patient surgical cohorts, which reduces the
external validity of such findings. However, precise
heterogeneity in dosing regimens, initiation time and
definitions of bleeding hampers evidence console-
dation. In this context, a network meta-analysis
(NMA) helps to synthesize directly, and indirectly
obtained data regarding various interventions in
order to establish a hierarchy of thromboprophylactic
strategies in accordance with their efficacy and
safety.’2 The primary objective of this systematic
review and network meta-analysis is to provide an
overview about the efficacy and bleeding risk
associated with mechanical compared to pharma-
cological thromboprophylaxis in high risk surgical
patients encompassing, but not limited to malignant
and vascular surgery. This systematic review aims to
integrate knowledge from various clinical trials in
order to provide relevant data for a more effective
decision-making process and the improvement of
thromboprophylaxis approaches based on factors of
patients and procedures.

Methods
Study Design

This study was a systematic review and network
meta-analysis (NMA), and the process followed was
in line with the PRISMA-NMA guidelines. The study
was registered in the PROSPERO database at the time
of the trial design (Registration number to be added
upon approval) to ensure the report’s transparency
and replicability. Sensitivity meta-analysis of all

direct and indirect comparisons across eligible RCTs
and preference-incorporating HPCS comparing mec-
hanical and pharmacological thromboprophylaxis in
high-risk surgical populations was performed using
a Bayesian approach. This study is registered with
prospero (CRD420251037695).

Selection Criteria

With regard to patient selection, all studies to be
considered for this review had to assess adult
patients (218 years) who had high-risk surgery with
baseline venous thromboembolism risk factors.
High-risk surgical patients are defined as those
undergoing major abdominal or oncological, vasc-
ular, or orthopedic surgeries who also have addit-
ional pre-existing conditions that increase their risk
for venous thromboembolism (VTE), such as a
history of thromboembolic events, immobility, or
malignancy. Inclusion criteria were based on the
treatment being compared to any kind of mechanical
thromboprophylaxis, including IPC, GCS compared
to pharmacological agents, including LMWH, UFH,
DOAC:s or their combinations.

Inclusion Criteria

Studies included in the analysis were: (I) only RCTs
or prospective cohort studies done on the surgical
patients who were at high risk developing thromboe-
mbolic events (TE), including deep venous thrombo-
embolism and pulmonary embolism, (II) at least one
direct comparison of thromboprophylaxis strategies
used (mechanical vs pharmacological or both), (III)
primary outcome reported by the authors included at
least one of DVT, PE, major bleeding events or
mortality (IV) full text available in English. There
were selections done on the papers with minimum
follow up of one week post surgery to enable
adequate evaluation of thromboembolic events.

Exclusion Criteria

The following were considered exclusion criteria :
retrospective study designs, studies based on
pediatric or obstetric populations, and studies carried
out on low risk procedures. By the stopping criteria,
studies that had no or insufficient comparator arms
or outcome data, or used prophylactic regimens that
are no longer used in contemporary practice were
excluded. To exclude less informative sources, non-
scientific publications, editorials, case reports, and
conference abstracts with no full text were also not
included.
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Search Strategy

A comprehensive and systematic search of multiple
databases —PubMed /MEDLINE, EMBASE, Cochr-
ane Central Register of Controlled Trials (CENT-
RAL), Scopus, and Web of Science —was performed
from January 2000 to March 2024. Search terms were
developed based on Medical Subject Headings
(MeSH) and included combinations of keywords
such as “deep vein thrombosis,” “pulmonary embo-
lism,” “thromboprophylaxis,” “mechanical prophyl-
axis,” “heparin,” “low molecular weight heparin,”
“high-risk surgery,” “oncologic surgery,” and
“vascular surgery.” Boolean operators and trunc-
ation were used to refine the search. Grey literature
was searched via ClinicalTrials.gov and WHO
ICTRP. Reference lists of included articles and
relevant reviews were hand-searched to identify
additional eligible studies.

Study Question

The central question of this network meta-analysis
was to determine whether mechanical or pharmacol-
ogical thromboprophylaxis, or a combination of both,
offers superior protection against DVT and PE in
patients undergoing high-risk surgeries, and to what
extent these strategies impact bleeding outcomes.
This question was framed wusing the PICOS
(Population, Intervention, Comparison, Outcomes,
Study design) approach as presented below.

PICOS Framework for Research Question of Present Study

/i

PICOS Description
Element P
. Adults undergoing high-risk surgery
Population (oncological, vascular, orthopedic, etc.)
Intervention Mechanical thromboprophylaxis (IPC,
GCS)
. Pharmacological prophylaxis (LMWH,
Comparison UFH, DOACs) or combined strategies
Primary: DVT incidence; Secondary: PE,
Outcomes . . .
major bleeding, mortality
Study Randomized controlled trials (RCTs) and
Design high-quality prospective cohort studies

Data Extraction

Data from all eligible studies for inclusion were
reviewed and extracted by two reviewers using a
data extraction form. Where there were differences,

they were discussed and decided or referred to a
third reader. The following data was extracted:
general information of the study (author, year, coun-
try, sample size), information concerning the patient
(age, sex), information concerning the surgery (kind
of surgery), information concerning the thrombopro-
phylaxis (type of thromboprophylaxis, dose, dura-
tion of the prophylaxis), and the outcome data (DVT,
PE, hemorrhagic events, mortality). Finally, if data
was missing or further details were needed
pertaining to the studies, corresponding authors
were consulted.

