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Abstract

Purpose: Asians have a low venous thromboembolism (VTE) incidence following total knee arthroplasty (TKA). This
systematic review and network meta-analysis was conducted to evaluate the best prophylaxis against VTE in Asians
following total knee arthroplasty in current literature.

Materials and Methods: A systematic search of PubMed, Embase and CINAHL was conducted in adherence with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Prophylaxis types were sepa-
rated into low-molecular-weight heparin (LMWH), novel oral anti-coagulants (NOAC), mechanical-only prophylaxis
(MOP) and no prophylaxis (NP). The primary outcome was VTE incidence, grouped according to diagnosis modality
(ultrasound, venography, clinical). The secondary outcome was bleeding incidence, grouped into minor and major
bleeding.

Results: Fourteen eligible articles, totalling 4259 patients, were pooled with the following significant results: NOACs
had lower venography-diagnosed VTE incidence than LMWH (12.77%, p=0.02) and NP (20.64, p <0.001). MOP had
lower venography-diagnosed VTE incidence than LMWH (23.72%, p < 0.001), NOACs (10.95%, p <0.001) and NP
(31.59%, p<0.001) but, interestingly, a statistically higher ultrasound-diagnosed VTE incidence than LMWH (6.56%,
p=0.024) and NP (4.88%, p =0.026). No significant differences were observed between prophylaxis types for symp-
tomatic VTE, pulmonary embolism (PE) or death. LMWH and NOACs had a higher minor bleeding incidence than NP
(11.71%, p <0.001 and 6.33%, p < 0.02, respectively). No significant differences were observed between prophylaxis
types for major bleeding incidence.

Conclusion: NOACs are a superior form of chemoprophylaxis, compared with LMWH, in reducing venography-
diagnosed VTE incidence with no added bleeding incidence. However, routine chemoprophylaxis may not be
required as LMWH and NOACs do not appear to reduce symptomatic VTE incidence compared with MOP and

NP with an increased minor bleeding incidence. Mechanical prophylaxis in the form of graduated compression
stockings or intermittent pneumatic compression should be routinely considered with significantly lower rates of
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venography-diagnosed VTE compared with NP. On the basis of current evidence, we recommend an individualised

approach to select the most appropriate prophylaxis type.
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Introduction

Venous thromboembolism (VTE), which includes
pulmonary embolism (PE) and deep vein thrombosis
(DVT), is a significant and well-recognised compli-
cation following total knee arthroplasty (TKA). VTE
presents a significant public health problem and is
associated with the second-highest mortality following
total joint replacement [1, 2].

Evidence has shown that VTE rates following surgical
procedures including total knee arthroplasty are lower
in Asians than in Western populations [3—6]. Some data
suggest that genetic polymorphisms are responsible for
the lower risk of VTE in Asians [7, 8] With the estab-
lished low-risk demographic found in Asian countries,
many institutions have adopted reduced VTE prophy-
laxis measures, whereas Western countries largely use
routine chemoprophylaxis commonly in the form of
low-molecular-weight heparin(LMWH), NOACs or
anti-platelets in conjunction with mechanical prophy-
laxis [2, 9].

Broadly speaking, VTE prophylaxis falls into two cat-
egories: mechanical prophylaxis and chemoprophylaxis.
Mechanical prophylaxis regimes include early mobilisa-
tion, elastic (graduated) compression stockings (GCS)
and intermittent pneumatic compression (IPC). Com-
mon chemoprophylaxis types include non-steroidal anti-
inflammatory drugs (NSAIDs; e.g. Aspirin), novel oral
anti-coagulants (e.g. rivaroxaban, dabigatran), heparins
(e.g. low-molecular-weight heparin, unfractionated hepa-
rin) and warfarin. Both mechanical and chemoprophy-
laxis have shown effectiveness in reducing VTE rates [10,
11]. However, some reports show that the morbidity and
mortality of the haemorrhagic side-effect profile of anti-
coagulants may outweigh the benefit of reducing VTE
rates [11, 12]. Consequently, when dealing with an Asian
population with a lower risk of VTE, further investiga-
tion into the risks and benefits of routine VTE prophy-
laxis is warranted.

Despite the established understanding that Asians
have a lower risk for VTE, there is a hiatus in published
literature comparing prophylaxis types and a lack of a
consensus on the optimal VTE-prophylaxis regime for
managing patients after TKA. This systemic review and
network meta-analysis aims to evaluate the current lit-
erature for the best prophylaxis against venous throm-
boembolism in terms of efficacy and safety in Asians
following total knee arthroplasty.

Hypothesis

Prior to the initiation of this project, we hypothesised
that the rates of VTE would be lowest in chemoprophy-
laxis, followed by mechanical-only prophylaxis and no
prophylaxis. With established lower incidence of VTE in
Asian compared with Western populations, we expected
a significantly reduced benefit to using chemoprophylaxis
over mechanical-only prophylaxis in view of its associ-
ated increased bleeding incidence.

Materials and methods

Information sources

An electronic systematic search was performed by two
independent authors (W.W.S.Y. and S.L.EL) in the Pub-
Med, Embase and CINAHL databases to identify all rel-
evant studies, with the most recent search conducted on
20 June 2022. The following search strategy was used as
presented in Table 1: “(Asian) OR (Asians) AND (Total
Knee Arthroplasty OR TKA Or Total Knee Replacement
Or TKR) AND (Venous Thromboembolism OR VTE OR
Deep Vein Thrombosis OR DVT OR Thrombosis OR
Pulmonary Embolism OR Anticoagulation)’, for which
no date limits were used. Reference lists of relevant sys-
tematic reviews were manually searched. A total of 162
articles were identified: 63 in PubMed, 71 in Embase
and 28 in CINAHL, of which 71 articles were screened
after duplicates were removed. This review was not reg-
istered on the PROSPERO database. The search workflow
adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
[13] and is illustrated in Fig. 1. To identify studies to be
included in the final review, the articles were indepen-
dently assessed by two authors (W.W.S.Y. and S.L.EL.),
to determine eligibility for inclusion in the analysis. Any
disagreements were resolved by consensus discussion
among the authors. A total of 14 studies were included
in the final review. Our search identified no identical sys-
tematic reviews or network meta-analyses, as shown in
Fig. 1 [13].

