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Abstract

Mantel-Haenszel method to perform the meta-analysis.

Functional outcomes

Background: Total hip arthroplasty is a common orthopedic surgery for treating primary or secondary hip osteo-
arthritis. Bilateral total hip replacement could be performed in a single stage or two separate stages. Each surgical
procedure’s reliability, safety, and complications have been reported controversially. This study aimed to review the
current evidence regarding the outcomes of simultaneous and staged bilateral total hip arthroplasty.

Methods: We conducted a meta-analysis using MEDLINE, EMBASE, Web of Science, and Scopus databases. Eligible
studies compared complications and related outcomes between simultaneous and staged bilateral THA. Two review-
ers independently screened initial search results, assessed methodological quality, and extracted data. We used the

Results: In our study, we included 29,551 patients undergoing simBTHA and 74,600 patients undergoing stgBTHA.
In favor of the simBTHA, a significant reduction in deep vein thrombosis (DVT) and systemic, local, and pulmonary
complications was documented. However, we evidenced an increased pulmonary embolism (PE) and periprosthetic
fracture risk in simBTHA. In the simBTHA, total blood loss, length of hospital stay, and total cost were lower.

Conclusion: This meta-analysis shows that simultaneous bilateral THA accompanies fewer complications and lower
total cost. Well-designed randomized controlled trials are needed to provide robust evidence.

Keywords: Total hip arthroplasty, Meta-analysis, Bilateral total hip replacement, Cost-benefit analysis, Complications,

Background

Total hip arthroplasty (THA) is one of the most com-
mon orthopedics surgeries. It is the preferred cost-effec-
tive treatment for osteoarthritis and other end-stage hip
abnormalities. Patients experience a significant improve-
ment in joint function as well as the quality of life follow-
ing THA [1]. Studies suggest a rising trend in the number
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of performed THAs during the last decade [2]. From
2000 to 2014, the number of annual performed THAs
increased by 105% in the USA. It is also projected that
by 2030, this number will increase by 71.2%, reaching
635,000 procedures per year [3]. Total hip replacement
also imposes a high economic burden on healthcare sys-
tems, with US hospitals bearing a staggering cost of $ 15
billion annually [4].

Patients scheduled for bilateral THA usually undergo
two different timing sets of surgeries: simultaneous
or staged. Simultaneous BTHA is performed in single
hospital admission and under the same anesthesia. On
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the other hand, staged BTHA is executed at separate
intervals in two hospitalizations and under two distinct
anesthesia [5]. In 1971, Charnley et al. introduced simul-
taneous THA for bilateral hip pathologies, a noteworthy
revolution in orthopedic science [5, 6]. Since then, there
has always been controversy over which method could
have better outcomes.

In 2016, Shao et al. conducted a systematic review
comparing simBTHA and stgBTHA. It was revealed
that surgery time, deep vein thrombosis (DVT), and
major systemic complications were significantly lower in
simBTHA compared to stgBTHA [7]. In 2019, another
systematic investigation performed by Huang et al. also
demonstrated lower rates of DVT, pulmonary embolism
(PE), and respiratory complications in simBTHA [8].

There is still debate concerning this critical issue, and
many original studies have been conducted since the
last published systematic review. Previous reviews have
focused on systemic and surgical complications, blood
loss, operation time, and mortality as their primary out-
comes. Essential factors such as readmission, revision,
hip joint function, and cost have been considered less.
Thus, a thorough review of the available data is required
to identify the best way to perform bilateral THAs. The
forthcoming systematic review aims to make a more
comprehensive and accurate comparison between simul-
taneous and staged BTHA with a higher sample size and
additional related outcomes.

Method

The protocol of this study was registered on PROSPERO
(CRD42022310240). We followed the Cochrane guide-
lines for meta-analysis during the process [9]. Our study
phases were based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines [10]. The PRISMA checklist is presented in Addi-
tional file 1.

Search strategy

We searched the electronic databases MEDLINE, Web
of Science (WOS), Embase, and Scopus for relevant arti-
cles in any published language; the last updating search
was performed on February 15, 2022. The keywords are
exhibited in Additional file 2. In addition, we explored
the reference part of the articles that fulfilled our eligibil-
ity criteria. We also used the “related articles” feature in
PubMed to avoid probable missing.

Eligibility criteria

PICOS categories (population, intervention, compara-
tor, outcomes, and study design) were applied to define
our inclusion criteria. We included studies only if they
were executed to compare mortality, complications,
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costs, or other possible outcomes between simBTHA
and stgBTHA. Eligible study designs were randomized
controlled trials (RCTs), non-randomized clinical trials,
prospective and retrospective cohort studies, and case—
control investigations. We did not impose any restric-
tions on the length of follow-up and year of publication.
Exclusion criteria were reviews, research letters, con-
ference abstracts, non-English articles, duplicate publi-
cations, irrelevant articles, non-human models, studies
comparing simBTHA to unilateral THA, and resurfac-
ing or revision surgery.

