Accepted Manuscript

THE JOURNAL OF
ARTHROPLASTY

Bilateral Total Hip Arthroplasty: One-stage or Two-stage? A Meta-analysis

Hongyi Shao, MD, Chi-Lung Chen, MD, Mitchell G. Maltenfort, PhD, Camilo Restrepo,
MD, Richard H. Rothman, MD, PhD, Antonia F. Chen, MD, MBA

Pll: S0883-5403(16)30665-9
DOI: 10.1016/j.arth.2016.09.022
Reference: YARTH 55414

To appearin:  The Journal of Arthroplasty

Received Date: 3 February 2016
Revised Date: 15 September 2016
Accepted Date: 19 September 2016

Please cite this article as: Shao H, Chen C-L, Maltenfort MG, Restrepo C, Rothman RH, Chen AF,
Bilateral Total Hip Arthroplasty: One-stage or Two-stage? A Meta-analysis, The Journal of Arthroplasty
(2016), doi: 10.1016/j.arth.2016.09.022.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.arth.2016.09.022

Bilateral Total Hip Arthroplasty: Smultaneous or Staged? A Meta-Analysis

Hongyi Shao, MD; Chi-Lung Chen, MD; Mitchell G. Maltenfort, PhD; Camilo Restrepo, MD;
Richard H. Rothman, MD, PhD; AntoniaF. Chen, MD, MBA

All authors affiliated with the Rothman Institute at Thomas Jefferson University Hospitd,
Philadelphia, PA

Correspondenceto:

AntoniaF. Chen, MD, MBA

125 S. 9" st. 10" Floor

Philadel phia, PA 19107

Phone: (267) 339-7817

E-mail: research@rothmaninstitute.com



10
11
12
13
14
15
16
17
18
19
20
21
22
23

Bilateral Total Hip Arthroplasty: One-stage or Two-stage?
A Meta-analysis

Abstract
Introduction: Total hip arthroplasty (THA) is one of the mosteessful orthopaedic surgeries
performed in the last 50 years. However, contragsrstill exist between conducting one-stage
or two-stage bilateral THA.
Materials and Methods. Using Pubmed, Ovid, Embase and Cocharane libraigbdses, we
searched for papers written between January 199b Gutober 2015 that contained the

following search terms: “one-stage or two-stage™smultaneous or staged”, and “hip” and
“arthroplasty or replacement”. A meta-analysis waaducted with the collected pooled data
about major and minor systemic complications, saigtcomplications and other perioperative
data associated with one-stage and two-stage talafelA. Statistical analysis was performed
by the Mantel-Haenzel method, and the fixed effieatlel was used to analyze data.

Results: There were 13 studies with 17,762 patients whoeoment one-stage bilateral THA
and 46,147 patients who underwent two-stage badhfBHA. One-stage bilateral THA had a
lower risk of major systemic complications, lesepleyenous thrombosis (DVT), and shorter
operative time compared to two-stage bilateral THAere were no significant differences in
death, pulmonary embolism (PE), cardiovascular dmamjon, infections, minor complications,
and other surgical complications between procedures

Conclusion: One-stage bilateral THA was superior to two-stagéerms of major systemic
complication, DVT and surgical time compared to {stage bilateral THA. However, this

study does not encourage performing one-stagetoxmestage bilateral THAHigher evidence

level studies are necessary for further analysis.
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I ntroduction

Total hip arthroplasty (THA) is one of the most eegsful orthopaedic surgeries performed
during the last 50 years, as patients have repditgd satisfaction and improved activities of
daily living[1]. Most patients that undergo THAfRr from primary osteoarthritis, and
previous studies have demonstrated that patients waldergo unilateral THA may require a
contralateral procedure within 10 years[2,3]. Ctinds such as avascular necrosis, rheumatoid
arthritis, ankylosing spondylitis, and developmémntgsplasia can affect both hips and may
potentially require bilateral THA surgery. Howevgist because both hips are affected does not
necessarily indicate that bilateral THA surgerydse® be performed.

