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Abstract: Combined use of heparin and aspirin is frequently pre-

scribed for treatment of recurrent miscarriage (RM) in patients with

antiphospholipid syndrome (APS), or in those without apparent cause of

RM other than thrombophilia; however, this strategy is largely based on

expert opinion and has not been well studied. The option for the use of

different antithrombotic therapies to improve live birth remains unclear.

In this network meta-analysis, we incorporated direct and indirect

evidence to evaluate effects of different antithrombotic treatments on

prevention of pregnancy losses.

We searched PubMed and Embase for randomized clinical trials

comparing effects of at least 2 antithrombotic treatments on live birth in

RM patients published from 1965 through the early of May 2015.

Potential risk bias of eligible trials was evaluated according to the

Cochrane Collaboration guidelines. Bayesian network meta-analysis

was used to estimate relative effects on live birth.

A total of 19 trials involving 2391 RM patients with or without

thrombophilia and 543 with APS were included. No beneficial effect of

antithrombotic treatment was observed either in RM patients with or

without thrombophilia or in patients with APS; however, for patients with

or without thrombophilia, low molecular weight heparin therapy had the

greatest probability (61.48%) of being the best option in terms of live birth;
uan, PhD, Xiao L g Guo, PhD,
d Jia He, PhD

Our results do not support the use of combined low molecular weight

heparin and aspirin for RM treatment, and suggested aspirin may have

negative effects for lowering the risk of pregnancy loss.

(Medicine 94(45):e1732)

Abbreviations: APS = antiphospholipid syndrome, CI =

confidence interval, CrI = credibility intervals, LMWH = low

molecular weight heparin, OR = odds ratio, RCTs = randomized

clinical trials, RM = recurrent miscarriage, SUCRA = surface under

the cumulative ranking curve, UFH = unfractionated heparin.

INTRODUCTION

R ecurrent miscarriage (RM) is a major health issue and is
devastating for women and their families. Up to 5% of

women experience 2 or more miscarriages and approximately
1% of women suffer from�3.1 A common risk factor for RM is
exaggerated hemostatic response, a condition often seen in
antiphospholipid syndrome (APS) and thrombophilia, leading
to placental thrombosis and infarction,2–5 which is also respon-
sible for unexplained RM that accounts for roughly 60% of total
RM cases.6

Antithrombotic therapies or combinations, including
aspirin, heparin (unfractionated heparin [UFH] or low molecu-
lar weight heparin [LMWH], are typically prescribed as they
have antiplatelet or anticoagulant activity to combat the throm-
botic causes of RM. Combined use of low-dose aspirin and
heparin has been recommended in several guidelines for women
diagnosed with APS and with a history of RM7,8; however, this
recommendation is mainly based on expert opinion, rather than
substantial evidence. Results on the benefits of combination
therapy reported from several randomized clinical trials (RCTs)
have been inconsistent.9–12 Some antithrombotic treatments
(such as LMWH plus aspirin vs LMWH alone) have never
been compared directly in clinical trials. Thus, no clear con-
sensus has been reached on the choice of antithrombotic regi-
men for women with RM and APS. Additionally, for women
with RM and thrombophilia or with unexplained RM, the
benefits of antithrombotic therapy remain inconclusive,13–15

although anticoagulants are frequently prescribed in practice.
Although some meta-analyses16–18 have studied the effect

of aspirin or heparin on live birth, they only focused on the
relative effects between 2 of antithrombotic treatments or did
not rank the different antithrombotic therapies. Clinicians will
still be confused about which one should be provided in practice
without an overall picture. In addition, additional studies19–21

have been published since these studies. Therefore, in this
network meta-analysis and systematic review, we updated
ated effects of different antithrombotic
ention of pregnancy loss in RM patients
without apparent cause of RM other than
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ities were calculated on the basis of the proportion of the cycles
in which the given treatment ranked first (the most effective
therapy), second (the second best) and so on, which is presented

RCTs identified  from database search and
relevant reviews (n=213)

Articles for titles and abstracts screening 
(n=210)

Potential articles for full text reviewing 
(n=41) 

Articles included in final analysis (n=19) 

Studied in RM patients with or without thrombophilia (n=12) 

Did not report live birth (n=1)
Compareing different type or doseage of LWMH (n=3)
Prednisolone was used in aspirin group (n=2)
The enrolled population did not met the inclusion criteria (n=2)

Using immunoglobulia or fish oil  as control group (n=2) 
Duplicated studies (n=1) 
Conference abstracts (n=2) 
Not randomised design (n=8)

Studied in RM patients with APS (n=6)
 Studied in both patients (n=1)

Did not specify the reason of RM (n=1)

Duplicates
(n=3)

Excluded
(n=169)

Excluded (n=22)
thrombophilia, combining both direct and indirect evidence
including those that had never been previously directly com-
pared. Further, we provided a clear ranking of the efficacy
conferred by different antithrombotic treatments to gain an
evidence-based understanding of each choice of antithrombotic
therapy in women with RM.