Systemic complications were defined as cardiovas-
cular, pulmonary, gastrointestinal, urologic, and neu-
rologic complications, hypotension, anemia, DVT, and
PE. Notably, we did not include PE in the pulmonary
complications in the meantime of analysis. Local com-
plications in our study were defined as wound infection,
decubitus ulcer, hematoma, dehiscence, neurapraxia,
vascular injury, accidental laceration or puncture,
chronic soft tissue pain, neuroma, wound drainage,
superficial infection, and ectopic ossification.

Data extraction

We imported all the studies into Rayyan online tool
[11] in order to screen conveniently. After resolving
duplicates, two researchers (AR, AS) completed an
initial independent review to determine if the stud-
ies met the inclusion criteria hinged upon the title and
abstract. Then, the two prior reviewers (AR, AS) evalu-
ated each in the full-text screening phase. In case of any
discrepancy, a third reviewer (AG) became involved
and resolved it.

We prepared an electronic spreadsheet according to the
Cochrane’s template for data extraction of intervention
reviews. Two separate reviewers fulfilled the data extrac-
tion (AR, AG). We acquired the following data from the
studies: first author’s name, publication year, country,
study design, the sample size, mean age, gender, mean
body mass index (BMI), American Society of Anesthe-
siology (ASA) classification, the interval between stages,
duration of follow-up, primary and secondary outcomes
including mortality, DVT, PE, fracture, dislocation, deep
infection, any other complications, revision, readmission,
operation time, blood loss, blood transfusion, length of
hospital stay (LOS), hospital cost, and functional meas-
ures. Raw data were reviewed by another researcher (AS)
to settle any disagreement. We also tried to contact the
corresponding authors of the included articles regarding
raw data or missing information. Patients with an ASA
score of 1 or 2 were categorized as ‘low risk, and patients
with an ASA score of 3 or 4 were categorized as ‘high
risk’ [12].
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Methodology assessment

To assess the quality of each study, we employed the
Newcastle-Ottawa Scale (NOS) for observational and
non-randomized investigations. Briefly, the NOS evalu-
ates a study according to three main characteristics:
selection of groups, comparability, and outcome assess-
ment [13]. We judged the quality of included studies
according to the previous classification described in
a meta-analysis by Simunovic et al. [14]. Studies with a
score>6 were categorized as high quality. Those with a
score of 5 or 6 were classified as medium quality. Articles
scored less than 5 were assigned as a low-quality study.
Concerning randomized clinical trials (RCTs), we uti-
lized the Cochrane Collaboration tool to assess the risk
of bias. Two reviewers (AR, AS) independently assessed
each study’s quality. Disagreements were determined by
consensus or involvement of the corresponding author
(SHS).

Statistical analysis

We performed meta-analysis using the Comprehensive
Meta-Analysis software (Biostat, Englewood, NJ, USA,
Version 3.3) if three or more studies reported a particu-
lar outcome. For dichotomous variables, odds ratios
(ORs) were calculated and pooled for all investigations.
Meta-analysis of dichotomous variables was committed
through the Mantel-Haenszel (MH) method, with 95%
confidence intervals (CI). Meta-analysis of continuous
data was performed by applying the mean and standard
deviation of outcome measures with 95% confidence
intervals (CI). For studies that reported only data ranges
without standard deviations, we calculated SDs using
the formula suggested by Walter & Yao [15]. A p value
less than 0.05 was considered statistically significant.
We analyzed heterogeneity among the studies using the
P test [16]. *>50% with a p value <0.05 suggested high
heterogeneity. A fixed-effects model was utilized if low
statistical heterogeneity among the studies was discov-
ered (I <50%). A random-effects model was used if high
heterogeneity became proven. We also detected poten-
tial publication bias by using Begg’s funnel plots and the
Egger test [17].

Results

Search results

After deleting duplications, we identified 5324 poten-
tially relevant titles from the mentioned databases.
Based on the titles and abstracts, 5236 publications were
excluded. Full texts of 88 remaining publications were
screened. Finally, in this systematic review, 38 studies,
including 104,151 patients (29,551 simBTHA and 74,600
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stgBTHA), were entered into the quantitative analysis. A
flowchart summarizing the selection process is provided
in Fig. 1.

Study characteristics

Among the 38 included studies, 2 studies [18, 19], includ-
ing 348 patients, were RCTs and 36 studies were non-
RCTs [20-55]. The baseline characteristics of the articles
are displayed in Table 1. Studies were in the English lan-
guage and were published from 1978 to 2022. The dura-
tion of follow-up was at least 3 months. The sample size
of included studies ranged from 15 to 42,238. The mean
age of participants was 57.6 years for simBTHA and
63.2 years for stgBTHA. The male-to-female ratio was
1:1.29. Raw data for ASA classification were reported in
14 studies [18, 19, 24, 25, 33-35, 37, 41, 42, 45-47, 49].
Regarding ASA score, 13% and 18% of patients in simB-
THA and stgBTHA were considered high risk (ASA 3 or
4), respectively (Table 1).

Quality assessment

Randomization methods, outcome assessment blind-
ing, incomplete outcome data, and selective data report-
ing were low risk for both RCTs. Although the allocation
method was not reported in one RCT, all other included
studies were observational, comprising one prospective
cohort, seven registries, nineteen retrospective cohorts,
and nine retrospective case controls. The risk-of-bias
assessment results for both randomized and observa-
tional studies are summarized in Table 2.