Eligibility criteria and study selection

The inclusion criteria for the meta-analysis were as fol-
lows: (1) level I and II randomised clinical trials (RCT)
and prospective cohort studies (PCS); (2) written in
or translated into the English language; (3) patients of
Asian demographic; (4) incidence of VTE following
TKA reported; (5) minimum number of ten patients.
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Database

Type of search

Search terms

PubMed database (https://pubmed.ncbi.nlm.nih.gov/)
63 records

terms

Embase database

Medical subject
headings (MeSH)
words and general

Emtree (Elsevier Life

"Asians” [MeSH] OR "Asian”

AND

“Total Knee Replacement” [MeSH] OR “Total Knee Arthroplasty”
OR"TKA" OR“TKR"

AND

“Venous Thromboembolism” [MeSH] OR“VTE"OR “Deep

Vein Thrombosis”OR“DVT" OR “Thrombosis” OR “Pulmonary
Embolism’[MeSH] OR “Anticoagulation”

"Asians” OR "Asian”

(https://www.elsevier.com/solutions/embase-biomedical-resea  Science Thesaurus)  AND

rch) and general terms  “Total Knee Arthroplasty” OR “TKA" Or “Total Knee Replacement”

71 records Or"TKR"
AND
“Venous Thromboembolism”OR “VTE"OR “Deep Vein Throm-
bosis”OR"DVT" OR “Thrombosis” OR “Pulmonary Embolism”OR
"Anticoagulation”

CINAHL database General terms "Asians” OR “Asian”

(https://www.ebsco.com/academic-libraries) AND

28 records “Total Knee Arthroplasty” OR “TKA”" Or “Total Knee Replacement”
Or"TKR"
AND

“Venous Thromboembolism”OR “VTE"OR “Deep Vein Throm-
bosis”OR"DVT” OR “Thrombosis” OR “Pulmonary Embolism”OR
"Anticoagulation”

Case reports, review articles, published abstracts, stud-
ies involving fewer than ten patients, and duplicate data
were excluded from this review. Articles not written in
English, or where access to the full text was unavailable,
were also excluded.

The above criteria were applied to the 71 articles that
were initially screened; 57 articles were excluded as
they were not full-text articles, contained non-Asian
patients, or were not RCTs or PCS. Fourteen articles of
RCTs and PCS were analysed, totalling 4563 patients.
Three groups totalling 304 patients in the selected stud-
ies were excluded from analysis for the following reasons:
(i) 100 patients who received no chemoprophylaxis and
had undetermined rates of mechanical prophylaxis and
72 patients who received no chemoprophylaxis with
90.3% rate of mechanical prophylaxis were excluded to
reduce bias as they could not be classified definitively as
no prophylaxis or mechanical-only prophylaxis [14]; (ii)
74 patients on Fondaparinux and 49 patients on Indo-
methacin from two separate studies were excluded as
they could not be classified as LMWH and had a sample
size too small to be compared with sufficient statistical
power [15, 16]; (iii) 9 patients on Aspirin from a single
study were excluded as the sample size was too small
to be of any statistical value [14]. The total number of
patients used for network meta-analysis following exclu-
sion totalled 4259.

Seven systematic reviews and meta-analyses were ana-
lysed, and none was found to be a duplicate of this study.

Data collection and statistical analysis

All data from the texts, figures and tables of the included
studies were extracted to Microsoft Excel spreadsheet
software for analysis and review. The specific information
extracted included the following: (i) study details, includ-
ing study design and level of evidence, (ii) study popula-
tion details, including number of patients, (iii) objective
of study, (iv) type of VTE prophylaxis used, (v) modality
of VTE diagnosis, (vi) number of VTEs reported and (vii)
incidence of minor and major bleeding.

Outcome data were stratified according to prophylaxis
utilised. The categories used were no prophylaxis (NP),
mechanical-only prophylaxis (MOP), low-molecular-
weight heparin (LMWH) and NOACs. Those on LMWH
and NOAC:s were placed into their groups irrespective of
whether they received simultaneous mechanical prophy-
laxis as these data were not routinely available in all stud-
ies. A network plot was created to compare the trial arms
of the studies, as shown in Fig. 2.

All statistical analyses were performed using STATA
software and Cochrane Revman 5.3 Software (Cochrane
Collaboration 2014). A 95% confidence interval was used
to calculate the risk ratio for this study. A p value of <0.05
was considered significant.

Risk of bias assessment of studies

The Cochrane Risk of Bias (ROB) Tool 2 was used to
stratify RCT Risk of Bias, and the ROBIN-I Tool was used
to stratify risk of bias in PCS as shown in Table 2 [13].
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These seven studies were
reviewed during this search.
However, none were specific to
reviewing the optimal
thromboprophylaxis regimen in
Post-TKA Asian patients as our
SRMA has done
Fig. 1 Study flow in accordance with PRISMA 2020

Quality assessment of studies

The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) system was used to
assess the quality of the studies. The five domains of

risk of bias, imprecision, inconsistency, indirectness
and publication bias were ranked. These were ranked
on the basis of our take on the certainty of evidence,
with high being the most certain and very low being the
least certain, as seen in Table 3 [17].
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Mechanical Only

None
Fig. 2 Network plot representing trial arms in the studies used in the
network meta-analysis

Results

The 14 articles assessed in this systematic review and net-
work meta-analysis included a total of 4259 patients [4,
14-16, 18-27]. Characteristics of the included studies are
presented in Table 4. Most studies utilised similar exclu-
sion criteria. This included current anti-coagulant use,
previous VTEs, cardiovascular disease, haemophilia or
thrombotic tendencies, recent surgeries, gastrointestinal
bleeding, renal and liver impairment, and malignancy.