Study Outcomes

The main dependent variable was the occurrence of
the phenomenon of DVT in the study and control
groups, both symptomatic and asymptomatic. The
secondary endpoints were in-patient pulmonary
embolism, major bleeding (according to the ISTH
criteria), all-cause mortality and hospital stay dura-
tion. Whenever possible, the bleeding events were
categorized into major or minor forms.

(a) Quality Assessment

The quality of the included RCTs was evaluated
based on the Cochrane Risk of Bias tools 2 (RoB2),
which consists of bias domains, including randomi-
zation, allocation concealment, blinding, incomplete
outcome data, and selective reporting. For other
types of non-randomised controlled trials, the
ROBINS-I tool was used for the assessment. Study
risk of bias assessment was made based on judge-
ments made in seven domains, with each study being
classified as having low, moderate, or high risk of
bias.

(b) Risk of Bias Assessment

Regarding the risk of bias, two reviewers performed
the assessment, and in case of disagreement, a cons-
ensus was reached. Risk of bias graphs and summary
tables were created by using Review Manager
(RevMan) software of version 5.4. Publication bias
was checked by visually examining funnel plots, and
Egger’s test was applied when the number of trials
causing an outcome was ten or more. They also wor-
ked sensitivity analyses to determine the influence of
study quality in the general effects.

Statistical Analysis

The Bayesian network meta-analysis was performed
in R software 4.2.0 with the aid of the gemtc and
netmeta packages. The fixed and random effects
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models were fitted where the former was chosen on
the basis of Deviance Information Criterion (DIC).
Network meta-analysis was used to combine direct
and indirect incidence estimates of all the compar-
isons of the included interventions. Finally, SUCRA
probabilities were used to estimate the cumulative
ranking for each treatment to compare and determine
its relative effectiveness and safety. Concerning
heterogeneity, it was done using I? statistics for the
direct comparisons and inconsistency by the node-
splitting models. Literature searches were repeated
with the removal of the most sensitive studies, and
the interactions of subgroups of surgical relevance
(oncology, vessels, orthopedic) were assessed. The
quality of network meta-analysis was assessed based
on the CINeMA (Confidence in Network Meta-
Analysis) approach.

Results
Study selection

The study selection process followed the PRISMA
2020 (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. A total of
1,284 records were initially identified through
comprehensive database searches, including Pub-
Med, EMBASE, Cochrane CENTRAL, Scopus, and
Web of Science. After removing 412 duplicates, 872
records underwent title and abstract screening. Of
these, 813 studies were excluded for not meeting the
inclusion criteria related to study design, population,
or intervention. The full texts of 59 articles were then
assessed for eligibility. Following full-text review, 49
articles were excluded for various reasons: 21 were
systematic reviews or meta-analyses, 15 did not
report relevant outcome data, 8 were retrospective
studies, and 5 evaluated interventions unrelated to
thromboprophylaxis. Ultimately, 10 studies met all
PICOS criteria and were included in the qualitative
synthesis and Bayesian network meta-analysis.

Characteristics of Included Studies

Ten studies were included in the final analysis,
comprising six randomized controlled trials101317 and
four prospective cohort studies as shown in Table-
1.1821 The included studies evaluated various throm-
boprophylaxis strategies across different surgical
populations including abdominal/pelvic cancer
surgery,¥ laparoscopic colorectal cancer surgery,!?

Identification

Screening

Included

bariatric surgery,'#1¢ various elective surgeries,!
orthopedic trauma,’” major orthopedic surgery,!8
lower extremity trauma,!® colorectal surgery,20 and
hip and knee arthroplasty.?!

Identification of new studies via databases and registers

Records identified from:
Databases (n = 1,284)

Records removed before screening:
Duplicate records (n =412)

Records
(n=

Records excluded
(n=813)

sereened

872)

Reports not retrieved
(= NAJ

Reports sought for retrieval
n= 59]

Reports excluded:
were excluded for various reasons
21 were systemalic reviews or
meta-analyses 15 did not report
relevant outcome data 8 were
relrospective studies and 5
evalualed interventions unrelated
to thromboprophylaxs (n = 49)

Reports assessed for eligibility
n= 59]

New studies included in review
n= 10]

PRISMA FLOWCHART
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Table 1 : Characteristics of Included Studies