METHODS

Data Sources and Search Strategy
A systematic search of literature from 1965 to the early of

May 2015 in the electronic databases PubMed and Embase was
initially conducted using Medical Subject Headings (MeSH)
and the following free keywords: ‘miscarriage’’; ‘‘abortion’’;
‘‘pregnancy loss’’; ‘‘stillbirth’’; ‘‘fetal loss’’; ‘‘antithrombotic’’;
‘‘anticoagulants’’; ‘‘anticoagulant agent’’; ‘‘heparin’’; ‘‘low-
molecular-weight heparin’’; ‘‘unfractionated heparin’’; and
‘‘aspirin’’. RCTs investigating any antithrombotic treatment
for patients with a history of at least 2 pregnancy losses were
included in our meta-analysis. Additionally, all references cited
in all relevant original and review articles were searched
manually to prevent relevant studies from being excluded.
Ethical approval was not necessary as this study was based
on published data and had no direct contact with patient.

Study selection
Studies were included if they met the following criteria:

randomized controlled clinical trial comparing the effects of one
thrombotic therapy with another or with placebo including
intensive pregnancy surveillance; enrolled women with a
history of at least 2 miscarriages and APS or without apparent
causes of RM other than thrombophilia; reported live birth as
the main outcome measure. For each trial, the most recent and
complete data was used in our analysis.

Data Extraction and Quality Assessment
Data extraction and quality assessment were independently

performed by 2 investigators (TY.Z. and TT.Z). The following
information was extracted and entered into a database: author,
year of publication, study design, sample size, patients’ charac-
teristics, therapies, and outcomes. Potential risk bias in eligible
trials was evaluated according to the Cochrane Collaboration
guidelines (random sequence generation; allocation conceal-
ment; blinding of participants; blinding of outcome assessment
investigator; incomplete outcome data; selective reporting; and
other bias).22 Any disagreement between the 2 authors was
resolved by discussion. If consensus could not be reached, the
principal investigator (J.H.) made the final judgment.

Statistical Analysis
Firstly, we did traditional pair-wise meta-analysis for

direct comparisons between 2 treatment arms using a ran-
dom-effects model. The pooled estimates of odds ratios (OR)
and 95% confidence intervals (95% CIs) was calculated for each
study population (women with APS and women without appar-
ent cause other than thrombophilia). If an article reported
different populations (patients with thrombophilia, without
thrombophilia, or patients with APS), we considered each as
a different study for calculation. Heterogeneity across studies
was assessed using the x2 test and I2 statistic and P values
of< 0.10 was considered as indicative of significant heterogen-

Zhang et al
eity.23 The probability of publication bias was evaluated with
the Egger regression test.24 If publication bias existed, the effect
of publication bias was evaluated by the trim and fill method.25
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Next, we used network meta-analysis methods to compare
different antithrombotic therapies (aspirin alone, LMWH,
LMWH plus aspirin, UFH plus aspirin, as well as placebo,
or intensive pregnancy surveillance) relative to each other,
incorporating evidence on both direct and indirect comparisons.
The Bayesian hierarchical random effects model26 was adopted
to take multiarm trials and differences among trials into
account. The pooled estimates were calculated using the Mar-
kov Chains Monte Carlo method. The OR was estimated using
the median of the posterior distribution, and 95% credibility
intervals (CrI) were obtained based on the 2.5th and 97.5th

percentiles of the posterior distribution, which can be inter-
preted in the same way as conventional 95% CIs. The goodness
of model fit was measured by residual deviance, which is
similar to the number of data points when the model provides
an adequate fit.

Inconsistency of the model was evaluated using the node
splitting method that separated evidence on a particular com-
parison into direct and indirect evidence.27,28 The Bayesian P
value was reported to measure the agreement between the direct
and indirect evidence for each split node. In addition, sensitivity
analysis was carried out using the same computations with the
fixed effect model and by excluding trials that may bias the
pooled effects.

