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Heparins for Preventing Venous Thrombosis after Orthopedic
Surgery: A Systematic and Meta-analysis
Xing-xian Luoa, Jun-ping Hana, Muhammad Usmana, Charles D. Sandsb and Chang-qing Yanga,�

School of Basic Medicine and Clinical Pharmacy, China Pharmaceutical University, Jiangsu, Chinaa
McWhorter School of Pharmacy, Samford University, Alabama, USAb

Background : Mechanical prophylaxis (MP) and low-molecular-weight heparins (LMWHs) have
been widely used after patient undergoing orthopedic surgery. However, their efficacy in preventing
venous thrombus remains unclear.

Methods : PubMed, Embase and Cochrane library databases were systematically searched for studies that investigated the effectiveness between MP and LMWHs. Predefined outcomes were incidence
of deep vein thrombosis (DVT), pulmonary embolism (PE), proximal DVT and major bleeding using
random-effects models.

Results : A total of 8 randomized controlled trials (RCTs) on 2899 patients were eligible for inclusion. No significant difference was observed between MP and LMWHs for the prevention of DVT (RR
1.37; 95% CI: 0.83-2.26), PE (RR 1.35; 95% CI: 0.41-4.41), or proximal DVT (RR 1.30; 95% CI: 0.553.02). However, there was a significant reduction of major bleeding (RR 0.21; 95% CI: 0.05-0.82).
Predefined subgroup analysis suggested that MP might enhance the occurrence of DVT in comparison
with fixed-dose LMWHs (RR 1.61; 95% CI: 1.09-2.37), but not in the subgroup with adjusted-weight
LMWHs (RR 0.38; 95% CI, 0.11-1.30). Without combining graduated compression stockings (GCS) in
both groups, the incidence of DVT was significantly associated with MP (RR 1.88; 95% CI: 1.01-3.21).

Conclusions : Results of this meta-analysis suggested, compared to LMWHs, MP might have no
significance in the prevention of DVT, although it was associated with lower incidence of major
bleeding after patients underwent orthopedic surgery. However, subgroup analyses suggested that
fixed-based LMWHs or application one of mechanical types without GCS might have differential
effects. Therefore, large-scaled and well-designed RCTs are needed in the future.
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Venous thromboembolism is a potentially fatal

reported that compression device could signifi-

disorder, presenting as deep vein thrombosis

cantly reduce the incidence of symptomatic DVT

(DVT) or pulmonary embolism (PE) with a high

(0.1%) compared with historical control (0.8%)

mortality, resulting in a heavy burden on the

after THA.10) Moreover, the effectiveness of pre-

1)

health care system. The risk of DVT in major

venting DVT with MP is similar to LMWHs but

orthopedic surgery is among the highest for all

with a significant lower risk of bleeding.2),5),6)

surgical specialties, particularly for total hip

Currently, multiple mechanical methods remain

arthroplasty (THA) and even death from VTE

in use because there is no demonstrated signifi-

2)

still occur. Given the potential for the survival

cant difference in the effectiveness of the vari-

estimated at 94.5% for DVT and 66.8% for PE up

ous compression types.11) Without a clearly

to 30 days after on set, preventative measures

established consensus on the choice of thrombo-

against venous thromboembolism (VTE) is of

sis prevention, we performed a meta-analysis of

1)

randomized controlled trials (RCTs) to evaluate

great importance.

The routine use of prophylaxis, mechanical or

effectiveness on DVT, PE, proximal DVT and

pharmacologic methods against venous throm-

major bleeding of MP compared with LMWHs in

boembolic disease after orthopedic surgery is

orthopedic surgery.