Mortality and complications

Pooled analysis of 11 studies on DVT (OR=0.639,
p=0.044, Fig. 2a), 12 studies on pulmonary complica-
tions (OR=0.533, p<0.001, Fig. 2c), 14 studies on sys-
temic complications (OR=0.803, p=0.048, Fig. 3a),
and 16 studies on local complications (OR=0.736,
p<0.00, Fig. 3b) exhibited that these complications are
lower in simBTHA. However, PE, reported in 12 stud-
ies (OR=1.925, p<0.001, Fig. 2b), and periprosthetic
fracture, reported in 13 studies (OR=1.306, p=0.049,
Fig. 4b), were higher in simBTHA. 90-day mortality,
reported in eight studies (OR=1.101, p=0.815, Fig. 5),
periprosthetic joint infection, reported in nine studies
(OR=1.112, p=0.508, Fig. 4a), and dislocation, reported
in 14 studies (OR=0.760, p=0.153, Fig. 4c), were similar
between the two groups (Table 3).

Perioperative and postoperative relevant outcomes

The overall effect of included studies demonstrated
that simBTHA was lower in terms of length of stay
(MD=-4.777, p<0.001, Fig. 6) (26 studies), operation
cost (USD) (MD = —2464, p<0.001, Fig. 7c) (11 studies),
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Fig. 1 PRISMA flowchart showing identification, screening, and inclusion of studies for review

and blood loss (MD=—254.785, p<0.001, Fig. 7a) (12
studies). Pooled data of nine studies showed that the
simBTHA group experiences a mean 1.37 point improve-
ment over the stgBTHA group in postoperative Har-
ris Hip Score (HHS) (MD=1.370, p=0.006, Fig. 8a).

There was no significant difference in the revision rate
(OR=1.033, p=0.572, Fig. 9a) (ten studies), readmis-
sion rate (OR=0.997, p=0.980, Fig. 9b) (six studies),
blood transfusion rate (MD=0.114, p=0.286, Fig. 7b)
(12 studies), and postoperative limb length discrepancy
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Table 2 Quality assessment of the eligible studies
Author Year Study type  Random Allocation Blinding of Blindingof Incomplete Selective Other bias
sequence concealment participants outcome outcome reporting
generation and assessment
personnel
Bhan et al. 2006 Randomized  Yes Unclear Unclear Yes Yes No bias
clinical trial
Taheriazam etal. 2019 Randomized  Yes Yes Unclear Yes Unclear No bias
clinical trial
Newcastle-Ottawa Scale (NOS)
Selection Comparability Exposure/Outcome Total score
Agarwal et al. 2016 Retrospective cohort 3 1 6
Aghayev et al. 2010 Registry 3 1 6
Alfaro-Adridn 1999 Retrospective cohort 3 1 2 6
etal.
Berend et al. 2007 Retrospective cohort 3 1 2 6
Brown et al. 2017 Retrospective cohort 3 2 1 6
Calabro et al. 2020 Registry 3 2 2 7
Egglietal. 1995 Prospective cohort 3 2 2 7
Garland et al. 2015 Registry 3 1 2 6
Goh et al. 2022 Retrospective cohort 3 1 1 5
Guo et al. 2020 Retrospective cohort 3 1 2 6
Hooper et al. 2009 Registry 3 1 2 6
Hou et al. 2021 Retrospective case 3 1 2 6
control
Houdek et al. 2017 Retrospective case 3 1 2 6
control
Inoue et al. 2021 Retrospective cohort 3 1 1 5
Johnston et al. 2011 Retrospective cohort 4 1 2 7
Kamath et al. 2016 Retrospective cohort 4 2 2 8
Kim et al. 2017 Retrospective cohort 3 2 2 7
Lindberg-Larsen 2013 Registry 4 1 2 7
etal.
Lorenze et al. 1998 Retrospective case 3 1 1 5
control
Martin et al. 2016 Retrospective case 4 1 0 5
control
Mou et al. 2021 Retrospective cohort 4 1
Panchal et al. 2021 Retrospective case 3 2
control
Partridge et al. 2019 Registry 3 2 7
Parvizi et al. 2006 Retrospective case 3 1 6
control
Poultsides et al. 2017 Retrospective cohort 3 2 1 6
Quadri et al. 2015 Retrospective cohort 3 2 2 7
Rasouli et al. 2014 National database 3 1 2 6
Reuben et al. 1998 Retrospective case 3 1 1 5
control
Saito et al. 2010 Retrospective case 4 1 2 7
control
Salvati et al. 1978 Retrospective cohort 3 1 1 5
Schlegelmilch 2017 Retrospective case 3 1 1 5
etal. control
Seol et al. 2015 Retrospective cohort 3 1 1 5
Shih et al. 1985 Retrospective cohort 2 1 2 5
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Newcastle-Ottawa Scale (NOS)

Selection Comparability Exposure/Outcome Total score
Tan etal. 2019 Retrospective cohort 3 2 1
Triantafyllopoulos 2016 Retrospective cohort 3 1 2
etal.
Villa et al. 2019 Retrospective cohort 4 1 2 7

(LLD) (MD=-0.391, p=0.312, Fig. 8b) (seven studies)
(Tables 4 and 5).