Finally, the treatment was ranked in each Markov Chain
Monte Carlo cycle according to the effect size. Rank probabil-
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FIGURE 1. Flow diagram of the database search and trial selection
process.
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TABLE 1. Characteristics of Included Randomized Clinical Trials

Study

Mean
age

(Yrs)
Cause

of RMs

Number of
Previous Miscarriages

(Mean or Range)
Thrombophilia

Evaluation
No of

Patients reatment Live Births

Schleussner et al,20 2015
�

32 Unknown 2.6 (1–8) FVL, PT, C, S, AT 449 LMW No treatment 185/226; 183/223

PREFIX, 2015 32 Unknown 3 (2–9) FVL, PT, C, S, APL, AT 256 LMW placebo 92/138; 86/118

Giancotti et al,35 2012 32 Thrombophilia or

unknown

�2 AT, C, S, FVL, PT, APL, HC 167 Aspiri LMWH;

LM Hþ aspirin

Thrombophilia: unknown—11/29;

19/27; 23/28; 22/25; 24/30 28/28

Alalaf et al, 2012 31 APS 3.4 APL 141 Aspiri LMWH 44/61; 69/80

Martinelli et al,42 2012 34 Unknown �2 FVL, PT, AT, C, S, APL 6 LMW medical

surv llance

4/4; 2/2

HABENOX, 2011 32 Thrombophilia or

Unknown

3.8 FVL,PT, C, S, APL,

High factor VIII,

Beta-2 glycoprotein

207 Aspiri LMWH;

LM Hþ aspirin

Thrombophilia: unknown—12/19;

34/57; 13/17; 35/51; 9/15 32/48

Fouda et al,40 2011 28 APS 4.3 APL 60 UFHþ spirin;

LM Hþ aspirin

24/30; 20/30

ALIFE, 2010 34 Thrombophilia or

Unknown

3 (2–15) FVL, PT, C, S, AT 299 Placeb Aspirin;

LM Hþ aspirin

69/103; 61/99; 67/97

Scottish Pregnancy

Intervention, 2010

32 Thrombophilia or

Unknown

2 FVL,PT,APL 294 LMW aspirin; Intensive

surv llance group

111/147; 111/147

HepASA,2009 34 APS or Thrombophilia �2 APL, FVL, C, S, MTHFR 88 Aspiri LMWHþ aspirin Thrombophilia: APS—19/23;

15/20; 18/23; 17/22;

Fawzy et al,38 2008 29 Unknown 3.6 APL, FVL, C, S, HC 107 LMW placebo 46/57; 24/50

Badawy et al,43 2008 27 Unknown 4.4 FVL, C, S, AT, APL 340 LMW no treatment 159/170; 148/170

Dendrinos et al,39 2007 – Thrombophilia �2 AT, C, S, FVL, APC, APL, HC 62 Aspiri LMWH 20/31; 25/31

Goel et al,11 2006 24 APS 2.7 APL 72 UFHþ spirin; aspirin 28/33; 24/39

Dolitzky et al,14 2006 31 Unknown 3 APL, FVL, C, S, AT, PT, MTHFR 104 Aspiri LMWH 42/50; 44/54

Farquharson et al,9 2002 33 APS 3 APL 98 Aspiri LMWHþ aspirin 34/47; 40/51

Pattison et al,41 2000 31 APS �3 APL 40 Aspiri placebo 16/20; 17/20

Tulppala et al,13 1997 33 Unknown 3—8 ACA 54 Aspiri placebo 22/27; 22/27

Rai et al,10 1997 33 APS 4(3—15) APL 90 UFHþ spirin; aspirin 32/45; 19/45

ACA¼ anticardiolipin antibodies, ALIFE¼ anticoagulants for living fetuses, APC¼ activated protein C, APL¼ antiphospholipid ntibodies, APS¼ antiphospholipd antibody syndrome,
AT¼ antithrombin deficiency, C¼ protein C deficiency, FVL¼ factor V Leiden, HABENOX¼ low molecular weight heparin and/or asp n in prevention of habitual abortion, HC¼ hyperhomo-
hyperhomocysteinemia, HepASA¼ low molecular weight heparin and aspirin in the treatment of recurrent pregnancy loss: A RCT, LMWH low molecular weight heparin, MTHFR¼methylenete-
methylenetetrahydrofolate reductase mutation, PREFIX¼ prevention of unexplained recurrent abortion by enoxaparin, PT¼ prothrombin 0210A mutation, UFH¼ unfractionated heparin.�

Although Schleussner et al,20 2015, included RM patients with 1 previous miscarriage, they only accounted for 4% and we omitted this tudy in sensitivity analysis to check the robustness of the
results.
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and placebo (I2¼ 73.5%, P< 0.01). No publication bias or

Patients with or without thrombophilia

Placebo

Aspirin

LMWH

UFH+Aspirin

40

141140

162

60

Placebo

Aspirin

LMWH

LMWH+Aspirin

49
4

2561158

419

495

242

LMWH+Aspirin

Patients with APS

FIGURE 2. Network among eligible treatments in patients with or
without thrombophilia and patients with APS. The node size
indicates the sample size in the treatment group that the node
stands for; the thickness of the link represents the sample size of
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in the form of rankograms and cumulative rankograms.29–34