After Charnley et al[4] first reported performingesstage (simultaneous) bilateral THA in
1971, many papers focused on one-stage bilater@d[5-]. However, controversies still
exist regarding one-stage or two-stage (stagedteodl THA. The benefits of one-stage
bilateral THA include patients only undergo anesthence and have only one hospital stay,
which means shorter overall hospital length of $ta9S)[8,9] and cost reduction[10]. Some
studies advocate one-stage bilateral THA, as thaye hdemonstrated that the rates of
perioperative complications are similar between -stage bilateral THA and unilateral
THA[7,11]. On the other hand, other opposing stadhave found that one-stage bilateral
THA pose greater risks to patients, with increagadsfusions, greater adverse events, and
suboptimal functional outcomes[12,13].

In 2008, Tsiridis et al[14] did a previous systemawiew and meta-analysis of one-stage
versus two-stage bilateral THA. They only compatelbbmboembolic complications and
dislocation rates with the pooled data, since offagameters had significant heterogeneity, and
they found that there were no significant differesicbetween procedures. In 2010,
Haverkamp et al[15] also conducted a meta-analysiaparing one-stage versus two-stage
bilateral THA, but their meta-analysis only incladdes studies.  Additionally, both
meta-analyses lacked precision, as both of theindodateral THA patients, then doubled this
patient population when they underwent a second Tél&ount as two-stage bilateral THA

patients. This is compared to true two-stage b#hfEHA patients, who had planned THA at a
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set time interval. Additionally, these studies wemsducted greater than 5 years ago. Since
then, researchers have introduced new surgicahigebs and clinical protocols[16-19]. Thus,
there is a need for an updated meta-analysis cangpane-stage versus two-stage bilateral
THA to include more recent studies and a greaterlbar of outcomes.

Therefore, the purpose of this study was to conduaneta-analysis comparing the
differences between one-stage and two-stage l@laiétA in terms of mortality, pulmonary
embolism (PE), deep venous thrombosis (DVT), camBoular complications and systemic or
surgical complications, including infection, as Wwels, operative time, blood loss, and

transfusion rate.

Materials and Methods

A systemic review and meta-analysis was performs&dguthe method described by the
Cochrane Handbook[20] and reported with the PRISRIAEhecklist guidelines.
Search Strategy

Using Pubmed, Ovid, Embase and Cocharane libratgbeaes, studies were searched
between January 1995 and October 2015 that codtéieefollowing search terms: “one-stage
or two-stage” or “simultaneous or staged”, and *tapd “arthroplasty or replacement.” The
bibliographies of any relevant review and meta-gsial were also checked for potentially
eligible papers.
Eligibility Criteria

In order to be included in this study, the papexwawed had to meet the following criteria:
(1) patients had to undergo primary THA; (2) stsdieat compared one-stage bilateral versus
two-stage bilateral THA; and (3) reported resuitsluding any parameters of surgical time,
blood loss, transfusion, cost, hospital LOS, de&hk, DVT, cardiovascular complication,
pulmonary complication, any other systemic or stabicomplications. We excluded any
studies comparing bilateral to unilateral THA, sasdthat evaluated other hip replacement
surgeries, such as resurfacing or revision THA, stadiies that assumed that unilateral THA

performed twice were two-stage bilateral THA.
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Sudy selection and data extraction

Two orthopaedics surgeons independently screemnéiestby titles and abstracts to ensure
that they met the eligibility criteria. Subsequgrthe full text of each potential suitable study
was reviewed. If there was disagreement betweerethewers, a third orthopedic surgeon was
consulted to determine if the study should be itetu

Once the final studies were determined that mettieria, we extracted the study design,
the number of study subjects, demographic data émgegender), and time of publication.
Corresponding authors of each of the studies wenéacted to ask for additional and missing
data, but no additional information was obtained.

For determining the outcomes investigated in thedaranalysis, we examined parameters
that were evaluated when deciding to do a oneworstage bilateral THA. The decision of
which procedure to perform is often based on thaber of possible complications. Thus, our
primary objective was to compare major adverse dicatpns between one-stage and
two-stage bilateral THA. Major complications werefided as death, PE, DVT, cardiovascular
complications, pulmonary complications, gastricens; gastric bleeding and neurological
complications. These major complications were asparately analyzed between the two
procedures. The second objective was to compar@rnggstemic complications, surgical
complications and surgical related parameters katviiee two groups. Minor complications
were defined as all digestive complications exaggutric ulcers or bleeding, postoperative
urinary complications, anemia and other systemimplaations not included in major
complications.  We divided surgical complicationstoi infection and other surgical
complications besides infection, since infectiomrelates with prolonged surgical time [22].
We also compared surgical time, blood loss, trasisfurate, cost and hospital LOS.