2)

recommended. Pharmacologic prophylaxis,
particularly with low-dose unfractionated

METHODS

heparin (LDUH) and low-molecular-weight
heparins (LMWHs), have been shown to signifi-

Ethical approval and patient consent were not

cantly reduce the incidence of asymptomatic

required, because all analysis were based on

DVT by 58% and 50% respectively, compared

previous published researches. We followed

2)-4)

However, side effects

PRISMA (Preferred Reporting Items for

including hemorrhagic complications and

Systematic Reviews and Meta-Analyses) state-

heparin-induced thrombocytopenia (HIT) syn-

ment to perform our meta-analysis.12) The liter-

drome, are frequent.5)-6) The other main methods

ature search, data extraction and quality

of MP used in orthopedic surgery included com-

assessment were screened by two investigators

pression stockings (GCS), venous foot pump

independently. Any discrepancy was adjudicated

(VFP), pneumatic compression device (PCD) and

by the third author.

with no prophylaxis.

mobile compression device (MCD) were theorized
to prevent VTE by accelerating venous blood

1. Search strategy and inclusion criteria Search

flow from the legs, increasing the release of

strategy

endothelial-derived relaxing factors and promoting release of urokinase.7)-9) A recent study

- 255 -

Electronic searches were systematically con-

JKSHP, VOL.35, NO.3 (2018)

ducted in the PubMed, Embase and Cochrane

device (PCD) or mobile compression device

Central Register of Controlled Trials (CENTRAL)

(MCD).

databases by combining key words and subject

3. Control: the control group had to receive

terms without limitation of language. Search

LMWHs.

terms included“Venous thromboembolism”
,

4. Outcomes: DVT had to be the outcome

“venous thrombus”
,“venous thrombosis”
,“VTE”
,

measured.

“deep vein thrombosis”
,“DVT”
,“pulmonary

5. Types of study: The studies had to be ran-

embolism”
,“PE”
,“orthopedic surgery”
,“hip sur-

domized controlled trials.

gery”
,“total hip replacement”
,“total hip arthro-

Studies on patients with a history of DVT or PE

plasty”
,“THR”
,“total hip replacement”
,“total

were excluded, as it is known that the preva-

knee arthroplasty”
,“total knee replacement”
,

lence of post-thrombotic syndrome and chronic

“TKR”
,“knee surgery”
,“total joint arthroplasty”
,

complication of DVT are significantly

“total joint replacement”
,“knee arthroscopy”
,

increased.13) In addition, some articles combined

“hip arthroscopy”
,“low-molecular-weight

LMWHs with MP in one group or additional

heparin”
,“low molecular weight heparins”
,

drugs in prevention VTE were also excluded.

“ LMWHs”, “ enoxaparin”, “ fraxiparin”,
“nadroparin”
,“dalteparin”
,“mechanical prophy-

2. DATA extraction and outcome measures

laxis”
,“mechanical therapy”
,“compression
stockings”
,“venous foot pump”
,“pneumatic

The following information was extracted by

compression device”
,“graduate compression

using a standardized data collection form: first

stockings”
,“mobile compression device”
,“VFP”
,

author, year of publication, sample size, charac-

“GCS”
,“PCD”
,“MCD”
. Each database was search

teristics of patients, study population, subtypes

from inception to August 2017 by combining

of mechanical prophylaxis, diagnostic procedure,

MESH (medical subject heading) terms in their

follow up, the incidence of DVT, the incidence of

exploded versions and free words. Additionally,

PE, the incidence of proximal DVT and major

we also search the important review and refer-

bleeding. Any disagreements were addressed

ence list of included studies to identify other

through team consensus.
The primary outcome was defined as the inci-

potentially eligible trials. There is no additional

dence of DVT. In addition, the incidence of PE,

limitation.

proximal DVT and major bleeding were also
Inclusion criteria

evaluated as secondary outcomes.