Systematic review of heterogeneous data

Based on 12 studies [18-20, 24, 25, 29, 34, 37, 38, 41, 42,
54], the mean operation time was 171.4 min for simB-
THA and 191.4 min for stgBTHA. Cumulative opera-
tion time for both surgeries in stgBTHA was longer
than simBTHA operation time in all studies except the
study by Kim et al. [42]. Although postoperative West-
ern Ontario and McMaster Universities Arthritis Index
(WOMAC) scores were reported to be similar between
the two groups [35], two studies reported significantly
higher scores of Oxford Hip Scores [56] or EuroQoL-5D
index [42] in simBTHA compared to stgBTHA. In con-
trast, another study by Kamath et al. [37] stated no sta-
tistical difference between the two groups in mentioned
functional outcomes. Functional recovery was faster in
simBTHA, as walking without support started earlier
[36] and walking capacity was better postoperatively [21,
28]. Rates of home-discharged patients for stgBTHA
were higher in all studies [25, 26, 40, 41, 43, 49, 54].

For 90-day mortality, systemic complications, opera-
tion cost, LOS, blood loss, blood transfusion rate, HHS,
LLD, and high heterogeneity existed between studies (I*
ranged from 59.909 to 99.729%). Begg’s funnel plots are
shown in Additional file 3.

Discussion

SimBTHA has continued to attract attention since
Charnley first introduced this type of orthopedic surgery.
Many studies comparing simBTHA and stgBTHA have
been conducted since then but, due to small sample size
or other undetermined possible reasons, failed to obtain a
definite conclusion. We conducted a comprehensive sys-
tematic review and meta-analysis of 38 comparative stud-
ies enrolling 104,151 patients. Findings of this updated
meta-analysis generally concur and further extend that of
previous reviews on the topic, providing several relevant
results that have not been previously addressed.

Mortality and complications

The combined 90-day mortality rate was 0.22% for simB-
THA and 1.57% for stgBTHA. Nonetheless, the 90-day
mortality analysis failed to show any significant differ-
ence between the two groups. Since most included arti-
cles were retrospective studies, we should interpret the
present results with caution. Previous studies have also
posed no significant difference in mortality rate between
the two groups (7, 32, 33, 48, 57].

Periprosthetic joint infection (PJI), as an uncommon
complication of THA [58], can incur costs for the patient
and healthcare system [59]. PJI can also lead to secondary
surgery and even death [60]. No significant difference was
observed regarding the PJI rate between the two groups.
However, our results contrast with the previous review
[7], which indicated a significantly higher infection rate
in one-stage versus two-stage. Shao et al. [7] computed
the risk in the cumulative number of superficial and deep
infection cases, so their effect on subsequent procedures
on hospitalization might be diverse. The overall PJI rate
was 0.91% in the simBTHA group and 0.87% in the stg-
BTHA group. The overall PJI rate for both groups was
higher than in previous studies [39, 61].

We investigated periprosthetic fracture between the
two groups, and contrary to previous studies [5, 7, 41,
51], the incidence of fracture in simBTHA was higher
than in stgBTHA. The unanticipated increased fracture
risk in simBTHA can be attributed to the cemented or
cementless fixation [62] and operation time in a single
surgery. As in the previous meta-analyses [5, 7, 63], no
clinically significant difference was seen in the occur-
rence of dislocation between the two groups in our study.