Sudy quality

Since prospective randomized control trials, prospe cohort studies and retrospective
observational studies were all included, we useah@me Collaboration’s tool[20] for
prospective, randomized studies and the Newcadtier@ quality scale[23] for prospective

cohort studies and retrospective observational iestudo assess the risk of bias. The

4



108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

127

128

129

130
131

132
133

Newcastle-Ottawa Scale, which was used for nonemmzkd studies included in this
meta-analysis, is a quality assessment tool whéndi@ates the highest quality study based on
3 categories (selection, comparability and expdesuteome). Two orthopaedic surgeon
reviewers assessed the quality of eligible stuthdspendently, and if there was disagreement,
it was discussed with a third orthopaedic surgeon.
Satistical analysis

RevMan (Version 5.3. Copenhagen: The Nordic Coahfaenter, The Cochrane
Collaboration, 2012) was used to perform statisacsip<<0.05 was set as statistically
significant. We calculated the mean difference (M continuous data and odds ratio (OR)
for dichotomous data with 95% confidence interll) for each outcome. For studies that
reported continuous variables with ranges instéatamdard deviation (SD), we use the
Walter's method[24] to estimate SD with range datéhe meta-analysis was performed by
the Mantel-Haenzel method, and the fixed effect ehadhs used to analyze the data. We
usedy® and f to test the heterogeneity. >=0% indicates low heterogeneity, whife100%
indicates high heterogeneity.,#<<0.1 or F>>50%, then the studies were interpreted as
heterogeneous and the random-effects model waspteed to complete the meta-analysis.
Publication bias was assessed by funnel plots,iwikia scatter plot of treatment effect versus
an assessment of study error, where there was lmagif all publications fell within a

symmetric funnel, and higher bias if publicatioaB butside of the symmetric funnel.

Results
Sudy selection and characteristics
There were 689 relevant studies from our initidbdase search. After evaluating the

titles and abstracts, there were 27 full-text E§ic Among these studies, 14 were excluded,

leaving 13 studies for the meta-analy§igure 1 demonstrates the study selection flow.

Among these thirteen studies, 1 was a prospectwvelomized study, 1 was a prospective

cohort study, 7 were retrospective observationaliss, and 4 reported on registry or national
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data Tablel1). All studies involved 63,909 patients, of whith,762 patients underwent

one-stage bilateral THA and 46,147 patients undeiniveo-stage bilateral THA.
Methodological Quality of Included Sudies

Table 2 summarizes the quality assessment of studies. stidg was a randomized
control trial (RTC) with random sequence, allocatomncealment and blinding assessment.
Among the other twelve non-randomized studiessthdies had scores ranging from 5to 7
using the Newcastle-Ottawa Scale quality assessmditite score for selection, comparability
and exposure/outcome were 4, 2, and 2, respectaatithe qualities of these studies were

acceptable.
Complications

Major systemic postoperative complications wers lasone-stage bilateral THA
compared to two-stage bilateral THA based on 1dissu(OR = 0.53; 95% CI 0.36-0. 475
0.001; heterogeneity: Chil5.68, f= 36%,Figure 2), but there was no statistical difference
between the two groups with regards to cardiovasadmplications (OR = 0.81; 95% CI
0.40-1.64p = 0.56; heterogeneity: Chid.32, f= 0%, Table3). Four studies (59,480
patients) provided data on postoperative deathect® surgery. Of the 16,676 patients that
underwent one-stage THA, 21 patients died in 9G @dier surgery, the mortality rate was
0.13%. And of the 42,804 two-stage THA patients, pdtients died in 90 days after surgery,
the mortality rate was 0.3%. There was no sta#hi significant difference of mortality
between the two groups (OR = 0.75; 95% Cl 0.38-1p490.41; heterogeneity: Chi 4.25,
12= 29%).

With regards to thromboembolic events, there weves studies that evaluated PE (3,775
patients) and DVT (4,259 patients). There werelifferences between one-stage and
two-stage bilateral THA groups for developing PER(©1.08; 95% CI 0.47-2.48;= 0.86;

heterogeneity: Chi 2.74, f= 0%, Figure 3), but one-stage bilateral THA patients were less
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likely to develop a DVT compared to two-stage lafat THA patients (OR = 0.37; 95% ClI
0.16-0.85p = 0.02; heterogeneity: Chi 5.59, f= 0%, Figure 4).