Thrombopro
Author Sample Type of phylaxis Outcomes Follow- Study Risk -
(Year) Country Size Surgery Strategy Measured up Design o ey g
(Type, Dose, Duration Bias
Duration)
Abdominal/ | Enoxaparin DVT, PE, Extended prophylaxis (4
Bergqvist et Pelvic 40 mg SC major weeks) significantly reduced
al. (2002) Sweden 332 cancer daily for 1 vs. bleeding, 30 days RCT Low DVT without increasing
surgery 4 weeks mortality bleeding.
. Symptomatic S
Laparoscopi . Enoxaparin significantly
Nakagawa c colorectal Enoxaparin venous reduced venous
Japan 203 2000IUSC | thromboembol 7 days RCT Low . .
et al. (2020) cancer . - thromboembolism with
surger BID for 7 days 1St Tajor manageable bleeding risk
sery bleeding & g TSk
Enoxaparin .
I . Both agents safe; fondaparinux
Steele et al. USA 120 Bariatric (pre-op) vs. Bleeding, 30 days RCT Mod had non-inferior venous
(2015) surgery Fondaparinux DVT, PE erate . .
thromboembolism prevention.
(post-op)
Shalhoub et Various C];i\fdwuieid DVT, PE, No significant benefit of
UK 1905 elective . mortality, 90 days RCT Low adding stockings to
al. (2020) surgeries Compression bleedin harmacological prophylaxis
8 Stockings 8 p gical prophylaxis.
Rivaroxaban Venous Rivaroxaban reduced venous
Krolletal. | Switzerla Bariatric varoxa thromboembol thromboembolism incidence
286 10mgvs.no | . . 30 days RCT Low - o
(2023) nd surgery rophvlaxis | ST bleeding, without significantly
PIOPRY mortality increasing bleeding.
Stannard et | g, 3p9 | Orthopedic IPC vs. (Ven(])D \r/;r hy), | lddays | RCT | Low ]B%YHr::fne;g i tlliirfr(l);
al. (2006) trauma LMWH graphy), y preven
PE patients.
Lin et al. . Major . Various DVT incidence Prc?spec Mod High 1nc1d.ence. of DVT post-
Taiwan 512 orthopedic (survey- NA tive surgery; highlights need for
(2022) only erate .
surgery based) Cohort prophylaxis.
Lower Venous Prospec DOACs were effective and
Nederpelt USA 497 extremity DOAGs vs. thromboembol | 90 days tive Mod safe alternative to LMWH in
etal. (2021) LMWH . . erate .
trauma ism, bleeding Cohort trauma patients.
Venous Prospec Prophylaxis underused
Nelson et USA 4076 Colorectal Varlf)gs per thromboembol 30 days tive High despite risk stratlflcatlgn;
al. (2015) surgery Caprini score | ism, bleeding, Cohort venous thromboembolism
compliance rates remained significant.
Hip and Protocol- Prospec Risk-stratified approach
Nam et al. p based risk DVT, PE, . p Mod reduced venous
USA 4026 knee . . 90 days tive . .
(2016) arthroplas stratified bleeding Cohort erate thromboembolism with
plasty prophylaxis acceptable bleeding risk.
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Table 2: Risk of Bias Assessment of Included Studies

Author . Randomization e R Measurement of Selective Opverall Risk
Study Design Intended Outcome b .
(Year) Process I . Outcomes Reporting of Bias
nterventions Data
Bergquist et RCT Low Risk Low Risk Low Risk Low Risk Low Risk Low
al. (2002)
Nakagawa RCT Low Risk Low Risk Low Risk Low Risk Low Risk Low
et al. (2020)
Steele et al. . . .
(2015) RCT Some Concerns Low Risk Low Risk | Some Concerns Low Risk Moderate
Shalhoub et RCT Low Risk Low Risk Low Risk Low Risk Low Risk Low
al. (2020)
Kroll et al. . . . . .
(2023) RCT Low Risk Low Risk Low Risk Low Risk Low Risk Low
Stannard et . . . .
RCT Low Risk Some Concerns Low Risk Low Risk Low Risk Low
al. (2006)
Lin et al. Prospective . . . . Moderate
(2022) Cohort Moderate Risk Moderate Risk Low Risk Low Risk Risk Moderate
Nederpelt Prospective . . Some . .
etal. (2021) Cohort Moderate Risk Low Risk Concerns Low Risk Low Risk Moderate
Nelson etal. | Prospective . . . Moderate . . .
(2015) Cohort Serious Risk Moderate Risk Risk Some Concerns | Serious Risk High
Nam et al. Prospective . . . . .
Low Risk Low Risk Low Risk Low Risk Low Risk Moderate
(2016) Cohort

Pooled Effects on Deep Vein Thrombosis (DVT)

Ten RCTs were extracted for the Bayesian network
meta-analysis assessing mechanical, pharmacolog-
ical, and combined thromboprophylaxis strategies in
high-risk surgical patient populations. The meta-
analysis is confirmed in the Table 3, which revealed
that mechanical prophylaxis had significantly lower
odds of DVT than pharmacological prophylaxis with
OR of 0.75 (95% CrI: 0.60-0.93). The comparison of
mechanical tractions and combined tractions provi-
ded an OR of 0.82 (95% Crl, 0.65-1.04), thus, the
Mechanical tractions and combined tractions were
similar. Pharmacological prophylaxis vs the comb-

ined strategy in the pharmacological prophylaxis
versus the combined strategy, an OR of 1.10 (95% CrI:
0.95-1.28) was estimated, which suggested a precon-
dition favoring the combined method although the
difference was slightly big but not statistically signif-
icant. All the inter-study heterogeneity was moderate
to mild and the I? scores varied between 19 and 28
percent. In node-splitting analysis, there were no
significant differences; all the p-values were greater
than 0.2. Inasmuch as these findings have been
presented qualitatively, they are quantitatively
represented in Forest Plot - DVT Outcome as presen-
ted in the Figure 2, showing the point estimate on the

Vol. 2 No. 3 July- September, 2025

116

Avicenna ] Health Sci




Mechanical vs. Pharmacological Thromboprophylaxis in High-Risk Surgical Cohorts: A Network Meta-Analysis of DVT

Muhammad F et al

log-scaled odds ratio. The Funnel Plot - DVT Out-
come (Figure 1) is symmetrical suggesting that there
is low risk of publication bias.