The surface under the cumulative ranking curve (SUCRA) was
also estimated to obtain a treatment hierarchy. SUCRAwould be
1 if a treatment is certain to be the best and 0 if a treatment is
certain to be the worst.33

Analyses were conducted with WinBUGS1.4.3 (MRC
Biostatistics Unit, Cambridge, UK), R 3.0.3 and Stata 12.0
(StataCorp LP, College Station, TX). Figures of risk of bias
were generated using Review Manager Version 5.1. Statistical
tests were two sided and P< 0.05 was considered to be of
statistical significance.

RESULTS

Characteristics of Selected Studies
We identified 213 relevant articles from the initial data-

base search. After removing duplicates, the total number of
potential articles was 210. Of these, 169 records were excluded
on the basis of their titles and abstracts. The full texts of the
remaining articles were further evaluated. Finally, a total of
2934 patients from 19 trials9–15,19–21,35–43 met our inclusion
criteria. Figure 1 outlines the selection process in detail and
Table 1 summarizes general characteristics of each study. Of the
included trials, 12 were conducted in a group of women with or
without thrombophilia,13–15,20,21,35–39,42,43 6 in patients with
APS,9–11,19,40,41 and 1 in both.12 Figure 2 shows the network of
direct comparisons for different populations. For the included
studies, the risk of bias was mainly from the fact that partici-
pants and personnel were not blinded because heparin was
administered subcutaneously, and therefore, blinding partici-
pants was virtually impossible (Table S1, http://links.lww.com/
MD/A489, Figure S1, http://links.lww.com/MD/A489, and
Figure S2, http://links.lww.com/MD/A489).

Effects of Antithrombotic Treatments on Live
Birth in Patients With or Without Thrombophilia

A total of 2391 patients were included in this analysis, with
362 patients in the aspirin group, 801 in the LMWH group, 388
in the combination of LMWH and aspirin group, and 840 in the
placebo or intensive surveillance group. Table 2 and Figure 3
present the pooled effect estimates for the results of Bayesian
network and traditional pair-wise meta-analyses on the outcome
of live birth in RM patients with or without thrombophilia.
Figure 4 and Table S3, http://links.lww.com/MD/A489 show
the distribution of probabilities of each treatment strategy being
ranked at different positions based on the protective effects on
live birth in RM patients with or without thrombophilia. Com-
pared with placebo, none of antithrombotic treatments showed a
significant effect of improving live birth. The only significant
difference was observed between LMWH and aspirin (LMWH
vs aspirin: OR 2.02, 95% CrI 1.13–3.95); however, LMWH had
the highest SUCRA (85.10%) and showed the greatest prob-
ability (61.48%) of being ranked at the first place to improve
live birth for RM patients with or without thrombophilia.
Whereas aspirin had the lowest SUCRA (7.00%) and showed
the greatest probability of being least beneficial (82.04%). The
residual deviance (38.67) was closed to data points (35), mean-
ing goodness fit for the model was adequate. Using traditional
pair-wise meta-analysis or excluding the trial20 that enrolled a
small proportion of patients with 1 miscarriage (4%), the results

Zhang et al
were consistent. In the sensitivity analysis based on the fixed
effects model, the beneficial effect of LMWH plus aspirin on
live births also reached the level of significance compared with
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aspirin (OR 1.64, 95% CrI 1.16–2.32). The order of ranking of
treatment strategies was not changed. Heterogeneity was shown
in the comparison between LMWH plus aspirin versus aspirin
alone (I2¼ 51.2%, P¼ 0.04) and comparison between LMWH

the direct comparisons. APS¼ antiphospholipid syndrome,
LMWH¼ low molecular weight heparin, UFH¼unfractionated
heparin.
inconsistency was identified (Table S4, http://links.lww.com/
MD/A489 and Table S5, http://links.lww.com/MD/A489).

Effects of Antithrombotic Treatments on Live
Birth in Patients With APS

A total of 543 patients with APS were included in this
analysis, with 232 patients in the aspirin group, 80 in the
LMWH group, 103 in the combination of LMWH and aspirin
group, 108 in the combination of UFH and aspirin group, and 20
in the placebo group. Table 2 and Figure 5 present the pooled
effect estimates for the results of Bayesian network and
traditional pair-wise meta-analyses on the outcome of live birth

in RM patients with APS. Figure 6 and Table S3, http://
links.lww.com/MD/A489 show the distribution of probabilities
of each treatment strategy being ranked at different positions

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Results of Bayesian Network, Traditional Pair-Wise and Sensitivity Analysis