There were 6 studies that provided data on minstegsyic complications, but there were
no significant differences between one-stage amdstage groups (OR = 1.22; 95% CI
0.61-2.46p = 0.57; heterogeneity: Chi 20.38, f= 75%,Table3). There were 4 studies that
provided data on infectious complications (includdeep and superficial infection), and the
pooled data showed a statistically higher infectate in one-stage versus two-stage bilateral
THA (OR = 2.17; 95% CI 1.27-3.7p;= 0.004; heterogeneity: Chi3.50, f= 14%). Of the
13 total studies, 8 studies evaluated other surgaraplications except infection, and the
pooled data showed no significant difference betntbe one-stage and two-stage groups (OR
=1.18; 95% CI 0.87-1.6J1 = 0.28; heterogeneity: Chi 9.86, f= 29%). The cumulative
operative time was shorter in one-stage than tagesbilateral THA groups (MD = -7.30; 95%
Cl -13.18-1.41p<<0.05, heterogeneity: Chi 5.65, f=47%). With regards to blood loss and
allogeneic transfusions (4 studies), there wersigiaificant differences between the one-stage
and two-stage bilateral THA groups (blood loss: MB2.75; 95% CI -277.65-363.1p= 0.79;
heterogeneity: Chi 58.82, f= 95%, allogeneic transfusions: MD = 0.17; 95% @98-1.33p
= 0.77; heterogeneity: Chi 203.20, 1= 99%), but the heterogeneity of minor systemic
complications, blood loss and transfusion studiesevhigh =75, 95 and 99%, respectively)

and should be interpreted carefully.
Publication bias

The funnel plot of studies for major systemic coicgdion indicates mild asymmetry,

suggesting moderate evidence of publication taguf e 5).
Discussion

Ever since Charnley first implemented one-stagatdyial THA, many studies have been
conducted to address the controversial risks andflie of one-stage bilateral THA compared

to two-stage bilateral THA. especially about comgtions and higher transfusion rates.
7
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Previous systematic reviews and meta-analysis[]4tliflies had small numbers of two-stage
bilateral THA studies included and do not includerenrecent studies. Thus, the purpose of
our study was to compare one-stage to two-stageeball THA with regards to major and

minor complications.

Our pooled data indicated that two-stage bilat€k group had more major
complications than the one-stage bilateral THA groithe report from Aghayev et al[17],
which included 1819 patients, indicated that twagstbilateral THA patients have a higher rate
of major systemic complications. Most studies ¢atie that one-stage bilateral THA patients
are often younger and have less preoperative caditels, but theoretically, patients that
undergo two-stage bilateral THAs experience apmnaxely twice the risk of a single
procedure[10,16,29]. Previous reports showed fierdnce in systemic complication
between one-stage bilateral THA and unilateral THA0]. If major systemic complications
accumulate with each successive surgery, theeiseeasonable that the complication rate is

higher for two-stage bilateral THA patients.

Within major complications, the mortality rate frdhre four pooled studies was not
different between groups. Our mortality rates wetle less than other studies, which have
estimated that the mortality rate is 0.3% and 0.88%wing the first 30 and 90 days,
respectively, after primary THA[31]. Recently pishled data using a national database with
more than a half million cases reported that tipatient primary THA mortality rate was
0.13%[32]. Older patients undergoing THA haveghkr mortality rate postoperatively
compared to younger patients[33,34]. Cardiovasadeplications and pulmonary
embolism are the most common reasons that THAmgataie postoperatively[35], but our data
demonstrated no difference in cardiovascular carapbins and pulmonary embolism between
one-stage and two-stage bilateral THA. Althoughtthio-stage bilateral THA patients were
older and possibly had higher comorbidities, orgstpatients had longer surgical time and
more blood loss. This could justify the lack dadtstical difference in mortality rate between

both groups.
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The risk of DVT did differ between groups. During@longed surgical procedure,
increased blood loss can induce Virchow’s triad gesdilt in venous thromboembolism
(VTE)[36]. However, some reports have showed ffieidince in the incidence of VTE
between one-stage bilateral THA and unilateral TEBAB7], as Babis et al[38] combined five
studies and found that the one-stage bilateral rbAip had a lower DVT incidence than
unilateral THA group, with no difference in the noen of PE. Similar to our study, Tsiridis
et al combined three studies and found no diffexdretween one-stage and two-stage bilateral
THA with regard to VTE [14]. However, Tsiridis at did not separate DVT from PE, and
this posed some limitations. When we separatedheupatient cohorts, we determined that
there were greater DVT in two-stage bilateral THA bo difference in PE. The higher DVT
rate in the two-stage bilateral THA group may heasalted from the following: 1) the
two-stage bilateral THA group underwent two proageguvhile one-stage group only
underwent one; and 2) two-stage THA patients mas tianited rehabilitation ability after the
first surgery because of pain in their contraldteia DVT and PE may have different results,

as previous studies have shown that PE and DVTheayrelated[39,40].