NOACs

Darexaban and rivaroxaban were the only two NOACs
that were utilised. Darexaban was used with dosing of
15-30 mg daily ,whilst the rivaroxaban study did not
report any dosages.

LMWHs

Of the studies that included LMWH, most patients
received enoxaparin, with only one study using Fraxi-
parine. The dose of enoxaparin ranged from 20 mg to
40 mg for 5-10 days, while the dose for Fraxiparine was
0.2-0.4 ml till the day of patient discharge.

Mechanical-only prophylaxis (MOP)

MOP included graduated compression stockings (GCS),
intermittent pneumatic compression (IPC) or both. Sole
early mobilisation was not considered a type of mechani-
cal prophylaxis owing to difficulty in standardisation.
Pressures of IPC ranged from 40 mmHg to 52 mmHg.
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No prophylaxis (NP)

Studies that reported no chemoprophylaxis and no
mechanical prophylaxis were classified under “no
prophylaxis”

Primary outcome: VTE incidence

Incidence of VTE regardless of diagnosis method strati-
fied by prophylaxis type was: NOAC (20.36%), LMWH
(17.34%), NP (8.78%) and MOP (7.26%). A ranked for-
est plot (Fig. 3) with confidence intervals was generated
to determine the effectiveness of no prophylaxis, MOP,
LMWH and NOACs. A pairwise forest plot (Fig. 4) was
also created to compare the efficacy of prophylaxis types
between trials. Unfortunately, owing to a lack of stud-
ies with multiple trial arms, only comparisons between
LMWH and NP and LMWH and NOACs could be ana-
lysed. Neither analysis identified statistically significant
differences in VTE incidence.

To reduce bias, instead of pooling values, the inci-
dences were further grouped according to the modality
of diagnosis: ultrasound, venography and clinically diag-
nosed VTEs.

Ultrasound (US) imaging was utilised in seven studies
(1175 patients), with three studies (585 patients) using
Duplex and four studies (590 patients) using Doppler.
Incidence of VTE diagnosed by US, stratified by proph-
ylaxis type, was: MOP (14.29%), NP (9.41%), LMWH
(7.73%) and NOAC (6.67%) (Fig. 5, Table 5). MOP had
a statistically higher ultrasound-diagnosed VTE inci-
dence than LMWH (6.56%, p=0.024) and NP (4.88%,
p=0.026). We did not observe a statistical difference
between LMWH and NOACs.

Venography was used in five studies (1338 patients).
Two studies (941 patients) utilised radionuclide venog-
raphy, while the three other studies (397 patients) did
not report venography type. Venography-diagnosed
VTE incidence by prophylaxis type was as follows:
NP (42.35%), LMWH (34.48%), NOAC (21.71%) and
MOP (10.76%) (Fig. 5, Table 5). MOP had significantly
lower VTE incidence compared with LMWH (23.72%,
p<0.001), NOACs (10.95%, p<0.001) and NP (31.59%,
p<0.001). NOACs showed superiority over LMWH
(12.77%, p=0.02) and NP (20.64%, p<0.001) at reduc-
ing venography-diagnosed VTEs but was still inferior to
MOP, as described above. There was no significant ben-
efit to utilising LMWH over NP.

Symptomatic VTE incidence was reported in eight
studies with a total of 2286 patients and incidence of
1.44%. Reported symptomatic incidence of VTE stratified
by prophylaxis type was as follows: NP (1.93%), LMWH
(1.42%), MOP (0.87%) and NOAC (0.66%) (Fig. 5,
Table 5). There were no statistical differences between
the prophylaxis types.
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Table 2 Summary of bias in included trials

Cochrane risk of bias 2 table for randomised trials

Randomisation Deviations Missing Measurement | Selection of Overall Bias
process from Outcome | of the the reported
Intended Data outcome result

Interventions

Takeshi Fuji et al. 2012
[18]

Intiyanaravut et al.
2017[21]

Cho et al. 2013 [15]

Wang et al. 2004 [16]

Chin et al. 2009 [27]

000 0=
0~0 00
0~ 00

Robins-I tool for assessing risk of bias in non-randomised studies

Bias due to Bias in Bias in Bias due to Bias Bias in Bias in Overall
confounding | selection of | classification | deviations due to measurement | selection | risk-of-
participants | of from missing | of the of the bias
into the interventions | intended data outcome reported | judgement
study interventions result

Mun Hon Low et al.
2013 [14]
Jain et al. 2004 [19]

D@

Yeo et al. 2016 [20]

L IRl
0 @

Ko et al. 2003 [4]

Leizorovicz et al.
2005 [22]
Won et al. 2011 [23]

z.z
900

Kim et al. 2015 [24]

Pookarnjanamorakot
et al. 2004 [25]

Chen et al. 2008 [26]