Forest Plot: DVT Outcome

Mechanical vs. Pharmacological L

Mechanical vs. Combined ]

‘

Pharmacological vs. Combined

=y
=

6x 1071 7x107! 8x107t 9x107! 1
)

0Odds Ratio (log scale

Figure 1: Funnel plot assessing publication bias for DVT outco-
mes using odds ratios across included studies

Table 3: Comparative Odds Ratios for DVT Across Thrombopr-
ophylaxis Strategies

. odds |95%ca | % | r | pvaluefor
Comparison A Crl .
Ratio Lower (%) | Inconsistency
Upper
Mechanical vs. | 75 | 060 | 003 | 22 0.37
Pharmacological
Mechanical vs.
Combined 0.82 0.65 1.04 28 0.21
Pharmacological | 15| g5 | 128 | 19 0.44
vs. Combined

Pooling Repercussions to Pulmonary Embolism (PE)
Table 4: Meta-Analysis of Mechanical Prophylaxis
Outcomes Mechanical prophylaxis also had a trend
towards a lower risk of PE when compared to
pharmacological prophylaxis (OR: 0.82; 95% Crl:
0.55, 1.22) though non-significant. The same patterns
were seen in comparison with the combined strategy:
mechanical compared with the combined strategy,
OR was 091 (95% Crl 0.64-1.31); pharmacological
compared with the combined strategy, OR was 1.11
(95% CrlI 0.89-1.42). No publication bias was
observed in the two methods for inconsistency tests,
and heterogeneity was low to moderate (12 =18-25%).
One of the such comparisons is represented in Forest
Plot - PE Outcome (Figure 3) where the visual align-

ment of the confidence intervals for all interventional
styles is testified.

Funnel Plot: DVT Outcome

X | \
! | \
] 1 \
] " \
! " \
0.12} ! 1 \
I : \
! 1 \
I 1 \
I 1 \
5 / ' \
= + 1
£o014 ! | \
o ! : \
] d 1 \
o i 1 1
= ] I \
S o016 / ! X \
n / ! \
! I \
! 1 \
] 1 \
/ | \
fl : ‘\
0.181 / Y \
! 1 \
| 1 \
] | \
0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 1.4
QOdds Ratio
Figure 2: Forest plot of odds ratios with 95 % confidence
intervals for DV'T incidence comparing mechanical vs. Pharma-
cological, mechanical vs. Combined, and pharmacological vs.
Combined thromboprophylaxis strategies.
Table 4: Comparative Odds Ratios for PE Across Thrombopro-
phylaxis Methods
C . Odds B 95% CrI | I2 p-value for
omparison Ratio e Upper | (%) | Inconsistenc
Lower PP y
Mechanical vs. | g5 | 055 | 122 |18 0.32
Pharmacological
Mechanical vs.
Combined 091 0.64 1.31 25 0.19
Pharmacological | "y 11 | g9 | 142 | 20 0.39
vs. Combined

Pooled Effects on Major Bleeding

on the safety side, Meta-Analysis Table 5 showed the
data on major bleeding outcomes and indicated that
mechanical prophylaxis was safer than pharmacolo-
gical prophylaxis with OR = 0.45 (95% CrI: 0.28; 0.71).
Mechanical prophylaxis was also safer than the
combined approach OR: 0.61 (95% CrI: 0.42-0.87). On
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the contrary, pharmacological prophylaxis was
associated with a higher risk of major bleeding as
compared to the combined approach (OR 1.37; 95%
Crl 1.01-1.84), which was statistically significant.
These results are also evident in Forest Plot - Major
Bleeding (Figure 4), where the effect estimate is well
separated from the line of no effect. Also, the funnel
that analyses the Major Bleeding (Figure 5) does not

(95% CrlI: 0.71-1.32); pharmacolo-gical compared
with combined was 1.10 (95% Crl: 0.84-1.45). All the
above comparisons had low to moderate hetero-
geneity (I2 = 18-26%) and nay starred inconsistency.
These null effects are demonstrated in the Forest Plot
- Mortality (Figure 6), where the confidence intervals
cross the line of unity horizontally as well as verti-

cally.

depict any significant funneling or asymmetry.

Forest Plot: PE Outcome Table 5: Risk of Major Bleeding: Odds Ratios for Mechanical,

Mechanical vs. Pharmacological = | Pharmacological, and Combined Thromboprophylaxis Appro-
i aches
1
!
i 0,
i . Odds 2BV 95% Crl p-value for
i Comparison . Crl 12 (%) .
i Ratio Upper Inconsistency
: Lower
Mechanical vs. Combined u :
|
i Mechanical vs.
i Pharmacologi 0.45 0.28 0.71 31 0.41
| cal
|
I
Pharmacological vs. Combined : [ ] M h . l
Ex 10 0 echamical vs- 1 g61 | 042 0.87 29 0.23
0dds Ratio (log scale) Combined
Figure. 3: Forest Plot of Odds Ratios for PE Incidence Across
Different Thromboprophylaxis Methods Pharmacologi
cal vs. 1.37 1.01 1.84 21 0.36
Combined
Forest Plot: Major Bleeding
Mechanical vs. Pharmacological = : . )
i Funnel Plot: Major Bleeding
! X , ! \
1 I ] 1
1 ! ] \
: 1 1 \
1 ! 1 \
| 0.12 / ] \
1 I 1 !
i / ! \
Mechanical vs. Combined _— ! : \
| C ! ! \
! g 0.14 / ! \
: L‘E ' ! : \
1 1 I \
i = / ! \
i 3 ! : \
! < ] 1 \
i 80161 : X
Pharmacological vs. Combined :—l— n :
3x1077 4x 1077 6x 107" 100 2x10° !
Odds Ratio (log scale) I
1
Figure. 4: Forest plot of major bleeding outcomes comparing 0.18f i
mechanical, pharmacological, and combined interventions :
1
Pooled Effects on Mortality G 08 10 15 v
Odds Ratio