In our study, we found no statistical differencerimor systemic complications such as
postoperative anemia and urinary problems. HoweMéaro-Adrian et al[9] reported more
minor complications in the two-stage bilateral Tigloup, whereas Parvizi et al[8] and Eggli et
al[25] reported more minor complications in onegstailateral THA patients. The other

three included studies reported no difference betwbese two groups[17,18,26].

On the other hand, complications like infection evbigher in the one-stage bilateral THA
group compared to the two-stage group. Due tdirtigations in the studies included in the
meta-analysis, we grouped PJI and superficial satgifections (SSI) cases together. SSI
increase the duration of a patient’s hospital stay may lead to periprosthetic joint infection
(PJN[22]. One-stage bilateral THA cases have éorsgirgical times (for one procedure), but
lower operative time cumulatively. Pulido et al[4&ported that increased operative time and

allogenic blood transfusion are predisposing factor PJI, as allogenic transfusions can
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transmit infectious agents and modulate the imnmayséem to increase the risk of infection[42].
While the results of our study showed that thereew® differences in blood loss and
transfusion between these two groups, other stindies demonstrated different findings[9,26].
Surgical technique, hemostasis, tranexamic a@dsfusion criteria and the use of blood
saving devices can influence blood loss and transfil which possibly explains the variations

in our results.

Additionally, there were no differences in othergical complications such as neuropraxia,
dislocation or intraoperative fracture. A previousta-analysis also showed no difference in
dislocation between one-stage and two-stage kalaiétA [14], and the majority of these
complications arose due to surgical technique andhe difference between one- and

two-stage bilateral THA.

There were four studies that compared operative between one-stage and two-stage
bilateral THA, and our results demonstrated thadok less surgical time to complete
one-stage bilateral THA than the two-stage proe@duHowever, surgical time varies
depending on the surgical approach, patient’s jeosénd surgeon experience. With the
direct anterior approach, surgeons can begin ttensieprocedure while closing the wound
from the first procedure[43]. One-stage surgemnyth the patient’s exposure to anesthesia to
only one occasion. Although we could not incluitis tata in the meta-analysis, all evaluated
studies that reported LOS and cost indicated aehstay and lower cost in the one-stage
group compared to the two-stage bilateral THA. fdlend the same results as in the previous

systemic review [14].

Though thirteen studies were pooled and the methsis was conducted, there were still
some limitations in our analysis. First, we congoirprospective and retrospective studies
with registry data, as an ideal meta-analysis woulg contain prospective RCTs. However,
when the data was analyzed with the Mantel-Haeme¢hod, most of the results were found to
be homogeneous. Second, we did not subgroup &ge $tilateral THA patients based on the

time interval between each stage, and differeetrval times may have resulted in different
10
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outcomes. We attempted to subgroup studies byvaltéme of two-stage bilateral THA, but
due to the variability of interval times and thaty5 studies reported interval times, we could
not consolidate two-stage bilateral THAs at certame points. Third, most of the studies
included did not mention surgical approach, patpsition, and diagnostic criteria of
complications or transfusion criteria. Fourth,rthevas limited demographic data, and most
demographic variables such as comorbidities coatdba compared using a meta-analysis.
Last, there was moderate evidence of publicatias Bhd some of the parameters had high
heterogeneity. However we used random effect medhlif it had high heterogeneity. All of
these pose a potential bias risk for the meta-arsliput these factors could not be regulated

since they were not provided.

In summary, if patients have bilateral hip diseas®-stage bilateral THA has less major
complications, DVTs and decreased operative timsgtscand shorter hospital lengths of stay,
but increased infections compared to two-stagedsdh THA. However, this study does not
encourage performing one-stage over two-stageeblBTHA. Since there are risks and
benefits to both procedures, these potential caafpdins must be interpreted in light of each
individual patient’s needs and concerns. Furthaties are needed to provide higher quality

of evidence to evaluate the two procedures.
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Table 1:

Characteristics of the selected studies.