We found a significantly lower risk of DVT in simB-
THA compared to stgBTHA. This finding is consist-
ent with previous studies [7, 8]. Lower activity levels in
stgBTHA due to pain in the contralateral hip can jus-
tify the elevated risk of DVT in stgBTHA [64]. Despite
simBTHA patients having an associated lower risk of
DVT, we observed an increased risk of PE in simB-
THA compared to stgBTHA. Still, other investiga-
tions revealed no difference [5, 7, 57] or an elevated
risk of PE in StgBTHA [8] PE, consuming a huge part
of medical resources [65], can yield in-hospital and
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Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit limit ZValue p-Value Sim Stg
Eggli 0417 0021 8192 -0575 0565 0/64 37191 1
Aghayev 0.109 0007 1.799 -1.549 0121 0/247 28/1572 L
Lindberg?Larsen 0164 0.010 2762 -1254 0210 0/103 16/577 &
Taheriazam 1.000 0062 16238 0000 1.000 1/90 1/90
a) Tan 0590 0118 2944 -0644 0520 3/432 3/256 —_—
Saito 2505 0.099 63.183 0558 0577 1/49 0/40
Lorenze 1.000 0.060 16.562 0.000 1.000 1/40 1740
Bhan 1556 0253 9560 0478 0633 3/83 2/85
Hooper 0612 0068 5496 -0439 0661 1/303 4/743
Alfaro-Adrian 0120 0.006 2266 -1414 0157 0/95  4/107
Guo 0911 0497 1668 -0.303 0.762 42/863 15/282
0639 0413 0987 -2.019 0.044 52/2369 77 /3983
OR =0.639; 95%Cl:0.413 —0.987; p = 0.044 0.01 0.1 1 10 100
Heterogeneity: =0, p=0.737 Favours one stage Favours two stage
Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit limit Z\Value p-Value Sim Stg
Eggli 1200 0227 6342 0.215 0.830 2/64 57191 -—
Aghayev 0332 0044 2493 -1.072 0.284 1/247 19/1572 -
Poultsides 1378 0638 2976 0.815 0415 16/1946 11/1839 —il—
Saito 2505 0099 63.183 0.558 0.577  1/49 0/40
Parvizi 3.031 0122 75313 0.676 0493 1/98 0/98
b) Johnston 0445 0025 7.800 -0.554 0.580 0/68 8/526
Bhan 3109 0125 77416 0.692 0489 1/83 0/85
Villa 0460 0022 9727 -0.499 0.618 0/61 2/143
Partridge 3495 2216 5514 5.382 0.000 35/2507 40/9915 L =
Hooper 2457 0153 39.408 0.635 0.525 1/303 1/743
Alfaro-Adrian 1128 0070 18.280 0.085 0933 1/95 17107
Guo 0325 0046 2319 1121 0.262 2/863 2/282
1925 1369 2707 3.767 0.000 61/6384 89/15541 &
OR =1.925; 95%Cl: 1.369 — 2.707; p<0.001 0.01 0.1 1 10 100
Heterogeneity: 2= 30.762%, p= 0.145 Favours one stage Favours two stage
Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit  limit ZValue p-Value Sim Stg
Eggli 0.984  0.040 24469 -0.010 0992 0/64 17193
o) Aghayev 0161  0.010 2674 -1.274 0203 0/247 19/1572 3
Poultsides 0552 0368 0829 -2.861 0.004 38/1946 64 /1839 -.-
Pamvizi 0.242 0.027 2208 -1.258 0.209 1/98 4798
Bhan 0337 0.014 8399 -0.663 0.508 0/83 1/85
Guo 0688 0294 1612 -0.860 0.390 17/863 ©8/282 —a
0533 0375 0757 -3.516 0.000 56/3301 97/4067 ’
OR =0.533; 95%Cl:0.375 — 0.757; p<0.001 0.01 0.1 1 10 100

Heterogeneity: 12 =0, p = 0.879

Favours one stage Favours two stage

Fig. 2 Forest plot of a DVT, b PE, and ¢ pulmonary complications. M-H, Mantel-Haenszel; OR, odds ratio; 95% Cl, 95% confidence interval
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Study name Statistics for each study

MH odds Lower Upper

Events / Total

MH odds ratio and 95% CI

OR =0.736; 95%Cl:0.619 — 0.874; p<0.001

Heterogeneity: 12 =36.982%, p = 0.069

ratio limit limit Z-Value p-Value Sim Stg
Eggli 1484 0716 3.076 1061 0289 13 /64 28 /191
Aghayev 0594 0387 0910 -2390 0017 26/247 260 /1572 -
Poultsides 0656 0553 0777 4862 0000 279/1946 374/1839 [ |
Taheriazam 1.000 0.062 16.238 0.000 1.000 1/90 1/90
Tan 0988 0234 4167 -0.017 0986 517432 37256
Lorenze 1.000 0.060 16.562 0.000 1.000 1/40 1/40
Houdek 1.000 0138 7.251 0.000 1.000 2/94 2/94
Rasouli 0965 0863 1078 -0636 0525 4923/14798 522/1532
a) Parvizi 0316 0151 0664 -3.044 0002 12798 30/98 ——
Bhan 2012 0708 5718 1311 0190 11/83 6/85 -+
Villa 0626 0331 1182 -1445 0148 19761 60 /143 —a
Hooper 0981 0189 5083 -0.023 0982 2 /303 51743 —_—
Alfaro-Adrian 1318 0745 2332 0947 0344 39/95 377107
Guo 0717 0500 1028 -1808 0071 118/863 51/282 {
0803 0646 0998 -1978 0048 5451/19214 1380/7072
0.01 0.1 1 10 100
OR =0.803; 95%Cl: 0.646 —0.998; p = 0.048 Favours one stage Favours two stage
Heterogeneity: 12 =59.909%, p = 0.002
Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit  limit Z-Value p-Value Sim Stg
SHIH 1985 0236 0009 6207 -0866 0387 0/20 1/15
Eqggli 1685 0876 3242 1562 0118 18/64 36 /191 1
Aghayev 0734 0470 1147 1357 0175 247247 201/1572 —
Kamath 1658 0263 10462 0538 0591 3 21744
Poultsides 0809 0272 2413 -0379 0704 6/1946 7/1839 —_—
Taheriazam 5113 0242 108.013 1.048 0294 2/90 0/90
Tan 1783 0185 17234 0500 0617 3/432 1/256
b) Mou 1125 0175 7243 0124 0901 KRN 3/12
Lorenze 1.000 0060 16.562 0.000 1.000 1/40 1/40
Houdek 0503 0219 1156 -1619 0106 10/94 18 /94 —_—
Rasouli 0639 0511 0799 -3.931 0.000 600/14798 95/ 1532 [ ]
Johnston 4047 1185 13818 2231 0026 4768 8/526 —_—
Bhan 1384 0300 6382 0417 0677 4783 3/85 —_—
Agarwal 1800 0288 11248 0629 0530 3/48 21756
Alfaro-Adrian 0528 0.204 1370 1312 0190 7795 14 /107 —_—
Guo 0.384 0164 0898 -2209 0027 12/863 10 / 282 —_—
0736 0619 0874 -3493 0.000 700/18940 402/ 6741 4