?
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Table 2 (continued)
Risk of Bias 2 legend: +, low risk; ?, uncertain: —, high risk
Robins-I Tool: +, low risk, ~, moderate risk; —, serious risk; x, critical risk
Table 3 Grade system evaluation for the quality of evidence
Number of studies Risk of bias Imprecision Inconsistency Indirectness Publication
bias
Primary outcomes
VTE incidence (ultrasound)—7 L L L M VL
VTE incidence (venography)—5 M M M M L
VTE incidence (symptomatic)—8 M H H M M
PE incidence—11 M H H L M
Secondary outcomes
Minor bleeding—4 M M L L
Major bleeding—6 M H H M L
H, high certainty; M, moderate certainty; L, low certainty; VL, very low certainty
Table 4 Study characteristics and details
Prophylaxis type Reported primary outcomes Reported
secondary
outcomes
Mun Hon Low et al. 2013 [14] LMWH (n=72) us Major
NOAC (n=15)
Takeshi Fuji et al. 2012 [18] LMWH (n=66) V, C Minor, major
NOAC (n=152)
Jain et al. 2004 [19] NP (n=26) us, C None
Yeo et al. 2016 [20] MOP (n=802) C None
Ko et al. 2003[4] NP (n=58) us None
Intiyanaravut et al. 2017 [21] LMWH (n=25) us, C Minor, major
NP (n=25)
Leizorovicz et al. 2005 [22] NP (n=944) C Major
Choetal 2013 [15] MOP (n=74) us Minor, major
Won et al. 2011 [23] NP (n=440) us None
Kim et al. 2015[24] MOP (n=874) V, US None
Wang et al. 2004 [16] LMWH (n=50) V, C None
NP (n=51)
Pookarnjanamorakot et al. 2004 [25] NP (n=67) V, C None
Chen et al. 2008 [26] NP (n=78) V, C None
Chin et al. 2009 [27] LMWH (n=110) U Minor, major
MOP (n=220)
NP (n=110)

V, venography; US, ultrasound; C, clinical diagnosis; major, major bleeding; minor, minor bleeding

Incidence of pulmonary embolism was reported in 11
studies (3658 patients) and was found to be 0.22%. PE
incidence stratified by prophylaxis type was as follows:
LMWH (0.40%), NP (0.37%), MOP (0.11%) and NOAC
(0.00%) (Fig. 5, Table 5). There were no statistical differ-

ences between the prophylaxis types.

None of the studies reported any VTE-related deaths
following TKA.

Secondary outcome: bleeding incidences
Four studies with a total of 782 patients reported
minor bleeding. Minor bleeding incidence according
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Comparison: other vs '"MechanicalOnly'
Treatment (Random Effects Model) RD 95%-Cl SUCRA
LMWH —_— -0.14 [-0.33;0.05] 0.88
NOAC —tT -0.08 [-0.34;0.17] 0.59
None — -0.01 [-0.21;0.19] 0.26
MechanicalOnly 0.00 0.26
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Risk difference
Fig. 3 Treatment effect based on VTE incidence against mechanical-only prophylaxis
LMWH NP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chin et al, 2009 6 110 24 110 391% 0251011, 059) —,—
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Total everts 31 61
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Test for overall effect 2 = 1 64 (P = 0.10) S Favours LMWH ‘f.wous No Pr'oohvu-vs
LMWH NOAC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fujietal, 2012 15 66 33 152 93.1% 108 [0.61, 1.79)
Lowet al, 2013 10 72 1 15 6.9% 2.08[029, 15.07) —
Total (95% CD 138 167 100.0% 1.10 [0.65, 1.84) g
Total events 2S 24
Hej?'cgqmmf’ Tav® .- :) 00_, '3:\- - 'Z'.Jj;cﬁ 1P =081 F - 0% 50 o1 05‘ { {CI 1001
Test for overall effect: 2 = 0.35 @ = 0.73) Favours LMWH  Favours NOAC
Fig. 4 Pairwise forest comparing LMWH versus NP and LMWH versus NOACs

to prophylaxis type was as follows: LMWH (13.93%),
NOAC (8.55%), MOP (3.74%) and NP (2.22%) (Table 6).
LMWH had a significantly higher incidence of minor
bleeding than MOP (10.19%, p <0.001) and NP (11.71%,
p<0.001) (Fig. 6, Table 6). Similarly, NOACs had a
significantly higher incidence of minor bleeding than
MOP (4.81%, p <0.33) and NP (6.33%, p <0.02). The dif-
ference in incidence of minor bleeding between LMWH
and NOACs was not significant.

Six studies with a total of 1813 patients reported
major bleeding. Major bleeding incidence according
to prophylaxis type was as follows: LMWH (0.73%)
and NOACs, MOP and NP (0%) (Fig. 6, Table 6). The
only two incidences of major bleeding were associated
with LMWH usage. However, this incidence of major
bleeding in LMWH compared with the other prophy-
laxis types was not statistically significant. We observed
that NOACs had the same major bleeding incidence as
MOP and NP.

Discussion

This systematic review and network meta-analysis was
designed to evaluate the best prophylaxis strategy against
VTEs following total knee arthroplasty in Asian popula-
tions, for which effectiveness was measured in both VTE
incidence and bleeding incidence. Apparent efficacy of
each prophylaxis group in reducing VTE incidence var-
ied with diagnosis type, with varying results for sympto-
matic, venography-diagnosed and ultrasound-diagnosed
VTE incidence. However, we observed that there was
no statistically significant superiority of chemoprophy-
laxis nor mechanical prophylaxis against no prophylaxis
in reducing symptomatic VTE incidence, PEs or deaths.
Regarding bleeding incidence, we observed that minor
bleeding incidence was higher in LMWH and NOACs
than in MOP and NP. There was no significant differ-
ence in major bleeding across all prophylaxis types. Our
recommendations and analysis of the results will be
explored below.
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Imaging diagnosed Symptomatic VTE Incidence
VTEs 2.50%
45.00%
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Fig.5 Graphical representations of VTE incidence accounting for diagnosis modality
Table 5 Incidence of VTE accounting for diagnosis type with statistical analysis
VTE incidence by prophylaxis and diagnosis type
Prophylaxis type Ultrasound VTE incidence Venography VTE Symptomatic VTE Pulmonary
incidence incidence embolism
incidence
LMWH 16/207,7.73% 40/116, 34.48% 2/141,1.42% 1/251,0.40%
NOAC 1/15,6.67% 33/152,21.71% 1/152,0.66% 0/152,0.00%
MOP 42/294,14.29% 94/874,10.76% 7/802,0.87% 2/1896,0.11%
NP 62/659, 9.41% 83/196, 42.35% 23/1191,1.93% 5/1359,0.37%