One-stage Bilateral THA

Two-stage Bilateral THA

Author (year) Study type Country Age Age
n Sex (M/F) (years) n Sex (M/F) (years)
(1996) Eggli[26] Prospective cohort Switzerland 64 26/38 54 191 108/83 61.3
(1998) Reuben[10] Retrospective cohort USA 7 4/3 49 8 17 57
(1999) Alfaro-Adrian[9] Retrospective cohort UK 95 40/55 65 107 42/65 63.9
(2006) Bhan[25] Randomized control trid India 83 54/29 46.6 85 51/34 43.4
(2006) Parvizi[8] Retrospective case control USA 98 53/45 53 98 46/52 65
(2007) Berend[12] Retrospective cohort USA 167 100/67 52.7 110 47/63 57.3
(2009) Hooper[16] Registry New Zealand | 303 61 743 61
(2010) Aghayev[17] Retrospective cohort Switzerland 247 116/131 59 1572 794/778 62.5
(2010) Saito[27] Retrospective case control Japan 49 6/43 59 40 4/36 61.9
(2011) Johnston[ 28] Retrospective cohort UK 68 26/42 61.5 526 208/318 66.5
(2013) Lindberg-Larsen[18] Registry Denmark 103 59/44 55.7 577 234/343 66.9
(2014) Rasouli[29] National database USA 14,798 584 | 1532 60.3
(2015) Garland[19] Registry Sweden 1,680 767/913 40558 | 16,356/24,202
Total 17,762 | 1,251/1,410 46147 | 17,891/25,981

THA=Total hip arthroplasty; n=number of patients; M=male; F=female; USA=United States of America; UK=United Kingdom.




Table 2:

Quality of selected studies

Random _ o Blinding
Study seguence Allocation BI|r_1d! ng of of Incomplete Selectivereporting |  Other bias
generation conceal ment participants | outcome | outcome data
assessment
(2006) Bhan[25] Yes ves (sealed Unclear Yes Yes Unclear Unclear
envelope)
Study Study type _ Ne\{vpastl e-Ottawa Scale
Selection | Comparability | Exposure/Outcome | Total score
(1996) Eqggli[26] Prospective cohort 3 2 2 7
(1998) Reuben[10] Retrospective cohort 3 1 1 5
(1999) Alfaro-Adrian[9] Retrospective cohort 3 1 2 6
(2006) Parvizi[8] Retrospective case control 3 1 2 6
(2007) Berend[12] Retrospective cohort 3 1 2 6
(2009) Hooper[16] Registry 3 1 2 6
(2010) Aghayev[17] Retrospective cohort 3 1 2 6
(2010) Saito[27] Retrospective case control 4 1 2 7
(2011) Johnston[28] Retrospective cohort 4 1 2 7
(2013) Lindberg-Larsen[18] Registry 4 1 2 7
(2014) Rasouli[29] National database 3 1 2 6
(2015) Garland[19] Registry 3 1 2 6




Table 3: Comparison of complications (major, minor, and surgical) and other parameters between one-stage and two-stage
bilateral THA.
_ _ Number of patients Overall effect Heterogeneity
Variables Studies | (One-stage/Two-stage) T3
Bilateral THA p-value MD/OR (95% CI) Chi 1 (%)
Cardiovascular complication 6 690/2630 0.56 0.81(0.40-1.64) 4.32 0
Death 4 16676/42804 0.41 0.75(0.38-1.49) 4.25 29
Minor complications 6 690/2,630 0.57 1.22 (0.61-2.46) 20.38 75
Infection 4 557/1,931 0.004* 2.17 (1.27-3.71) 3.50 14
Other surgical complication 8 876/3,208 0.28 1.18 (0.87-1.61) 9.86 29
Operative time 4 325/330 0.02* -7.30(-13.18t0 1.41) 5.65 47
42.75 (-277.65 to
Blood loss 4 325/330 0.79 363.15) 58.82 95
Transfusion 4 443/400 0.77 0.17 (-0.98 t0 1.33) 203.20 | 99

THA=Tota hip arthroplasty; MD=mean difference; OR=0dds ratio; Cl=confidence interval.

* dtatistically significant.




Figure Legend

Figurel: How diagram showing study selection for the meta-analysis.