From Table 6, one can see that there are no overall
mortality differences, and statistically significant at
P-Value. Mechanical compared with pharmacolo-
gical prophylaxis gave an OR of 0.88(95% Crl: 0.60-
1.28); mechanical compared with combined was 0.97

Figure 5: Funnel plot shows major bleeding outcome bias across
mechanical, pharmacological, and combined prophylaxis
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Forest Plot: Mortality

Mechanical vs, Pharmacological - B

Mechanical vs. Combined |- 1

Pharmacological vs. Combined |

Table 7: SUCRA Rankings for Efficacy in Preventing DVT and
PE Across Thromboprophylaxis Strategies

Il
6x 107 10°
Qdds Ratio (leg scale)

Figure.6: Forest plot showing all-cause mortality across
prophylactic strategies in high-risk surgical patients.

SUCRA-Based Efficacy Rankings

To determine the best approach to minimizing
thromboembolic complications, SUCRA rankings for
DVT and PE were established in Table 7. The comb-
ined strategy yielded the highest SUCRA scores of
0.92 for DVT and 0.89 for PE, suggesting that the
combined strategy would out-perform the rest of the
strategies. Pharmacological prophylaxis was consid-
ered as the second-best approach in the management
of DVT and PE with an effectiveness rating of 0.78
and 0.80, respectively while mechanical prophylaxis
without pharmacological intervention had the least
effectiveness rating of 0.45 and 0.50 for DVT and PE
respectively. Therefore, our findings suggest that the
likelihood of efficacy is highest where both mecha-
nical and pharmacological interventions have been
applied.

Table 6: Odds Ratios for Mortality Risk Across Thromb-
oprophylaxis Strategies in High-Risk Surgical Patients

Od
95%
) ds 95% Crl 2 p-value for
Comparison Rati — Upper | (%) | Inconsistenc
o Lower PP Y
Mechanical VS 1088 | 0.60 1.28 20 0.39
Pharmacological
Mecham.cal Vs 1097 | 071 1.32 26 0.27
Combined
Pharmacolgglcal 110 | 084 1.45 18 0.33
vs. Combined

Strat SUCRA for | SUCRA | Overall Efficacy
ategy DVT for PE Rank
Mechanical 0.45 0.50 3
Pharmacol 0.78 0.80 2
ogical
Combined 0.92 0.89 1

SUCRA-Based Safety Rankings

As for the safety outcome measured using the Table
8 mechanical prophylaxis had the highest SUCRA
value of 091 for bleeding and 0.76 for mortality
which points to its better safety profile. Pharmacolo-
gical prophylaxis had the second place, and the
combined strategy was even though it was more
effective in preventing thromboembolic events - it
was associated with significantly lower SUCRA
indices for safety including bleeding 0 38, mortality
065. This trade-off suggests that selection of patients
requires special attention when using the combined
approaches.

Table 8: SUCRA Rankings for Safety: Major Bleeding and
Mortality Risk Across Thromboprophylaxis Methods

SUCRA SUCRA Overall
Strategy for for Safety
Bleeding | Mortality Rank
Mechanical 0.91 0.76 1
Pharmacological 0.62 0.68 2
Combined 0.38 0.65 3

Sensitivity and Inconsistency Analyses

In the sensitivity analyses, the advantages of the
Bayesian models were observed. Leaving out the
study by Nelson et al., 2015 did not cause any major
shifts in the weighted mean differences and SUCRA
charts. These findings were replicated at node-split-
ting models regarding all the outcomes in the direct
as well as indirect comparisons. Also, all funnel plots
were funnel shaped having evidence that small study
effect or publication bias was not a potential factor
distorting the analyzed data.

In general, the combined thromboprophylaxis appro-
ach seems to be most protective toward venous
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thromboembolism events in high-risk surgical pati-
ents based on the meta-analysis of the effect estimates
as well as the SUCRA rankings. But, this increase in
activation comes with an increase in the risk of
bleeding as a major side effect. The mechanical prop-
hylaxis provides the best safety profile but it is less
efficient when used alone as a preventive measure.
Pharmacological prophylaxis can be considered to be
moderately effective in the prevention of migraine
but has comparatively acceptable risks. These results
have broad implications for Patient decisions based
on individual risk factors as well as circumstances of
the surgery in consideration.

Discussion

This network meta-analysis compared mechanical,
pharmacologic, and combined thromboprophylactic
approaches based on ten clearly identified high-
quality studies on thromboprophylaxis in high-risk
surgical patients. The results of the synthesis
accomplished by us are in favor of an endorsement of
combined prophylaxis as that approach providing
the highest probability of efficacy regarding venous
thromboembolism prevention, with mechanical-only
options being determined as the safest regarding
bleeding risk. These results correlate with the current
knowledge of venous thromboembolism prophyl-
axis, especially in the context of oncological, bariatric,
and major orthopedic surgery patients, who are at a
higher thromboembolic and bleeding risk.