Bayesian Network Traditional Pair-Wise Sensitivity Analysis
�

Sensitivity Analysisy

Comparisons OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Patients with or without thrombophilia
Aspirin vs placebo 0.70 (0.36, 1.49) 0.82 (0.48, 1.39) 0.69 (0.48, 1.01) 0.77 (0.36, 1.62)
LMWH vs placebo 1.28 (0.67, 2.61) 1.04 (0.70, 1.55) 1.13 (0.82, 1.60) 1.35 (0.81, 3.13)
LMWHþ aspirin vs placebo 1.45 (0.84, 2.79) 1.86 (0.68, 5.06) 1.27 (0.98, 1.66) 1.59 (0.81, 3.13)
LMWH vs aspirin 2.02 (1.13, 3.95)a 2.07 (1.14, 3.76)a 1.94 (1.35, 2.79)a 2.11 (1.10, 3.81)a

LMWHþ aspirin vs Aspirin 1.79 (0.95, 3.48) 1.76 (0.87, 3.56) 1.64 (1.16, 2.32)a 1.79 (0.93, 3.54)
LMWHþ aspirin vs LMWH 0.89 (0.44, 1.82) 0.89 (0.47, 1.67) 0.90 (0.62, 1.30) 0.84 (0.43, 1.81)

Patients with APS
Aspirin vs placebo 0.68 (0.06, 8.48) 0.71 (0.14,3.66) 0.65 (0.10, 3.72) —

LMWH vs placebo 1.74 (0.07, 49.61) — 1.58 (0.21, 11.17) —

LMWHþ aspirin vs placebo 0.82 (0.03, 14.17) — 0.80 (0.10, 5.86) —

UFHþ aspirin vs placebo 1.68 (0.13, 34.36) — 1.70 (0.23, 10.38) —

LMWH vs aspirin 2.48 (0.36,21.02) 2.42 (1.04,5.66)a 2.42 (1.09,5.62)a —

LMWHþ aspirin vs Aspirin 1.14 (0.23, 7.50) 1.33 (0.27, 4.69) 1.18 (0.44, 3.08) —

UFHþ aspirin vs aspirin 2.56 (0.83, 9.62) 2.47 (1.36, 4.52)a 2.54 (1.54,4.31)a —

LMWHþ aspirin vs LMWH 0.47 (0.02, 6.93) — 0.49 (0.13, 1.68) —

UFHþ aspirin vs LMWH 1.01 (0.08, 10.7) — 1.04 (0.40, 2.82) —

UFHþ aspirin vs LMWHþ aspirin 2.26 (0.32, 13.91) 2.00 (0.62, 6.47) 2.17 (0.87, 5.77) —

LMWH¼ low molecular weight heparin, UFH¼ unfractionated heparin, APS¼ antiphospholipid antibody syndrome, OR¼ odds ratio, CI¼CI,
confidence interval.�

Sensitivity analysis based on fixed effects model.
ySensitivity analysis which excluded 1 study that included a small proportion RM patients with 1 previous miscarriage.
a Statistically significant; the placebo group includes intensive surveillance.

Aspirin vs Placebo

LMWH+Aspririn vs Placebo

LMWH vs Placebo

LMWH vs Aspirin

LMWH+Aspririn vs Aspirin

LMWH+Aspririn vs LMWH

study

network

pairwise

network

pairwise

network

pairwise

network

pairwise

network

pairwise

network

pairwise

0.77 (0.36, 1.62)

0.82 (0.48, 1.39)

1.35 (0.61, 3.11)

1.04 (0.70, 1.55)

1.45 (0.84, 2.79)

1.53 (0.78, 3.02)

2.11 (1.09, 3.81)

2.07 (1.14, 3.76)

1.79 (0.93, 3.54)

1.76 (0.87, 3.55)

0.84 (0.43, 1.81)

0.89 (0.57, 1.67)

OR (95% CI)

0.77 (0.36, 1.62)

0.82 (0.48, 1.39)

1.35 (0.61, 3.11)

1.04 (0.70, 1.55)

1.45 (0.84, 2.79)

1.53 (0.78, 3.02)

2.11 (1.09, 3.81)

2.07 (1.14, 3.76)

1.79 (0.93, 3.54)

1.76 (0.87, 3.55)

0.84 (0.43, 1.81)

0.89 (0.57, 1.67)

OR (95% CI)

1.3 .5 1 2

FIGURE 3. Forest plot for OR of live birth based on Bayesian network and traditional pair-wise meta-analyses in patients with or without
thrombophilia. The black squares represent the pooled effect estimates, which mean the OR of live birth between the corresponding pair
of drugs, whereas the horizontal lines depict the 95% credible intervals in Bayesian network meta-analysis and 95% confidence intervals in
traditional pair-wise meta-analysis. LMWH¼ low molecular weight heparin, OR¼odds ratio, UFH¼unfractionated heparin.
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Aspirin vs Placebo