Statistical analysis

LMWH versus NOAC
LMWH versus MOP
LMWH versus NP
NOAC versus MOP
NOAC versus NP
MOP versus NP

p=0.881
p=0.024
p=0460
p=0.407
p=0.719
p=0.026

p=0.020
p<0.001
p=0.171
p<0001
p<0.001
p<0001

p=0516
p=0.542
p=0.674
p=0.787
p=0.263
p=0.057

p=0435
p=0.242
p=0.944
p=0.690
p=0453
p=0254
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Table 6 Bleeding incidence with statistical analysis
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Bleeding incidence

Prophylaxis type Minor bleeding Major bleeding
LMWH 28/201,13.93% 2/273,0.73%
NOAC 13/152,8.55% 0/152,0.00%
MOP 11/294, 3.74% 0/294, 0.00%
NP 3/135,2.22% 0/135, 0.00%

Statistical analysis

LMWH versus NOAC p=0.119 p=0.289
LMWH versus MOP p=<0.001 p=0.142
LMWH versus NP p=<0.001 p=0317
NOAC versus MOP p=0.033 p<0.001
NOAC versus NP p=0.020 p<0.001
MOP versus NP p=0412 p<0.001

16.00%
13.93%

14.00%

12.00%

10.00% 8.55%
8.00%
6.00%
4.00%

2.00% 0.73%

0.00% o
Heparin NOAC

0.00%

B % of Minor Bleeds

Fig. 6 Graphical representation of bleeding incidence

Bleeding Incidence

3.74%
2.22%
0.00% . 0.00%
Mechanical Only None

® % of Major Bleeds

Current literature for post-TKA VTE prophylaxis
does not present clear evidence as to which prophylaxis
type is optimal in Asian populations. We observed that
apparent efficacy of the various prophylaxis types was
not necessarily agreed upon by across the various diag-
nostic modalities. A discrepancy we observed was ultra-
sound diagnosis showing LMWH superiority over MOP,
clinical diagnosis showing no significant differences and
venography diagnosis showing MOP superiority over
LMWH. Some of these discrepancies were also found in
current published literature. Two ultrasound-based stud-
ies completed in Asian populations by Zhang et al. [28]
and Chin et al. [27] showed decreased VTE incidence in

chemoprophylaxis against MOP, which conflicted with
one of the largest Asian epidemiological studies con-
ducted by Yhim et al. [29], who found a higher incidence
of symptomatic VTE in patients receiving chemoprophy-
laxis compared with patients receiving no chemopro-
phylaxis and undetermined amounts of MOP. We were
unable to find established literature comparing venog-
raphy-diagnosed MOP and LMWH. It is important for
clinicians to be mindful of the desired outcomes when
choosing a prophylaxis regimen in view of diagnosis
modality affecting apparent efficacies. This would largely
be influenced by the availability of diagnostic modalities
in the institution.
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We observed significantly higher ultrasound-diagnosed
VTE incidence in MOP compared with NP, which con-
trasts with existing literature in both Asian and Western
populations that has extensively proven that mechanical
prophylaxis following TKAs is effective at reducing VTE
incidence [10, 11, 27, 30]. Our contradictory findings are
likely a result of compilation of ultrasonography results of
varying unreported methodologies. It is well documented
that the sensitivity and specificity for ultrasonography is
dependent on patient type, user and area scanned with
agreement for venography and ultrasonography ranging
from 92.9% (proximal vessels) to 60% (distal vessels) [31].
As such, we advise that datasets combining ultrasonogra-
phy data be interpreted with caution. For the above rea-
sons, venography results of this study will be prioritised
over ultrasound-diagnosed results.

It is notable that MOP was significantly more effec-
tive than LMWH and NOACs, with undetermined rates
of mechanical prophylaxis in reducing venography-
diagnosed VTE incidence. This is potentially due to the
effectiveness of MOP at preventing VTE such that the
LMWH and NOAC subgroups without 100% concurrent
mechanical prophylaxis usage had a reduced apparent
effectiveness. This is supported by a retrospective study
by Loh et al. [32], who found no statistical difference in
US-diagnosed DVT incidence in MOP against concur-
rent chemical and mechanical prophylaxis usage. As
such, mechanical prophylaxis should certainly be consid-
ered in all patients after TKA in view of its known ben-
efits with no added bleeding incidence. However, routine
chemoprophylaxis for low-risk patients may not be nec-
essary. Decision to prescribe chemoprophylaxis should
be individualised to patients with a higher risk of devel-
oping VTE with no added observed incidence of major
bleeding.

NOAGC:, especially rivaroxaban and dabigatran, have
become increasingly utilised post-TKA owing to their
fixed dosages and the lack of monitoring requirements
[33]. We observed NOACs to be more effective than
LMWH in reducing venography-diagnosed VTE. Yhim
et al. [29] found superiority of rivaroxaban over LMWH
in reducing symptomatic VTEs, with similar findings
found in Western populations [34]. However, dabigatran,
the only other NOAC to be trialled in large-scale stud-
ies, has a similar efficacy profile to LMWH in reducing
venography and symptomatic VTE incidence [35, 36].
We observed no significant differences in minor or major
bleeding incidence in NOACs and LMWH, which is also
supported by current literature [34, 37].