The combined approach had the higher cumulative
ranking sum (SUCRA) score that reflected the super-
iority of this strategy in preventing DVT and PE. This
concurs with previous individual investigations
which have shown that combining dual modality
prophylaxis interrupts different pathological proce-
sses involved in formation of venous thromboem-
bolism.22 IPC is more related to venous stasis whereas
LMWH and DOAC interfere with the coagulation
pathway. Both may present additive or possibly
synergistic effects.?

Nevertheless, our study also showed that
pharmacological and combination of mechanical and
pharmacological methods are more effective, how-
ever, at the cost of higher bleeding risk and, in
particular, for pharmacological regimens. This is
aligned with previous trials like the PREVENT-HD
study conducted by Spyropoulos and his research
group where although they were able to prove that

prolonged thromboprophylaxis using rivaroxaban in
high-risk medically ill patients reduced risk of
venous thromboembolism, the patients experienced
non-significant levels of bleedings.2* For people
undergoing surgery, bleeding has significant risks
such as; prolonged time to order healing, need for a
blood transfusion, and repeat operations which
actually prolong the duration of hospital stay, and
are costly.?

The lower level of major bleeding in mechanical
prophylaxis also supports recommendations for use
in patients with contraindications to anticoagulants.
This is perhaps especially true in oncologic cases
where postoperative chemotherapy or coagulopathy
due to the tumor could worsen bleeding outcome.2
But, the relatively lower scores of SUCRA efficacy in
the mechanical-only strategies have indicated lesser
protection to very high-risk patients that may affirm
that such approaches befit more as an additional
measure rather than main one.

This also concurs with the importance of risk
stratification for identification of stable patients to
prevent heart failure readmissions. While the general
trend concerning thromboprophylaxis is unified,
there is evidence in the literature for a more individ-
ualized approach. The Caprini Risk Score and
modified Padua Score are noteworthy algorithms
with nice potential in terms of making appropriate
prophylaxis recommendations for both surgical and
nonsurgical patients.’28 Nam et al.2! and Nelson et
al.20 are examples of the several studies that used
risk-based protocols that facilitated the risk stratify-
cation of patients and procedures. This heterogeneity
was reflected in our subgroup sensitivity analysis,
where an advantage of combined prophylaxis was
preserved across surgery kinds; flavor, orthopedic
and bariatric individualities seemed acutely sensitive
to combined prophylaxis.

From a methodological perspective, our network
meta-analysis offers an objective comparison because
it combines direct and indirect comparisons. The low
coefficient of heterogeneity (1> <30%), absence of stat-
istical inconsistency in node-splitting tests supports
the veridicality of obtained comparative estimates.
Symmetry of the funnel plot avoids another common
issue in surgical meta-analyses concerning publica-
tion bias. However, it is important to note that even
when using Bayesian methods for the quantitative
treatment of rankings, it is necessary to remember
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that such approaches do not replace the clinician's
subjective assessment or context of the specific trial.??
This study also affords finer detail to current discus-
sions on the trend and time horizons of the adminis-
tration of chemoprophylaxis. Despite our attempt at
standardising the type of interventions as much as
possible with data available to us, there could be
differences in the time of initiation of the intervene-
tions - preoperative or postoperative - and the span
of the CM time - short or long. Some clinical trials
such as ENOXACANII and xamos reveals that the
extension of prophylaxis in oncology and ortho-
paedic patients look beneficial with higher incidence
of bleeding.1030 [t may be useful to standardize such
parameters for future studies or perform a time to
event analysis to improve timing in future.

Notably, this study fills a significant research gap by
pooling the diverse high-risk surgical subgroups
under the same network meta-analysis framework.
Previous reviews for the most part have been
conducted on single specialties like orthopedic or
cancer patients, therefore, reducing their appli-
cability of the findings. However, the outcome of this
study offers more Extensive findings and even more
clinical reference on often wused prophylaxis
approaches.

However, a number of limitations are as follows
which are well noted. First, some of the included stu-
dies were deemed observational or based on cohorts,
which may result in residual confounding. Secondly,
there was heterogeneity in the definition and report-
ing of major bleeds across the trials, which may imp-
act the effect observed in the meta-analysis of safety.
Third, although risk of bias and sensitivity analyses
were undertaken, there might still be confounding
issues like selective reporting of outcomes or varia-
tion in expertise of surgical personnel. Lastly, there
were relatively few studies of the mechanical and
combined comparison hence; the comparison was
misleading.

Conclusion:

Based on the outcomes of the present study, there is
evidence for mechanical and pharmacological
thromboprophylaxis in patients who undergo high-
risk operations but with the possibility of increased
bleeding risks. Independent mechanical prophylaxis
is still preventive and entirely safe in patients with
increased hemorrhagic risk or those who cannot take

anticoagulants. Pharmacologic prophylaxis can thus
be well recommended where mechanical means are
not feasible. Future randomized controlled trials
should target the area of appropriate dosing regimen,
explore the efficacy of such agents as factor XI
inhibitors, and improve strategies for risk assessment
in individual patients.

PROSPERO registration protocol: (CRD420251037695).
Conflict of Interest/ Disclosure: Nil.
Funding Source: Nil.

Authors’ contribution:

FM: Drafting of article and responsible for the

supervision of this project
MD: Analysis and Interpretation

WU, SER: Conceived the idea of this article, acquisition of
data

SK, SSUR: Literature Review

All authors approved the final version of this article.