LMWH vs Placebo

LMWH+Aspririn vs Placebo

UFH+Aspirin vs Placebo

LMWH vs Aspirin

LMWH+Aspririn vs Aspirin

UFH+Aspirin vs Aspirin

LMWH+Aspririn vs LMWH

UFH+Aspirin vs LMWH

UFH+Aspirin vs LMWH+Aspirin

study

network

pairwise

network

network

network

network

pairwise

network

pairwise

network

pairwise

network

network

network

pairwise

0.68 (0.06, 8.48)

0.71 (0.14, 3.66)

1.74 (0.07, 49.61)

0.82 (0.03, 14.17)

1.68 (0.13, 34.36)
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based on the protective effects on live birth in RM patients APS.
None of antithrombotic treatments showed a significant
beneficial effect on improving live birth compared with
placebo; however, the combination of UFH and aspirin had
the highest SUCRA (75.50%) and showed the greatest prob-
ability (75.15%) of being at the top 2 positions in the effect of
reducing pregnancy loss, followed by LMWH (SUCRA,
71.00%; being in the top 2 places with probability of
65.87%). Whereas aspirin had the lowest SUCRA (23.00%)
and showed the highest probability (79.14%) of being at last 2
places. The residual deviance (13.27) was similar to data points
(35), which meant goodness fit for the model was satisfactory.
In the traditional pair-wise meta-analysis and sensitivity
analysis based on the fixed effects model, UFH plus aspirin
(pair-wise analysis: OR 2.47, 95% CrI 1.36–4.52; sensitivity
analysis: OR 2.54, 95% CrI 1.54–4.31) and LMWH alone (pair-
wise analysis: OR 2.42, 95% CrI 1.04–5.66; sensitivity
analysis: OR 2.42, 95% CrI 1.09–5.62) significantly improved
live births compared with aspirin. The ranking order was not
changed. There was no evidence of heterogeneity, publication
bias, or inconsistency (Table S4, http://links.lww.com/MD/
A489 and Table S5, http://links.lww.com/MD/A489).

Safety Profile

being ranked at the corresponding positions on the horizontal axis.
first, second, third, and the last place for the protective effects on
cumulative probabilities are 0.5%, 2.9%, 17.97%, 100%, respect
Because of differences in reporting adverse events (AEs)
among studies and insufficient data for AEs, we did not carry
out network analysis for the safety of treatments; however, we

6 | www.md-journal.com
summarized the AEs reported in each study in Table 3. The most
common AE was bleeding.

DISCUSSION

Principal Findings
In this network meta-analysis, we evaluated the effects of

different antithrombotic treatment strategies on live births for
RM patients with thrombophilia or without apparent cause and
patients with RM and APS, separately. There was no beneficial
effect conferred by antithrombotic treatment either in RM
patients with or without thrombophilia or in patients with
APS; however, for patients with RM, with or without throm-
bophilia, LMWH therapy had the greatest probability of being
the best option in terms of live births; for patients with RM and
APS, this meta-analysis indicated that the combination of UFH
and aspirin is the superior treatment for RM with the highest
possibility of being best option for reducing pregnancy loss.
Aspirin, by contrast, seemed inferior among antithrombotic
treatments in both groups of patients.

Results in Relation to Other Studies
Our findings are consistent with those of previous pair-

wise meta-analyses, but go beyond in that our study mines more

r example, as the figure shows, the probabilities of aspirin being at
e birth are 0.5%, 2.4%, 15.07%, 82.03%, respectively, and the
y. LMWH¼ low molecular weight heparin.
information on the effects of different antithrombotic therapies
on live births in women with RM. The meta-analysis conducted
by Mak et al,16 which included nonrandomized trials, showed

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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that the combination of heparin and aspirin was significantly
superior to aspirin alone in reducing the risk of miscarriage in
RM patients with APS. Ziakas et al17 observed a significant
benefit in live births conferred by the combination of UFH and
aspirin, but not by LMWH plus aspirin; however, both analyses
only focused on the relative effects of the combination therapy
versus aspirin alone in women with RM and APS. Several
comparisons among other antithrombotic treatments, such as
LMWH plus aspirin versus placebo in patients with RM and
APS, have not been reported in previous meta-analyses due to
the lack of studies of direct comparisons. The most compre-

horizontal lines depict the 95% credible intervals in Bayesian netwo
meta-analysis. APS¼ antiphospholipid syndrome, LMWH¼ low
heparin.
hensive meta-analysis carried out by de Jong et al,18 which
compared effect of anticoagulant treatment on live birth each
other in RM patients with or without inherited thrombophilia,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
also found no beneficial effect of anticoagulants compared with
placebo; however, it only based on direct evidence and did not
rank the different therapies. In this Bayesian network analysis,
we updated evidence and summarized all antithrombotic thera-
pies used in clinical practice, incorporating both direct and
indirect comparisons including those that had never been
previously directly compared (such as LMWH plus aspirin
vs placebo), providing more comprehensive evidence to guide
clinical decisions.