Fig. 3 Forest plot of a systemic complications and b local complications. M-H, Mantel-Haenszel; OR, odds ratio; 95% Cl, 95% confidence interval

0.01 0.1 1 10 100

Favours one stage Favours two stage

post-discharge mortality [66]. A large-scale data regis-
try study by partridge et al. [48] suggested that simB-
THA is associated with a greater risk of developing PE.
This study included more than half of our study popu-
lation and maybe has shifted the results toward itself.
However, the quality of this study was high and might
not have imposed bias on the results. We should con-
sider that pharmacological thromboprophylaxis can

reduce thromboembolic events [67], and many risk fac-
tors affect PE incidence [68].

The stgBTHA was associated with a higher risk for
postoperative pulmonary complications. Malcolm et al.
also reported a 1.42% respiratory complication rate for
THA, similar to the simBTHA group in our study [69].
In our study, the pulmonary complications rate in simB-
THA and stgBTHA was 1.69% and 2.38%, respectively.
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Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit  limit Z-Value p-Value Sim Stg
Triantafyllopoulos 1270 0573 2812 0589 0556 9/1808 19/4842 —I-I—
Kim 0.184 0009 3918 -1.084 0278 0/63 2/60
Calabro 0.870 0555 1364 -0.608 0543 24/2779 95/9580 i-
Houdek 1.000 0197 5086 0000 1.000 3/94 3/94 _—
a) Seol 0.195 0.017 2195 -1.323 0.186 1/147 2/59
Bhan 2074 0184 23.320 0.591 0555 2/83 1/85
Agarwal 1170 0.071 19.225 0110 0912 1/48 1/56
Hooper 2706 1320 65545 2719 0.007 16/303 15/743 —-—
Guo 0.980 0.102 9461 -0.017 0986 3/863 1/282
1112 0812 1.521 0.662 0.508 59/6188 139 /15801 ’
OR =1.112; 95%Cl: 0.812 — 1.521; p = 0.508 0.01 0.1 1 10 100
Favours one stage Favours two stage
Heterogeneity: 12 = 25.594%, p = 0.216
Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit limit Z-Value p-Value Sim Stg
SHIH 1985 2385 0.091 62702 0521 0602 1/20 0/15
Eqggli 2124 0937 4815 1804 0071 11/64 17 /191 e
Aghayev 1182 0682 2051 0596 0551 16/247 87/1572 =
Lindberg?Larsen 1122 0130 9699 0104 0917 1/103 5/577
b) Kim 1429 0506 4035 0673 0501 10/63 71760 —t—
Calabro 1237 0834 1.834 1.057 0.291 34/2779 95/9580 L 3
Mou 3571 0131 97228 0755 0450 1/M 0/12
Lorenze 1.000 0060 16.562 0.000 1.000 1/40 1/40
Houdek 0847 0274 2623 -0287 0774 6/94 7794 e
Bhan 1024 0063 16.652 0.017 0986 1/83 1/85
Villa 0772 0031 19226 -0157 0875 0/61 1/143
Agarwal 1170 0071 19225 0110 0912 1/48 1/56
Alfaro-Adrian 5749 0273 121262 1124 0261 2/95 0/107
1.306 1.001 1702 1971 0.049 85/3708 222/12532 L 4
OR =1.306; 95%Cl: 1.001 - 1.702; p = 0.04 0.01 0.1 1 10 100
Heterogeneity: I2 = 0.000, p = 0.988 Favours one stage Favours two stage
Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit  limit Z-Value p-Value Sim Stg
SHIH 1985 2385 0.091 62702 0521 0602 1/20 0/15
Eggli 1500 0134 16824 0329 0742 1/64 2719
c) Aghayev 1.601 0.531 4828 0835 0404 4/247 16/1572 -1
Quadri 0.394 0023 6.777 -0642 0521 1/34 1/14
Calabro 0.377 0.196 0724 -2925 0.003 10/2779 91/9580 -
Mou 3571 0131 97228 075 0450 1/ 11 0/12
Lorenze 3076 0122 77796 0682 0495 1/40 0/40
Houdek 1.264 0.329 4862 0341 0733 5/94 4794 —_—
Seol 1218 0049 30336 0120 0904 1/147 0/59
Johnston 1.871 0611 5734 1097 0273 4/68 17 / 526 -T—
Bhan 0.337 0.014 8399 -0663 0508 0/83 1/85
Berend 6.083 0324 114105 1207 0227 4/167 0/110
Alfaro-Adrian 2308 0413 12893 0953 0341 4/95 2/107
Guo 0.108 0.011 1.041 -1.925 0.054 1/863 3/282
0.760 0.521 1.109 1424 0154 3874712 137 /12687 q’
OR =0.760; 95%Cl: 0.521 - 1.109; p = 0.153 0.01 0.1 1 10 100