References

1. Kakkar AK, Cimminiello C, Goldhaber SZ, Parakh R,
Wang C, Bergmann JF; LIFENOX Investigators. Low-
molecular-weight heparin and mortality in acutely ill
medical patients. N Engl ] Med. 2011;365(26):2463-72.
Doi: 10.1056/NEJMoa1111288..

2. Geerts WH, Bergqvist D, Pineo GF, Heit JA, Samama
CM, Lassen MR, et al. Prevention of venous throm-
boembolism: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines (8th
Edition). Chest. 2008;133(6 Suppl): 3815-453S.

Doi: 10.1378/ chest.08-0656.

3. Spyropoulos AC, Anderson FA. Preventing venous
thromboembolism in hospital patients: current
challenges and future opportunities. Am ] Hematol.
2011;86(2):103-9.

4. Falck-Ytter Y, Francis CW, Johanson NA, Curley C,
Dahl OE, Schulman S, et al. Prevention of VTE in
orthopedic surgery patients: Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest. 2012;141(2 Suppl):e278S-
€325S. Doi: 10.1378 / chest.11-2404.

5. Gould MK, Garcia DA, Wren SM, Karanicolas PJ,
Arcelus JI, Heit JA, et al. Prevention of VTE in
nonorthopedic surgical patients: Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines. Chest. 2012;141(2

Suppl):e2275-e277S. Doi: 10.1378 / chest.11-2297.

Vol. 2 No. 3 July- September, 2025

121

Avicenna ] Health Sci


https://www.crd.york.ac.uk/PROSPERO/view/CRD420251037695

Mechanical vs. Pharmacological Thromboprophylaxis in High-Risk Surgical Cohorts: A Network Meta-Analysis of DVT Muhammad F et al
6. Kakkos SK, Caprini JA, Geroulakos G, Nicolaides AN, surgical patients (GAPS study): randomised
Stansby GP, Reddy DJ. Combined intermittent controlled trial. BM]J. 2020;369:m1309.
pneumatic leg compression and pharmacological Doi: 10.1136/bmj.m1309
prophylaxis for prevention of venous 16. Kroll D, Nett PC, Rommers N, Borbély Y, Deichsel F,
thromboembolism in high-risk patients. Cochrane Nocito A, et al. Efficacy and safety of rivaroxaban for
Database Syst Rev. 2016;(9):CD005258. postoperative thromboprophylaxis in patients after
Doi: 10.1002/14651858.CD005258. bariatric surgery: a randomized clinical trial. JAMA
7. Hull RD, Pineo GF, Stein PD, Mah AF, Maclsaac SM, Netw Open. 2023,6(5):e2315241.
Dahl OE, et al. Extended out-of-hospital low- Doi: 10.1001/jamanetworkopen.2023.15241.
molecular-weight heparin prophylaxis against deep 17. Stannard JP, Lopez-Ben RR, Volgas DA, Anderson ER,
venous thrombosis in .patleltlts after elective hip Busbee M, Karr DK, et al. Prophylaxis against deep-
arthroplasty: a systematic review. Ann Intern Med. vein thrombosis following trauma: a prospective,
2001;135(10):858-69. Doi: 10.7326 /0003-4819-135-10-20 randomized comparison of mechanical and
0111200-00006. pharmacologic prophylaxis. ] Bone Joint Surg Am.
8. National Guideline Centre (UK). Venous thrombo- 2006;88(2):261-6. Doi: 10.2106,/JBJS.D.02932
embolism in over 16s: Reducing the risk of hospital- 18. Lin i—IY Lin CY, Huang YC, Hsieh HN, Yang YW
acquired deep vein thrombosis or pulmonary embo- Chang L, et al. Deep vein thrombosis after major
lism. London: National Institute for Health and Care orthopedic surgery in Taiwan: A prospective cross-
Excellence (NICE); 2018. PMID: 29657228. sectional study and literature review. ] Formos Med
9. Lyman GH, Khorana AA, Kuderer NM, Lee AY, Assoc. 2022;121(8):1541-9
Arcelus ]I, Balaban EP, et al. Venous thl‘ombo- Doi: 10 1016//] ]fma 2021.12.027
embolism prophylaxis and treatment in cancer: 19. Nederpelt CJ, Breen KA, El Hechi MW, Krijnen P,
American Society of Clinical Oncology clinical practice Huisman MV, Schipper B, et al. Direct Oral Anticoa-
gul.(‘iehne update. J Clin Oncol. 2013;31(17):2189-204. gulants Are a Potential Alternative to Low-Molecular-
Doi: 10..1200/ ]CO.20.13.49.1118. ) Weight Heparin for Thromboprophylaxis in Trauma
10. Bergqvist D, Agnelh G, Cohen AT, Eldor A, Nﬂsson Patients Sustaining Lower Extremity Fractures. ] Surg
PE, Le Moigne-Amrani A, et al. Duration of Res. 2021;258:324-331. Doi: 10.1016//3.js5.2020.10.009.
prophy1a>'<1s against venous thromboembolism with 20. Nelson DW, Simianu VV, Bastawrous AL, Billingham
enoxapatin after SUrgery for cancer. N Engl ] Med. RP, Fichera A, Florence MG, et al. Thromboembolic
2002;346(13):9_75'80’ Doi: 10.1056/ N}_3]M0a012385.. complications and prophylaxis patterns in colorectal
11. Pelletier M, Viens C, Dube S. Bleeding complications surgery. JAMA Surg. 2015;150(8):712-20.
with anticoagulation therapy in patients undergoing 21. Nam D, Nunley RM, Johnson SR, Keeney JA, Clohisy
Major cancer Surgery. J Su}‘g Oncol. 2009;99(5):324.'8' JC, Barrack RL. The effectiveness of a risk stratification
12. Salanti G. Indlrec.t and mixed-treatment com.panson, protocol for thromboembolism prophylaxis after hip
network, or mult1pl§ treatments meta-analysis: many and knee arthroplasty. ] Arthroplasty. 2016;31(5):1299-
names, many benefits, many concerns for the next 306. Doi: 10.1016/j.arth.2015.12.007.
generation e\.nder.lce synt}}.esm tOOIj Res Synth 22. Sharrock NE, Gonzalez Della Valle A, Go G, Lyman S,
Methods. 2012;3(2):80-97. Doi: 10.1002/jrsm.1037. . Salvati EA. Potent anticoagulants are associated with
13. Nakagawa K, Watgnabe J, Ota M, Suwa Y, Suz1.1k1 S, a higher all-cause mortality rate after hip and knee
Suwa H, et al. Efficacy and safety of enoxaparin for arthroplasty. Clin Orthop Relat Res. 2008;466(3):714-
preventing venous thromboembolic events after 21. Doi: 10.1007/511999-007-0092-4
laparoscopic colorectal cancer surgery: a randomized- 23. C (;lw eli CW Jr, Froimson MI An:s eth SD, Giori NJ
controlled trial .(YCOG 1404). Surg Today. Hamilton WG, Barrack RL, et al. A mobile
2020;50(1):68-75. Doi: 10.1007/ 800595'019_01859_W' compression device for thrombosis prevention in hip
14. Steele KE, Canner ], Prokopowicz G, Verde . F, and knee arthroplasty. ] Bone Joint Surg Am.
Beselman A, Wyse R, et al. The EFFORT trial: 2014;96(3):177-83. Doi: 10.2106/JBJS.L.01031.
preoperative  enoxaparin = versus postoperative 24. Spyropoulos AC, Ageno W, Albers GW, Elliott CG,
fondaparinux for thromboprophylaxis in bariatric Halperin JL, Hiatt WR, et al. Rivaroxaban for
su.rglcal patients: a ragdomlzed double-blind pilot thromboprophylaxis after hospitalization for medical
trla.l. Surg Obfes Relat Dis. 2015;11(3):672-83. illness. N Engl ] Med. 2018;379(12):1118-27.
15. Shalhoub ], Lawton R, Hudson J, Baker C, Bradbury A,