Studies were included if they met all of the fol-

3. Risk of Bias Assessment

lowing criteria:
We assessed the methodological quality of

1. Study population: patient undergoing ortho-

included studies using the Cochrane Collabo-

pedic surgery.
2. Intervention: the intervention had to be

ration tool, which consisted of 6 aspects: selec-

mechanical compression defined as venous

tion bias (random sequence generation, alloca-

foot pump (VFP), graduate compression

tion concealment), performance bias (blinding of

stockings (GCM), pneumatic compression

participants, blinding of personnel), attrition
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bias (incomplete outcome), detection bias (blind-

statistically significant at two-sided P-values

ing of outcomes assessments), reporting bias

0.05. All statistical analyses were performed

(selective reporting) and other potential source

using RevMan 5.3 software and Stata 12.0.

of bias. Each item was rated as low, high or
unclear risk and the overall risk of bias of a

RESULTS

study was concluded by summarizing all the 6
aspects. The summary risk of bias was consid-

1. Study identification and Selection

ered to be low (low risk in all domains), high
In the initial search, 551 articles were identified

(high risk in one or more domains), or unclear
(low or unclear).14)

through database. Of them, 78 articles were
excluded due to duplication and 460 excluded via

4. Statistical analysis

screening abstract and full-text. Therefore,
there were 12 potentially eligible trials con-

We estimated the relative risk (RR) with 95%

formed to criterion. Among these, 4 articles

confidence interval (CI) for the primary outcome

were excluded owning to LMWHs group com-

and secondary outcomes. Considering clinical

bined with GCS, MP group combined LMWHs

heterogeneity could not be excluded, random-

and patients with history of VTE. Overall, 8

effects models (Mantel-Haenszel method) were

RCTs5),6),19)-24) were included in the meta-analysis

used in all meta-analyses. Statistical hetero-

after application of inclusion criteria. The flow

geneity across studies was tested by using the I2

chart, including the reasons for exclusion of

15),16)

statistic and Q test.

Heterogeneity was con-

studies, is presented in Fig.1.

sidered if the P-value was ≤0.10. According to
grade of heterogeneity, I2 values of 0-24.9%,

2. Study Characteristic

25%-49.9%, 50%-74.9% and 75%-100% were
perceived as zero, low, moderate and high

Table 1 summarizes the baseline characteristics

thresholds for statistical heterogeneity, respec-

of the 8 eligible RCTs. They were published from

tively. To reduce spurious results, predefined

1996 to 2011 and enrolled 2691 patients (1224

subgroup analysis was also conducted according

patients in MP group and 1466 patients in the

to the MP types (GCS, VPF, PDC or MCD),

LMWHs group). The follow-up varied from 1-3

LMWHs types or administration, the sample

months and the incidence of DVT in the LMWHs

size, duration of follow-up and with or without

group was between 1% and 13%. In 7 trials,5),6),

additional GCS. We further conducted sensitivity

19),21)-24)

analyses by omitting one study and pooling the

and 1 trial20) by venography. In the LMWHs

others in each turn. In addition, the potential for

group, enoxaparin was used in 5 trials,5),6),19),20),24)

bias was conducted by inspection of a funnel

fraxiparin in 2 trials21),22) and nadroparin in 1

plot and Egger’
s test.17) In addition, a post-hoc

trial.23) The intervention group included 3 trials

power calculation was performed using the

that employed VFP20),21),22) two trials with inter-

Power and Sample Size Calculation (PS) program

mittent pneumatic compression (IPC),19),24) one

(http://biostat.mc.vanderbilt.edu/wiki/Main/Pow

trial with GCS23) and two trials employed MCD.5),6)

erSampleSize).18) The results were considered

In addition, patients in three trials20)-22) were
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Fig. 1 Flow chart of identification

advised to wear anti-thromboembolic stockings

of patients and clinicians was extremely difficult

as adjuvant function regardless of MP or

in these trials to evaluate an obvious interven-

LMWHs. Overall, the incidence of DVT or PE

tion such as IPC or VFP and we speculated that

was reported in all trials,5),6),19)-24) proximal DVT

the primary outcome (DVT) was not likely to be

20)-24)

described in 5 trials

and major bleeding

influenced by lack of blinding.

involved in 7 trials.5),6),20)-24)
4. The Primary outcomes: DVT
3. Risk of Bias Assessment
Eight randomized controlled studies a total of
The risk of bias in the included trials was sum-