Favours one stage Favours two stage

Fig. 4 Forest plot of a periprosthetic joint infection, b periprosthetic fracture, and c dislocation. M-H, Mantel-Haenszel; OR, odds ratio; 95% Cl, 95%

confidence interval
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Events / Total

Study name Statistics for each study
MH odds Lower Upper

ratio limit limit Z-Value p-Value Sim
Lindberg?Larsen 1.112 0.053 23.331 0.068 0845 0/103
Poultsides 2.837 0.115 69674 0.638 0.523 1/1%48
Calabro 2.070 0.484 3865 0.985 0.318  3/277%
Panchal 0.327 0.013 8212 -0.679 0.497 0/54
Rasouli 0.310 0112 0.854 -2.265 0.023 15/147%8
Garland 0614 0.414  0.508 -2.438 0.015 258/1680
Partridge 3.967 1.645 9541 3.077 0.002 10/2507
Hooper 0.815 0.033 20.074 -0.125 0.801 0/303
Alfaro-Adrian 3.413 0137 84777 0.743 0.454 1195

1.101 0.482 2483 0.234 0.815 58/24285

OR =1.101; 95%Cl: 0.492 — 2.463; p = 0.815
Heterogeneity: 12 = 62.550%, p = 0.006
Fig.5 Forest plot of 90-day mortality. M-H, Mantel-Haenszel; OR, odds ratio; 95% Cl, 95% confidence interval

MH odds ratio and 95% CI

Stg
21877 b
0/1839 -
579580 =

1/54 L
5/1532
1013 / 40558

10/9915
11743 &
0/107 -

1037 / 64905

0.01 0.1 1 10 100

Favours one stage Favours two stage

On the other hand, a higher risk of systemic and local
complications in the stgBTHA was evidenced. Similar
results were reported by Aghayev et al. [28]. Poultsides
et al. [43] and Guo et al. [47] also presented that the rate
of systemic complications in simBTHA was lower than in
stgBTHA.

Other outcomes

Combining the results of 10 studies revealed no signifi-
cant differences in revision rate between the simBTHA
and stgBTHA. Our findings are compatible with the pre-
vious study [46] published on this topic. Another study by
Garland et al. [33] indicated a slightly higher risk of revi-
sion for stgBTHA. There were no significant differences
among simBTHA and stgBTHA concerning readmission
rates in keeping with previous studies [41, 47, 48].

Our research shows that simBTHA is superior to stg-
BTHA in terms of cumulative operation time, hospital
cost, and LOS. The simBTHA surgery is performed in
one session, while the stgBTHA surgery is performed in
two sessions. Undergoing two operations, which obvi-
ously has a longer cumulative operation time, means a
more extended anesthesia period which is correlated with
increased risk of infection [70], venous thromboembo-
lism (VTE) [71], neurologic deficit [72], revision, intraop-
erative blood loss, transfusion, and other critical adverse
events [73, 74]. Operation time is a potentially modifi-
able risk factor that engages surgeons and healthcare
systems interested in quality improvement. Sodhi et al.

[75] saw that operation time is significantly associated
with LOS, and LOS has also been a major driver of cost
in THA [76]. Mean LOS for simBTHA was 4.8 days less
than stgBTHA, which can justify more costs and compli-
cations in stgBTHA. However, operation time is varied
by various factors such as operating technique, surgery
approach, general or epidural anesthesia, patient’s demo-
graphics, and surgeon’s experience. Although almost all
studies demonstrated a lower cost, and LOS in simB-
THA, researchers utilized various methods to calculate
these data. Therefore, high heterogeneity was observed in
the pooled data.

The aggregate results of our study indicated that simB-
THA outperformed stgBTHA in reducing perioperative
total blood loss. Previous studies also showed a higher
cumulative blood loss in stgBTHA compared to simB-
THA [5, 18, 24]. Interestingly, in this meta-analysis,
despite a lower total blood loss in simBTHA, analysis of
transfusion units did not show any significant difference
between the two groups. It should be taken into account
that indications for blood transfusion in different stud-
ies were not the same. Another reason for similar rates
of blood transfusion could be the interval between two
operations in stgBTHA that provides enough time for
hematopoiesis. In a retrospective study [39], comparing
infection rates after THA, blood transfusion has found to
be a powerful risk factor for PJI, and patients who under-
went simBTHA had a higher blood transfusion rate than
stgBTHA. In contrast, another study by Parvizi et al. [25]
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value