Perhaps one of the most important findings of this study
was that the common practice, the combination of LMWH and

eta-analysis and 95% confidence intervals in traditional pair-wise
lecular weight heparin, OR¼odds ratio, UFH¼unfractionated
aspirin, seemed not to be the best strategy for RM either in
patients without apparent cause other than thrombophilia or in
patients with APS. Based on the ranking of antithrombotic

www.md-journal.com | 7



0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

1 2 3 4 5 1 2 3 4 5

Aspirin LMWH LMWH+Aspirin

Placebo UFH+Aspirin

P
ro

ba
bi

lit
ie

s

0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

0
.2

.4
.6

.8
1

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

1 2 3 4 5 1 2 3 4 5

Aspirin LMWH LMWH+Aspirin

Placebo UFH+Aspirin

n

C
um

ul
at

iv
e 

P
ro

ba
bi

lit
ie

s

FIGURE 6. Rank and cumulative probabilities of different antithrombotic treatments in patients with antiphospholipid syndrome based on
the protective effects on live birth. The horizontal axis represents the positions that the corresponding drug may rank at based on the
protective effects on the outcome of live birth, whereas the vertical axis means the probabilities or the cumulative probabilities of the drug

axis

Zhang et al Medicine � Volume 94, Number 45, November 2015
treatments, the combination of LMWH plus aspirin followed
behind LMWH and aspirin ranked behind placebo in both
groups of patients. It is reasonable to suspect from this that
aspirin had a potentially deleterious effect on live births. This
has been mentioned in previous systematic reviews by Mantha
et al44 because of the poor outcomes in the aspirin-only arm. In
fact, the association between aspirin and the risk of miscarriage
has been observed in a cohort study carried out by Li et al.45 The
mechanism may be that aspirin can suppress the biosynthesis
of prostaglandin and prostaglandin plays an important role in

being ranked at the corresponding positions on the horizontal
heparin.
embryo implantation into the uterus.46–49 Small sample size
may have contributed to the fact that the difference between
aspirin and placebo did not reach statistical significance;

8 | www.md-journal.com
however, these results demonstrate that there is no benefit
against pregnancy loss conferred by aspirin, as shown in the
study conducted by Schisterman et al.50 Therefore, our findings
do not support the use of aspirin in patients with RM.

Furthermore, in our study, no beneficial effect of
antithrombotic treatment was found either in RM patients
with or without thrombophilia or in patients with APS; however,
LMWH and UFH plus aspirin showed the greatest probability of
ranking the first option for RM patients with or without
thrombophilia and patients with APS, respectively. Whether

. LMWH¼ low molecular weight heparin, UFH¼unfractionated
the benefit of antithrombotic therapy does not exist or still not
be observed due to limited sample size is urgently needed to be
studied, which highlighted the need for large-scale RCTs.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Adverse Events Reported in Each Clinical Trial

Study Treatment No of Patients Adverse Events

Schleussner LMWH 232 28 vaginal hemorrhage
et al,20 2015 5 other hemorrhage

14 cervical incompetence/premature labor without birth
11 gastrointestinal problems
16 infection
15 miscellaneous

No treatment 217 33 vaginal hemorrhage
2 other hemorrhage
7 cervical incompetence/premature labor without birth
10 gastrointestinal problems
16 infection
18 miscellaneous

PREFIX, 2015 LMWH 138 7 congenital abnormality
2 blood transfusion
2 fall in hemoglobin level
11 bruising; 10 nosebleed
3 bleeding gums; 9 minor vaginal bleeding
1 severe skin reaction at the injection site
4 thrombocytopenia

Placebo 118 3 congenital abnormality
0 blood transfusion
2 fall in hemoglobin level
4 bruising
5 nosebleed
2 bleeding gums
6 minor vaginal bleeding
0 severe skin reaction at the injection site
3 thrombocytopenia

Giancotti et al,35 2012 Aspirin 56 —

LMWH 53
LMWHþ aspirin 58

Alalaf et al, 2012 Aspirin 61 —

LMWH 80 5 ecchymosis at the injection site
Martinelli et al,42 2012 LMWH 4 Cannot be abstracted