Symptomatic VTE and major bleeding incidence are
arguably the two most important factors to consider
when selecting a VTE-prophylaxis regime. The signifi-
cance of DVT in the calf is not entirely clear, and its
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treatment is controversial. The routine use of chemo-
prophylaxis is not without its risks. Chin et al. [27]
reported an 11% incidence of bleeding complications
with use of enoxaparin. These complications would
have an undesirable effect on post-operative rehabili-
tation as well as length of stay. Ultimately, healthcare
costs and utilisation will increase. We did not observe
any significant differences between prophylaxis types
in terms of symptomatic VTE and major bleeding inci-
dence. The literature on routine chemoprophylaxis in
Asian populations is divided, with Fuji et al. [18] and
Intiyanaravut et al. [21] not observing any significant
differences in symptomatic VTE incidence between
routine chemoprophylaxis (darexaban and enoxaparin)
and placebo chemoprophylaxis or NP. This is in con-
trast to the findings of Wang et al. [16], who observed
significantly higher symptomatic DVTs in patients
administered placebo than in those given indometha-
cin and enoxaparin. For major bleeding, current liter-
ature suggests that there are no significant differences
in major bleeding incidence regardless of prophylaxis
type, which is in accordance with our findings [18, 21,
27]. To the best of our knowledge, there are currently
no trials reporting a significantly higher incidence of
major bleeding in any prophylaxis type following TKA
in Asian populations.

There are two main limitations to using evidence-based
medicine in this space of thromboprophylaxis follow-
ing total knee arthroplasty in Asian populations. Firstly,
the modality of diagnosis changes the apparent efficacy
of one prophylaxis type over another, meaning that clini-
cians should be aware of what outcomes they are trying
to achieve when choosing a prophylaxis strategy. Sec-
ondly, despite statistically significant findings in venog-
raphy and ultrasonography, there were no differences in
symptomatic VTE or major bleeding incidence, which
are the most important factors to consider when choos-
ing a prophylaxis regime. As such, an evidence-based
approach with patient centricity may prove to be an
effective strategy in managing post-TKA VTE prophy-
laxis in Asian populations.

With a recent shift towards early mobilisation and
enhanced recovery after TKA as an effective method of
VTE prophylaxis, routine chemoprophylaxis especially in
Asian populations has become an ever-increasing topic of
debate [38]. A recent study in France demonstrated that
using an enhanced recovery after surgery (ERAS) regime
alongside routine LMWH or DOAC usage resulted in
a higher incidence (1.7%) of major bleeding compared
with symptomatic VTE following THA and TKAs, where
ERAS comprised getting out of bed within 24 h post-
operation and early discharge [39]. In Asian populations
who are inherently less prone to VTE this is particularly
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relevant, and further studies into the effectiveness of
ERAS in Asians are likely to be of clinical value.

The main strength of this systematic review and net-
work meta-analysis was the stratification of results by
using the modality of diagnosis instead of using a pooled
VTE incidence to reduce heterogeneity and variation.
However, this study does come with limitations. Firstly,
most studies used a low-risk population with minimal co-
morbidities, leading to data that may not be generalisable,
thus affecting external validity. A lack of specific details
included in trials was another limitation. We could not
analyse the frequency of mechanical prophylaxis used
in patients with concurrent chemoprophylaxis, specific
types of mechanical prophylaxis used, and specific effects
of the individual ethnicities of Asian patients. To acquire
samples of sufficient size, multiple generic classifications
needed to be used, including mechanical prophylaxis,
LMWH and NOACs, which may not be representative of
the efficacy of the individual subtypes. Lastly, we found
contrasting results between venography and ultrasonog-
raphy, which is likely the result of varied methodology as
studies were pooled in this study. However, as venogra-
phy is the gold standard of DVT diagnosis, the venogra-
phy results were prioritised over ultrasonography.

Conclusion

VTE prophylaxis following TKAs in Asians has remained
a controversial topic of debate owing to the lower inher-
ent risk of VTE in Asians compared with Western
populations. This systematic review and network meta-
analysis has shown that mechanical prophylaxis in the
form of GCS or IPC significantly reduces venography-
diagnosed VTE incidence over having no prophylaxis.
Interestingly, we did find that patients on either LMWH
or NOAC with undetermined amounts of mechanical
prophylaxis had significantly higher incidences of venog-
raphy-diagnosed VTE than patients using mechanical
prophylaxis in isolation, which may be a testament to
the effectiveness of mechanical prophylaxis. Chemopro-
phylaxis in the form of LMWH or NOAC:s:, as expected,
led to an increased incidence of minor bleeding and, in
view of the effectiveness of mechanical-only prophylaxis
and low rates of VTE in Asians, may not be indicated
for routine use in all patients. However if chemopro-
phylaxis is warranted, NOACs are superior to LMWH
at reducing venography-diagnosed VTE incidence, with
no increase in bleeding incidents. Overall, an evidence-
based approach with patient centricity may prove to be
an effective strategy in managing post-TKA VTE prophy-
laxis in Asian populations. We recommend mechanical
prophylaxis to be used routinely while reserving chemo-
prophylaxis, with the preferred agent of choice being
NOAC:, for patients deemed at high risk of VTE.

Page 12 of 13

Acknowledgements
None.

Author contributions

Design: HRB.A R, data acquisition: W.S.Y.W., SELL, analysis: W.S.YW, SLFL,
RS, HRB.AR; interpretation: WS.YW, SFLL, RS, HRBAR; drafting of manu-
script: W.S.YW, SELL, RS, critical revision of manuscript: H.R.B.AR. All authors
read and approved the final manuscript.

Funding
The authors received no financial support for the research, authorship and/or
publication of this article.

Availability of data and materials
All data and materials used has been sourced are available to public.

Declarations

Ethics approval and consent to participate

This article does not contain any studies with human participants or animals
performed by any of the authors and as such do not require ethics board
approval.