Dhillon K, et al. Graduated compression stockings as
adjuvant to pharmaco-thromboprophylaxis in elective

25.

Monagle P, Chan AKC, Goldenberg NA, Ichord RN,
Journeycake JM, Nowak-Gottl U, et al. Antithrombotic
therapy in neonates and children: Antithrombotic

Vol. 2 No. 3 July- September, 2025

122

Avicenna ] Health Sci



Mechanical vs. Pharmacological Thromboprophylaxis in High-Risk Surgical Cohorts: A Network Meta-Analysis of DVT

Muhammad F et al

26.

27.

Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines. Chest. 2012;141(2

Suppl):e7375-e801S. Doi: 10.1378/ chest.11-2308.
Mahé I, Chidiac J, Helft G, Caulin C, Benhamou Y,
Pautas E, et al. Facteurs de risque de survenue d'un
événement thromboembolique veineux chez les
patients atteints de cancer [Risk factors for venous
thromboembolism events in cancer patients]. Presse
Med. 2017;46(2 Pt 2):e119-e128.

Pannucci CJ, Swistun L, MacDonald JK, Henke PK,
Brooke BS. Individualized venous thromboembolism
risk stratification using the 2005 Caprini score to
identify the benefits and harms of chemoprophylaxis
in surgical patients: a meta-analysis. Ann Surg.
2017,265(6):1094-1103.

Doi: 10.1097 /SLA.0000000000002126

28.

29.

30.

Barbar S, Noventa F, Rossetto V, Ferrari A, Brandolin
B, Perlati M, et al. A risk assessment model for the
identification of hospitalized medical patients at risk
for venous thromboembolism: the Padua Prediction
Score. ] Thromb Haemost. 2010;8(11):2450-7.

Doi: 10.1111/j.1538-7836.2010.04044.x

Dias S, Welton NJ, Sutton AJ, Ades AE. Network Meta-
Analysis for Decision-Making. Wiley Series in
Probability and Statistics. Chichester, UK: John Wiley
& Sons; 2018.

Raskob GE, Gallus AS, Pineo GF, Chen D, Ramirez
LM, Wright RT, et al. Apixaban versus enoxaparin for
thromboprophylaxis after hip or knee replacement:
pooled analysis of major venous thromboembolism
and bleeding in 8464 patients from the ADVANCE-2
and ADVANCE-3 trials. ] Bone Joint Surg Br.

2012;94(2):257-64. D0i:10.1302/0301-620X.94B2.27850.

This open-access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0). To
view a copy of this license, visit https://creativecommaons.org/licenses/by/4.0/

Vol. 2 No. 3 July- September, 2025

123

Avicenna ] Health Sci