2691 patients (1225 in the MP group and 1466 in

marized in Fig. 2. A randomized sequence was

the LMWHs group) were eligible to evaluate the

generated in 5 studies5),6),20)-22) and the investigator

effect of compression therapy on the prevention

reported approximate allocation concealment in

of DVT. The overall incidences of DVT in the MP

only 2 trials.20),22) Additionally, assessor-blind-

group and the LMWHs group were 64 of 1225

5),20)-24)

and none

patients (5.2%) and 55 of 1446 patients (3.8%),

were double-blinded. We presumed that blinding

respectively. There was no significant difference

ness was described in 6 studies
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Table 1 Characteristics of the 8 included RCTs
First author,
year

Patients study
(MP/ populaLMWHs)
tion

Stone MH et
al, 1996

50
(25/25)

Warwick D et
al, 1998

274
(136/138)

Pietsch M et
al, 2003

100
(50/50)

Pitto RP et al,
200
2004
（100/100)

Camporese
Get al, 2008

1317
(660/657)

Chin PL et al,
2009

220
(110/110)

Colwell CW
et al, 2010*

264
(72/192)

Hardwick ME
et al, 2011�

266
(72/194)

THA

THR

THR

TKR

KA

TKA

THA

THA

Diagnose
(DVT)

Duplex
ultrasound

Ascending
venography

Duplex
ultrasound

bilateral
duplex
ultrasonography
bilateral
Doppler
ultrasonography
bilateral
Doppler
ultrasonography
bilateral
duplex
ultrasonography
bilateral
duplex
ultrasonography

Follow
up
(day)

42

90

45

45

90

30

84

90

MP

IPC

VFP

VFP

VFP

GCS

IPC

MCD

MCD

LMWHs
(administration)
enoxaparin
FD

enoxaparin
FD

fraxiparin
WBD

fraxiparin
WBD

nadroparin
FD

enoxaparin
FD

enoxaparin
FD

enoxaparin
FD

Group

ProDVT PE
MB
DVT
n(%) n(%)
n(%)
n(%)

MP

1
(4.0)

0
(0.0)

NR

0
(0.0)

LMWHs

1
(4.0)

0
(0.0)

NR

0
(0.0)

24
1
17
(17.6) (0.0) (12.5)

NR

18
0
(13.5) (0.0)

12
(8.7)

NR

MP

0
(0.0)

0
(0.0)

0
(0.0)

0
(0.0)

LMWHs

4
(8.0)

0
(0.0)

3
(6.0)

1
(2.0)

MP

3
(3.0)

0
(0.0)

0
(0.0)

0
(0.0)

LMWHs

6
(6.0)

0
(0.0)

0
(2.0)

0
(0.0)

MP

19
(2.9)

2
(0.0)

8
(1.2)

1
(0.0)

LMWHs

4
(0.0)

2
(0.0)

2
(0.0)

2
(0.0)

MP

4
(0.4)

0
(0.0)

0
(0.0)

0
(0.0)

LMWHs

6
(5.5)

0
(0.0)

1
(0.9)

2
(1.8)

MP

4
(5.6)

1
(1.4)

NR

0
(0.0)

LMWHs

8
(4.2)

2
(1.0)

NR

11
(5.6)

MP

4
(5.6)

1
(1.4)

NR

0
(0.0)

LMWHs

8
(4.1)

2
(1.0)

NR

11
(5.7)

MP
LMWHs

DVT, deep venous thrombosis; PE, pulmonary embolism; Pro-DVT, proximal deep venous thrombosis; MP, mechanical prophylaxis; LMWHs, lowmolecular-weight heparins; TKR, total knee replacement; THR, total hip replacement; THA, total hip arthroplasty; KA, knee arthroplasty; IPC, intermittent pneumatic compression; VFP, venous foot pump; GCS, graduated compression stockings; MCD, mobile compression device; WBD, weightbased dose; FD, fixed dose; NR, not reported; MB, major bleeding defined as required re-hospitalization or prolonged hospitalization, required any
intervention such as surgery or hematoma aspiration to prevent permanent impairment.
*, In the study, there are 197 patients of MP group and 192 of LMWHs group. However, 125 patients of MP group received aspirin, which may affect
the result, therefore, were excluded. The incidence of DVT, PE, Proximal DVT or major bleeding was also conducted when excluded.
�

, In the study, there are 198 patients of MP group and 194 of LMWHs group. However, 125 patients of MP group received aspirin, which may affect

the result, therefore, were excluded. The incidence of DVT, PE, Proximal DVT or major bleeding was also conducted when excluded.
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Fig. 2A Risk of bias graph

Fig. 2B Risk of bias summary
Fig. 2 Risk of bias assessment

in the MP group compared with LMWHs group

proximal DVT (RR 1.30; 95% CI: 0.55 to 3.02;

for the prevention of DVT (RR 1.37; 95% CI: 0.83

I2=0%, Fig. 5) compared with LMWHs in ortho-

to 2.26; I2=31%, Fig. 3) but with a power of 0.45.

pedic surgery. However, MP significantly

Additionally, the overall combined RR was not

reduced overall the incidence of major bleeding

altered by omitting any single study, which

(RR 0.21; 95% CI: 0.05 to 0.82; I2=0%, Fig. 6)

ranged from 1.20 (95% CI: 0.81 to 1.78) to 1.55
(95% CI: 0.95 to 2.51). The results of subgroup

6. Publication bias

analyses are shown in Table 2.
No evidence of publication bias was detected by
5. The secondary outcome

visually inspecting funnel plot (Fig. 7) and Egger
test with a P value of 0.373, suggesting a low

MP had no impact on the incidence of PE (RR

likelihood of potential publication bias.

1.35; 95% CI: 0.41 to 4.41; I2=0%, Fig. 4) and
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Fig. 3 Pooled estimate of DVT risk in MP compared to LMWHs after orthopedic surgery
RR: relative risk, CI: confidence interval

Fig. 4 Pooled estimate of PE risk in MP compared with LMWHs after orthopedic surgery
RR: relative risk, CI: confidence interval

Fig. 5 Pooled estimate of proximal DVT risk in MP compared with LMWHs after orthopedic surgery
RR: relative risk, CI: confidence interval

- 261 -

JKSHP, VOL.35, NO.3 (2018)

Table 2 Stratified analyses of overall DVT

Trials

patients

Event in
MP
n(%)

Event in
LMWHs
n(%)

ES
(95% CI)

I2 (%)

P
value

8

2691

64(2.4)

55(2.0)

1.37(0.83-2.26)

31

0.22

IPC or MCD

4

800

18(2.3)

23(2.9)

1.36
（0.74-2.56）

0

1.01

others

4

1891

46(2.4)

32(1.7)

1.16(0.39-3.50)

70

0.79

enoxaparin controlled

5

1074

42(3.9)

41(3.8)

1.36
（0.9-2.07）

0

0.14

not enoxaparin controlled

3

1617

22(1.4)

14(0.1)

0.85
（0.11-6.65）

80

0.88

≥250

4

1847

27(1.5)

20(1.1)

2.10
（0.89-4.97)

42

0.09

250

4

570

13(2.3)

17(3.0)

0.79(0.31-1.99)

22

0.62

knee surgery

3

1737

31(1.78)

16(1.0)

1.61(0.48,5.35）

70

0.44

hip surgery

5

954

33(3.46)

39(4.1))

1.26(0.80-1.98)

0

0.32

≥3 months

3

1857

47(2.5)

30(1.6)

1.93(0.88-4.22)

55

0.1

3 months

5

834

17(2.0)

25(3.0)

0.98(0.51-1.88)

5

0.94

Fixed-dose

6

2391

61(2.6)

45(1.9)

1.61(1.09,2.37)

0

0.02

Weight-based dose

2

300

3(1.0)

10(3.3)

0.38(0.11,1.30)

0

0.12

MP or LMWHs+ GCS

3

574

27(4.7)