Medical surveillance 2
HABENOX, 2011 Aspirin 46 9 first trimester bleeding

4 second/third trimester bleeding
10 postpartum hemorrhage

LMWH 48 9 first trimester bleeding
1 second/third trimester bleeding
13 postpartum hemorrhage

LMWHþ aspirin 41 9 first trimester bleeding
4 second/third trimester bleeding
7 postpartum hemorrhage

Fouda et al,40 2011 UFHþ aspirin 30 3 subcutaneous bruises; 1 Skin allergy
LMWHþ aspirin 30 3 subcutaneous bruises

ALIFE, 2010 Aspirin 123 4 thrombocytopenia; 13 nosebleed; 61 bruising;
11 gastrointestinal problem; 1 hematuria;
20 bleeding gums

LMWHþ aspirin 120 10 nosebleed; 23 Bruising
8 gastrointestinal problem
1 hematuria
15 bleeding gums

Placebo 121 2 thrombocytopenia
11 nosebleed
14 bruising
11 gastrointestinal problem
23 bleeding gums

Medicine � Volume 94, Number 45, November 2015 Antithrombotic Treatment for Recurrent Miscarriage
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Study Treatment No of Patients Adverse Events

Scottish Pregnancy
Intervention, 2010

LMWHþ aspirin 147 45 antepartum hemorrhage/vaginal bleed

16 injection site/abdominal bruising
13 nosebleed;

6 other bleeding
3 postpartum hemorrhage
3 anemia
2 gastric upset

Intensive surveillance 147 31 antepartum hemorrhage/vaginal bleed
group 5 postpartum hemorrhage

1 anemia
1 low platelet count

HepASA, 2009 Aspirin 43 —

LMWHþ aspirin 45
Dendrinos et al,39 2007 Aspirin 31 —

LMWH 31
Fawzy et al,38 2008 LMWH 57 1 bleeding; 1 Thrombocytopenia

Placebo 50 —

Badawy et al,43 2008 LMWH 170 37 bleeding
6 thrombocytopenia
51 local skin reactions
4 thromboembolism

No treatment 170 Adverse events were only reported for patients in
LMWH group, not for patients in this group

Goel et al,11 2006 UFHþ aspirin 33 3 nosebleed
Aspirin 39 —

Dolitzky et al,14 2006 Aspirin 50 2 uterovaginal bleeding
LMWH 54 —

Farquharson et al,9 2002 Aspirin 47 —

LMWHþ aspirin 51
Pattison et al,41 2000 Aspirin 20 9 bleeding

Placebo 20 7 bleeding
Tulppala et al,13 1997 Aspirin 27 —

Placebo 27
Rai et al,10 1997 Aspirin 45 —

UFHþ aspirin 45

rin.

Zhang et al Medicine � Volume 94, Number 45, November 2015
LIMITATIONS
Our study has several limitations. First, moderate hetero-

geneity was seen in the comparison between LMWH plus
aspirin and aspirin alone. This may be due to variances in drug
doses, laboratory standardization (such as variety of thrombo-
philia evaluated, differences in cutoffs), and the inclusion
criteria of subjects (early or late pregnancy loss); however,
further stratification would not be feasible due to the limited
sample size, which might lead to insufficient statistical power.
Nonetheless, the comparison between the combination of
LMWH plus aspirin and aspirin alone was stable in traditional
meta-analysis and sensitivity analysis. Second, several com-
parisons showed small differences in sensitivity analyses (such
as LMWH plus aspirin vs aspirin in patients with or without
thrombophilia, UFH plus aspirin vs aspirin in APS patients).
Small sample size and the conservative nature of the Bayesian
hierarchical random-effects model may be responsible; how-
ever, credible intervals generally overlapped and there was no

LMWH¼ low molecular weight heparin, UFH¼ unfractionated hepa
significant inconsistency within the networks. Finally, we did
not carry out network analysis for the safety of treatments,
because of insufficient data and differences in reporting AEs

10 | www.md-journal.com
among studies; however, we summarized the AEs reported in
each study and parented in the form of table. Despite these
limitations, our analysis can guide clinical use of antithrombotic
therapies in the treatment of RM until large RCTs are reported.
Moreover, our study offers advice for investigators to perform
further research.

CONCLUSIONS
In conclusion, our analysis do not support combined use of

LMWH and aspirin in treating RM. Aspirin may have negative
effects in lowering the risk of pregnancy loss. Additionally, we
do not find benefit of antithrombotic treatments; however,
definite conclusions cannot be made due to limited sample size
and favorable trend toward heparin. Further studies are urgently
needed to evaluate effects and safety of antithrombotic therapy
for RM.
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