Figure2: Forest plot showing the odds ratio and 95% CI for postoperative major
systemic complication.
M-H= Mantel-Haenszel; Cl=Confidence interval.

Figure3: Forest plot demonstrating the odds ratio and 95% CI for postoperative
pulmonary embolism.
M-H= Mantel-Haenszel; Cl=Confidence interval.

Figure4: Forest plot demonstrating the odds ratio and 95% CI for postoperative
deep vein thrombosis.
M-H= Mantel-Haenszel; Cl=Confidence interval.

Figure5: Funnel plot for major systemic complication, demonstrating evidence of
publication bias.
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One Stage Two Stage Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
(1996) Eggli[26] 3 64 12 191 6.7% 0.73 [0.20, 2.69] ——
(1999) Alfaro-Adrian[9] 5 95 5 107 5.2% 1.13 [0.32, 4.04] —
(2006) Bhan[25] 6 83 4 85 4.3% 1.58[0.43, 5.81] S
(2006) Parvizi[8] 4 98 7 98 7.9% 0.55 [0.16, 1.95] I
(2009) Hooper[16] 2 303 5 743 3.4% 0.98 [0.19, 5.08] .
(2010) Aghayev[17] 4 247 124 1572 38.8% 0.19 [0.07, 0.53] —
(2010) Saito[27] 3 49 0 40 0.6% 6.10[0.31, 121.60] >
(2011) Johnston[28] 0 68 8 526 2.3% 0.45 [0.03, 7.80]
(2013) Lindberg-Larsen[18] 0 103 25 577 9.1% 0.10 [0.01, 1.73] +
(2014) Rasouli[29] 15 14798 5 1532 10.6% 0.31[0.11, 0.85] _—
(2015) Garland[19] 5 1680 120 40588 11.1% 1.01[0.41, 2.47] e
Total (95% CI) 17588 46059 100.0%  0.53 [0.36, 0.77] <o
Total events 47 315

2 _ _ 2 L L L |
Heterogeneity: Chi* = 15.68, df = 10 (P = 0.11); I = 36% bo1 o 0 100

Test for overall effect: Z = 3.29 (P = 0.0010)
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One Stage Two Stage Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
(1996) Eggli[26] 2 64 5 191 23.0% 1.20 [0.23, 6.34] [
(1999) Alfaro-Adrian[9] 1 95 1 107 8.8% 1.13[0.07, 18.28]

(2006) Bhan[25] 1 83 0 85 4.6% 3.11[0.12, 77.42]

(2006) Parvizi[8] 1 98 0 98 4.7% 3.03[0.12, 75.31]

(2009) Hooper[16] 1 303 1 743 5.5% 2.46 [0.15, 39.41]

(2010) Aghayev[17] 1 247 19 1572 48.5% 0.33 [0.04, 2.49] I m m—
(2010) Saito[27] 1 49 0 40 5.0% 2.51[0.10, 63.18]

Total (95% CI) 939 2836 100.0% 1.08 [0.47, 2.48]

Total events 8 26

Heterogeneity: Chi® = 2.74, df = 6 (P = 0.84); I = 0% I

0.01 0.1 1 10 100
Test for overall effect: Z = 0.18 (P = 0.86) Favors One Stage Favors Two Stage



One Stage Two Stage Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
(1996) Eggli[26] 0 64 3 191 7.5% 0.42 [0.02, 8.19]
(1999) Alfaro-Adrian[9] 0 95 4 107 17.9% 0.12 [0.01, 2.27] + -
(2006) Bhan[25] 3 83 2 85 8.1% 1.56 [0.25, 9.56] I B
(2009) Hooper[16] 1 303 4 743 9.8% 0.61[0.07, 5.50]
(2010) Aghayev[17] 0 247 28 1572 33.0% 0.11[0.01, 1.80] L
(2010) Saito[27] 1 49 0 40 2.3% 2.51[0.10, 63.18]
(2013) Lindberg-Larsen[18] 0 103 16 577 21.3% 0.16 [0.01, 2.76] + =
Total (95% CI) 944 3315 100.0% 0.37 [0.16, 0.85] e
Total events 5 57

2 _ _ 2 f : : |
Heterogeneity: Chi* = 5.59, df = 6 (P = 0.47); I’ = 0% o1 o1 10 100

Test for overall effect: Z = 2.34 (P = 0.02)
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