28(4.9)

0.71(0.23,2.24)

54

0.56

MP or LMWHs

5

2117

37(1.7)

27(1.3)

1.88(1.01,3.21)

0

0.02

Subgroups
All MP VS all LMWHs
MP subtypes

LMWHs

Sample size

Study population

Follow up

Administration (LMWHs)

Types

MP, mechanical prophylaxis; LMWHs, low-molecular-weight heparins; GCS, graduated compression stockings

DISCUSSION

reduction of major bleeding. However, subgroup
analysis suggested that administration types of

Results of this meta-analysis of 8 RCTs of MP

fixed-dose LMWHs or without additional GCS in

versus subcutaneous LMWHs in patients under-

both groups was associated with increased the

going orthopedic surgery showed no significant

incidence of DVT when MP was compared with

difference in preventing the incidence of DVT,

LMWHs.

PE and proximal DVT but with a significant
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Fig. 6 Pooled estimate of major bleeding risk in MP compared with LMWHs after orthopedic surgery
RR: relative risk, CI: confidence interval

Fig. 7 Funnel plot of DVT risk in MP compared with LMWHs after orthopedic surgery

or LMWHs remain a matter of debate, as

and hence it remains unclear whether the con-

recently the meta-analysis25) suggested that

clusion are generable to patients undergoing

mechanical compression could significantly

orthopedic surgery. Another large study,26)

increase the risk of DVT compared with LMWHs

included more than 30000 total knee arthro-

(RR 1.8, CI: 1.16-2.97) in postoperative and post

plasty patients for the prevention of postopera-

trauma patients. However, this study included

tive PE, suggested that no significant difference

patients with a history of PE, which were

of LMWHs versus MP (OR 0.72, CI: 0.42-1.23),

excluded in our study, might contribute to clini-

which was partly consistent with our results.

cal heterogeneity. Moreover, this study was spe-

However, limitation of this study includes the

cific to postoperative and post trauma patients

use of administrative database for outcomes
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detection, which may over-diagnosis or under-

(RR:0.21). In addition, MP had potential benefits

diagnosis of a particular outcomes.27) In addition,

with respect to the occurrence of minor bleed-

this study was a level II prospective observa-

ing, blood transfusion or hemorrhagic level

tional cohort study that is not randomized and

compared with LMWHs.5),6),19-24)

clinical usage bias may have occurred.

In stratified analysis, the overall result sug-

Therefore, more well-designed RCTs are still

gested that the pooled effect could be affected by

warranted.

administration types of LMWHs, with or without

There are some sources of clinical heterogenity

additional GCS in both groups rather than follow

in our included studies. As was seen in the study

up, compression types, LMWH types and sample

by Warwick et al,20) the incidence of DVT diag-

size. According to administration types of

nosed by ascending venography in both group

LMWHs, the incidence of DVT in MP was asso-

(MP: 18% LMWHs: 13%) is substantially higher

ciated with a significant increase compared with

than in other studiers based on ultrasonography

fixed-dose LMWHs5),6),19),20),23),24) but not in the sub-

(MP: 0%-6% LMWHs: 0%-8%).5),6),19),21)-24) Using

group with adjusted-weight LMWHs,22),23) which

venography to assess the incidence of DVT pre-

reflected LMWHs based on weight-base dose

sented more actually than ultrasound. However,

might have a preference for prevention of DVT.

ultrasonography is an optimal screening method

In addition, the discrepancy of subgroups with

in low-risk populations, such as patients under-

respect to not combining GCS in both group

going orthopedic surgery. In addition, high

indicated that use of mechanical prophylaxis

specificity is required to avoid false-positive

also had significantly higher risk of DVT com-

25)

findings according to a recent meta-analysis.

pared with LMWHs. We speculate that GCS

Additionally, variety of mechanical compression

combined with other mechanical methods might

included application of duration might also

have benefits of synergistic effect for hemody-

another source of clinical heterogeneity.

namic, endothelial-derived relaxing factors and

Recently, some of studies supported that the

urokinase rather than LMWHs. Though the

type of compression therapy may be relevant

overall results were not altered according to

with potentially a more desirable effect of IPC or

other subgroups, potential risk, particularly for

MCD on DVT due to the superiority of compli-

sample size, was likely to be false-positive. As

2),24)

However, patients employed with IPC or

was seen in the group that exceeded 250

MCD5),6),19),24) did not present superiority to oth-

patients (RR:2.10),5),6),20),23) there was much

ance.