Consent for publication
All authors give their consent for publication of this manuscript.

Competing interests
The authors declare no potential conflicts of interest with respect to the
research, authorship and/or publication of this article.

Author details

'Department of General Medicine, Ng Teng Fong General Hospital, 1 Jurong
East Street 21, Singapore 609606, Singapore. “National University of Ireland,
University Road, Galway H91 TK33, Ireland. *Duke-NUS Medical School, 8
College Road, Singapore 169857, Singapore. “Department of Orthopaedic Sur-
gery, Sengkang General Hospital, 110 Sengkang East Way, Singapore 544886,
Singapore. >SingHealth Duke-NUS Musculoskeletal Sciences Academic Clinical
Programme, Academia Level 4, 20 College Road, Singapore 169865, Singapore.

Received: 28 December 2021 Accepted: 27 July 2022
Published online: 13 August 2022

References

1. Poultsides LA, Gonzalez Della Valle A, Memtsoudis SG, Ma Y, Roberts T,
Sharrock N et al (2012) Meta-analysis of cause of death following total
joint replacement using different thromboprophylaxis regimens. J Bone
Joint Surg Br 94-B(1):113-121

2. Nicolaides AN, Breddin HK, Fareed J, Goldhaber S, Haas S, Hull R et al
(2001) Prevention of venous thromboembolism. International Consensus
Statement. Guidelines compiled in accordance with the scientific evi-
dence. Int Angiol 20(1):1-37

3. LeeLH, Gallus A, Jindal R, Wang C, Wu CC (2017) Incidence of venous
thromboembolism in Asian populations: a systematic review. Thromb
Haemost 117(12):2243-2260

4. Ko PS, Chan WF, SiuTH, Khoo J, Wu WC, Lam JJ (2003) Deep venous
thrombosis after total hip or knee arthroplasty in a “low-risk” Chinese
population. J Arthroplasty 18(2):174-179

5. Bin Abd Razak HR, Soon AT, Dhanaraj ID, Tan AH (2012) Incidence of clini-
cally significant venous thromboembolic events in Asian patients under-
going total knee arthroplasty without anticoagulation. J Arthroplasty
27(6):1128-1132

6. Bin Abd Razak HR, Binte Abd Razak NF, Tan HA (2017) Prevalence of
venous thromboembolic events is low in Asians after total knee arthro-
plasty without chemoprophylaxis. J Arthroplasty 32(3):974-979

7. Thomas PT (1997) Hypercoagulability in venous and arterial thrombosis.
Ann Intern Med 126(8):638-644



Wong et al. Knee Surgery & Related Research (2022) 34:37

20.

21.

22.

23.

24.

25.

26.

27.

28.

Price DT, Ridker PM (1997) Factor V Leiden mutation and the risks

for thromboembolic disease: a clinical perspective. Ann Intern Med
127(10):895-903

Haas S (2001) Prevention of venous thromboembolism: recommenda-
tions based on the international consensus and the American College
of Chest Physicians Sixth Consensus Conference on Antithrombotic
Therapy. Clin Appl Thrombosis/Hemostasis. 7(3):171-177
Chandrasekaran S, Ariaretnam SK, Tsung J, Dickison D (2009) Early
mobilization after total knee replacement reduces the incidence of deep
venous thrombosis. ANZ J Surg 79(7-8):526-529

. Westrich GH, Haas SB, Mosca P, Peterson M (2000) Meta-analysis of throm-

boembolic prophylaxis after total knee arthroplasty. J Bone Joint Surg Br
82-B(6):795-800

Shoeb M, Fang MC (2013) Assessing bleeding risk in patients taking
anticoagulants. J Thromb Thrombolysis 35(3):312-319

Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors).
Cochrane Handbook for Systematic Reviews of Interventions version 6.2
(updated February 2021). 2021.

Low MH, Yeo SJ, Chin PL, Chia SL, Lo NN, Tay KJ (2013) A Singapore
perspective on the use of a short course of chemothromboprophylaxis
in patients who underwent total knee arthroplasty. Singapore Med J
54(10):560-563

Cho KY, Kim KI, Khurana S, Bae DK, Jin W (2013) Is routine chemoprophy-
laxis necessary for prevention of venous thromboembolism following
knee arthroplasty in a low incidence population? Arch Orthop Trauma
Surg 133(4):551-559

Wang CJ, Wang JW, Weng LH, Hsu CC, Huang CC, Yu PC (2004) Prevention
of deep-vein thrombosis after total knee arthroplasty in Asian patients.
Comparison of low-molecular-weight heparin and indomethacin. J Bone
Joint Surg Am 86(1):136-140

Brozek JL, Canelo-Aybar C, Akl EA, Bowen JM, Bucher J, Chiu WA et al
(2021) GRADE Guidelines 30: the GRADE approach to assessing the cer-
tainty of modeled evidence—an overview in the context of health deci-
sion-making. J Clin Epidemiol 129:138-150

Fuji T, Nakamura M, Takeuchi M (2014) Darexaban for the prevention of
venous thromboembolism in Asian patients undergoing orthopedic
surgery: results from 2 randomized, placebo-controlled, double-blind
studies. Clin Appl Thromb Hemost 20(2):199-211

JainV, Dhaon BK, Jaiswal A, NigamV, Singla J (2004) Deep vein thrombo-
sis after total hip and knee arthroplasty in Indian patients. Postgrad Med J
80(950):729-731

Yeo KS, Lim WS, Lee YH (2016) Deep vein thrombosis in arthroscopic
surgery and chemoprophylaxis recommendation in an Asian population.
Singapore Med J 57(8):452-455

Intiyanaravut T, Thongpulsawasdi N, Sinthuvanich N, Teavirat S, Kunopart
M (2017) Enoxaparin versus no anticoagulation prophylaxis after total
knee arthroplasty in Thai patients: a randomized controlled trial. J Med
Assoc Thai 100(1):42-49