20),21),22),23)

according to our results. Therefore,

increased risk of DVT compared with less than

further large randomized study is required

250 patients (RR:0.79),19),21),22),24) which might be

before strong and definitive recommendations

masked by the insufficient sample size. These

can be drawn.

findings must be considered with some caution

ers

In this meta-analysis the relatively large sample size with 2421 patients may have helped

for subgroup analyses are prone to chance findings.

uncover decreased major bleeding risk that had

The strength of this meta-analysis is that all

not statistical significance demonstrated in indi-

included investigations were randomized and the

vidual trials.5),6),23),24) The results indicated that MP

restrictions on inclusive criteria were poses

could significantly lower risk of major bleeding

rigidly, considering the potential heterogeneity.
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There are four of studies excluded due to

dence of DVT.24),28) However, compliance among

LMWHs group combined with GCS, MP group

various mechanical types in our meta-analysis

combined with enoxaparin, patients with a his-

was difficult to make a comparison, which might

tory of PE or DVT, respectively. Additionally,

have impact on the result. Given limited amount

5),6)

allowed to

of studies included and unavailability of con-

receive aspirin were excluded for evaluation of

founding factors, we could not give a definitive

DVT in case of additional interaction. We also

evaluation of the secondary outcomes. Finally,

performed the subgroup and sensitivity to con-

despite that no significant difference in preven-

firm the robustness of the pooled estimate.

tion of DVT was observed between the use of MP

Considering the extremely low incidence of

and LMWHs but with a power of 0.44 according

major bleeding in both groups, this meta-analy-

to post-hoc power analysis, which indicated

sis collected a combined sample size of 2421

insufficient statistical power. In addition, preva-

patients in the hope of providing a better-pow-

lence of venous thromboembolic events by MP is

ered analysis, with greater ability to illustrate a

relatively low for Asia, suggested that therapeu-

difference that may not be revealed by the

tic protocols may associate with race and

smaller individual studies.23),24) Furthermore, the

region.29) Thus, these outcomes should be treated

other endpoint outcome, including the incidence

cautiously.

patients in MP group of two studies

of PE and proximal DVT were also conducted to
evaluate compression therapy compressively.

In summary, the results of this meta-analysis
suggest that there is no significant difference

Our analysis also has several limitations that

between the use of MP and LMWHs in the pre-

must be taken into consideration when inter-

vention of DVT, PE, or proximal DVT in patients

preting the results. First, GCS employed as

undergoing orthopedic surgery. There was,

20)-22)

adjuvant therapy in both MP and LMWHs

however, a significant decrease in major bleed-

were included, which may contribute to clinical

ing with the use of MP compared with LMWHs.

heterogeneity. However, we attempted to
address this heterogeneity by using random

Author contributions

effects model, stratified and sensitivity analyses.
Second, duplex (Doppler) ultrasonography used

CQ and XX proposed the idea and design the

in assessing the incidence of DVT might have

protocol. XX, JP and UM contributed to the data

been less sensitive for the detection of clots than

extraction and performed database searching,

venography potentially resulting in underesti-

statistical analyses. XX, CQ and UM wrote the

mation of actual DVT. Third, Only six of the

first manuscript. CD and CQ provided critical

5),20)-24)

blinded the radiologist reading the

suggestion. CD reviewed and edited the final

DVT diagnostic studies and the bleeding out-
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comes were typically not evaluated in a blinded

version.
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fashion. Fourth, compliance remains the biggest
challenge associated with the use of these
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