Leizorovicz A, Turpie AG, Cohen AT, Wong L, Yoo MC, Dans A (2005)
Epidemiology of venous thromboembolism in Asian patients undergo-
ing major orthopedic surgery without thromboprophylaxis. The SMART
study. J Thromb Haemost 3(1):28-34

Won MH, Lee GW, Lee TJ, Moon KH (2011) Prevalence and risk factors of
thromboembolism after joint arthroplasty without chemical thrombo-
prophylaxis in an Asian population. J Arthroplasty 26(7):1106-1111

Kim YH, Kulkarni SS, Park JW, Kim JS (2015) Prevalence of deep vein
thrombosis and pulmonary embolism treated with mechanical compres-
sion device after total knee arthroplasty in Asian patients. J Arthroplasty
30(9):1633-1637

Pookarnjanamorakot C, Sirisriro R, Eurvilaichit C, Jaovisidha S, Koysom-
batolan | (2004) The incidence of deep vein thrombosis and pulmonary
embolism after total knee arthroplasty: the screening study by radionu-
clide venography. J Med Assoc Thai 87(8):869-876

Chen CJ, Wang CJ, Huang CC (2008) The value of D-dimer in the detec-
tion of early deep-vein thrombosis after total knee arthroplasty in Asian
patients: a cohort study. Thromb J 6:5

Chin PL, Amin MS, Yang KY, Yeo SJ, Lo NN (2009) Thromboembolic
prophylaxis for total knee arthroplasty in Asian patients: a randomised
controlled trial. J Orthop Surg (Hong Kong) 17(1):1-5

Zhang S, Htet KS, Tan XY, Wang X, Wang W, Chua W (2020) Short-duration
chemoprophylaxis might reduce incidence of deep vein thrombosis in

Page 13 of 13

Asian patients undergoing total knee arthroplasty. Knee Surg Relat Res
32(1):58

29. Yhim HY, Lee J, Lee JY, Lee J-O, Bang S-M (2017) Pharmacological throm-
boprophylaxis and its impact on venous thromboembolism following
total knee and hip arthroplasty in Korea: a nationwide population-based
study. PLoS ONE 12(5):e0178214

30. Lynch JA, Baker PL, Polly RE, Lepse PS, Wallace BE, Roudybush D et al
(1990) Mechanical measures in the prophylaxis of postoperative throm-
boembolism in total knee arthroplasty. Clin Orthop Relat Res 260:24-29

31. Theerakulpisut D, Wongsurawat N, Somboonporn C (2018) Detection
of lower limb deep vein thrombosis: comparison between radionuclide
venography and venous ultrasonography. World J Nucl Med 17(1):27-33

32. Loh JLM, Chan S, Wong KL, de Mel S, Yap ES (2019) Chemoprophylaxis in
addition to mechanical prophylaxis after total knee arthroplasty surgery
does not reduce the incidence of venous thromboembolism. Thrombosis
J179

33. Flevas DA, Megaloikonomos PD, Dimopoulos L, Mitsiokapa E, Koulouvaris
P, Mavrogenis AF (2018) Thromboembolism prophylaxis in orthopaedics:
an update. EFORT Open Rev 3(4):136-148

34. Lassen MR, Ageno W, Borris LC, Lieberman JR, Rosencher N, Bandel TJ et al
(2008) Rivaroxaban versus enoxaparin for thromboprophylaxis after total
knee arthroplasty. N Engl J Med 358(26):2776-2786

35. Eriksson BI, Dahl O, Bdiller HR, Hettiarachchi R, Rosencher N, Bravo ML
et al (2005) A new oral direct thrombin inhibitor, dabigatran etexilate,
compared with enoxaparin for prevention of thromboembolic events
following total hip or knee replacement: the BISTRO Il randomized trial. J
Thromb Haemost 3(1):103-111

36. Eriksson BI, Dahl O, Rosencher N, Kurth AA, van Dijk CN, Frostick SP et al
(2007) Oral dabigatran etexilate vs. subcutaneous enoxaparin for the
prevention of venous thromboembolism after total knee replacement:
the RE-MODEL randomized trial. J Thromb Haemost 5(11):2178-2185

37. Huang HF, Li SS, Yang XT, Xie Q, Tian XB (2018) Rivaroxaban versus enoxa-
parin for the prevention of venous thromboembolism after total knee
arthroplasty: a meta-analysis. Medicine 97(48):e13465

38. Jiang H-H, Jian X-F, Shangguan Y-F, Qing J, Chen L-B (2019) Effects of
enhanced recovery after surgery in total knee arthroplasty for patients
older than 65 years. Orthopaedic Surg 11(2):229-235

39. Jenny J-Y, Bulaid Y, Boisrenoult P, Bonin N, Henky P, Tracol P et al (2020)
Bleeding and thromboembolism risk of standard antithrombotic
prophylaxis after hip or knee replacement within an enhanced recovery
program. Orthop Traumatol Surg Res 106(8):1533-1538

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	What is the best prophylaxis against venous thromboembolism in Asians following total knee arthroplasty? A systematic review and network meta-analysis
	Abstract 
	Purpose: 
	Materials and Methods: 
	Results: 
	Conclusion: 

	Introduction
	Hypothesis
	Materials and methods
	Information sources
	Eligibility criteria and study selection
	Data collection and statistical analysis
	Risk of bias assessment of studies
	Quality assessment of studies

	Results
	NOACs
	LMWHs
	Mechanical-only prophylaxis (MOP)
	No prophylaxis (NP)
	Primary outcome: VTE incidence
	Secondary outcome: bleeding incidences

	Discussion
	Conclusion
	Acknowledgements
	References