SHIH 1885 -5.400 2.881 8.28% -15.045 -3.754 -3.263 0.001 —.—
Eggli -5.600 0.994 0983 -7.548 -3652 -5634  0.000 L
Lindberg?Larsen -0.500 1.237 1530 -2924 1924 -0.404 0686 —-
Quadri -11.500 1.206 1.453 -13.883 -9.137  -9.540  0.000 -
Kamath -4.000 1.041 1.084 5040 -1.980 -3.843 0.000 -
Triantafyllepoulos -2.500 0.075 0.008 -3.047 -2753 -38.658 0.000 ||
Brown -2.700 0.803 0545 -4274 1128 -3.362 0.001 E 3
Kim -3.200 1.327 1762 -10.802 -5.5%8 5178 0.000 -
Taheriazam -4.500 0181 0.033 -5255 -4545 -27.019 0.000 .
Tan -3.400 0.427 0182 -4237 -2.583 -7.983 0.000 ]
Saito -21.000 2114 4458 -25143 -18.857 -9.935 0.000 pe—
Lorenze -5.000 0.985 0931 -7.881 -4108 -5.218 0.000 -
Houdek -1.300 0.450 0.240 -2260 -0.340 -2.853 0.008 [ |
Seol -10.700 1.328 1764 -13.303 -8.097  -8.057  0.000 -
Parvizi -3.780 1.063 1131 -5.264 -1.6%6 -3.555 0.000 -
Bhan -2.750 0.230 0.053 -3200 -2.300 -11.981 0.000 [ |
Berend -1.700 0.205 0.042 -2102 -1.2%8 -8.250 0.000 .
Martin -0.280 0.255 0.085 -0.780 0.220 -1.09% 0272 1
Villa 0.810 0.163 0.025 0.481 1.129 49281 0.000
Agarwal -3.400 0.180 0.032 -3752 -3.048 -18.828 0.000 [ |
Partridge -1.500 0.025 0.001 -1.54% -1.451 -50.058 0.000 ||
Inoue -1.000 0.143 0.021 1281 -0.719 -5.973 0.000 [ |
Alfaro-Adrian -5.000 1.195 1.431 -8344 -3658 -5.018 0.000 -
Reuben -5.900 0.785 0817 -843% -5351 -8.785 0.000 E
Guo -5.000 0.085 0.007 -5187 -8.833 -105.388 0.000 | ]
Hou -5.000 0122 0.015 -£523% -5781 -45.154 0.000 [ |

-4.777 0.815 0.378 -5.881 -3.572 -7.770 0.000 <>

-20.00 -10.00 0.00 10.00 20.00

MD: -4.777; 95%Cl: -5.981 to -3.572; p<0.001 Favours one stage Favours two stage
Heterogeneity: 12 = 99.729%, p<0.001
Fig. 6 Forest plot of LOS. MD, mean difference; 95% Cl, 95% confidence interval

revealed that the cumulative blood transfusion was lower
in simBTHA compared with stgBTHA. As higher blood
loss is accompanied by more need for blood transfusion
in which itself is associated with a higher risk for infec-
tion [77], immunosuppression [78], and even death [79],
blood loss stands as a significant concern in major ortho-
pedic surgeries [80].

Although the pooled results of analysis favored simB-
THA in terms of the postoperative HHS, but a 1.37 point
improvement is not clinically significant based on the
prior evidence [81]. Kim et al. [42] found that the mean
postoperative HHS was significantly higher in simB-
THA than in stgBTHA, and they mentioned that bet-
ter functional outcomes in simBTHA could be because
of the accuracy of surgery, earlier starting rehabilitation
for both operated hips, and reduced time lost from work
in a simultaneous procedure. The diversity of functional
outcome measure types did not allow us concluding pre-
cisely regarding hip joint function. Using a comprehen-
sive and unified tool that includes important items for

hip joint function evaluation can help us decide more
precisely which type of surgery is appropriate for specific
situation.

Concomitant to our results, several studies have exhib-
ited no difference in LLD between simBTHA and stg-
BTHA [36, 37, 40]. However, LLD can yield patient
dissatisfaction after THA [82]. It also has been indi-
cated that LLD can worsen functional outcomes such as
Oxford Hip Score [83].

The strength points of this meta-analysis comprise
peer-reviewed comparative studies and a rigorous assess-
ment of the methodological quality of the currently avail-
able data. This study enhanced the power to compare the
clinical outcomes of simBTHA and stgBTHA through
more excellent details. With respect to the previous
meta-analysis [8], we used explicit exclusion and inclu-
sion criteria. We also utilized a robust search strategy
spanned multiple databases, yielding 38 published stud-
ies on the topic, twice the number of included studies in
the previous meta-analysis.
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Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
SHIH 1885 -208.000 100111 10022.218 -404.214  -11.788 -2.078 0.038 i
Kamath -204.400 102.415 10488.886  -405.130 -3.670 -1.598 0.045 )
Kim -108.000 77.301 5975.377  -259.506 43.508 -1.397 0.182 —.——
Taheriazam -26.000 41382 1712500  -107.108 55.108 -0.628 0.530
Saito -1.000 108.089 11800.427  -214311 212811 -0.008 0.993 i
Lorenze -565.000 45805 2098125  -554.777 -475.223 12335 0.000 .—
a) Seol -51.600 54794 3002412  -158.995 55.795 -0.942 0.345 ——
Parvizi -70.000 65.375  4273.933  -188.133 58.133 -1.071 0.284 —
Bhan -523.200 77770 8048222 575827 -370.773 -5.728 0.000 <l—
salvati -874.000 89.79%  8063.853 -1050.003 -887.997 -8.733 0.000
Agarwal -160.000 20.243 434431 -200.852 -119.148 -7.676 0.000 .-
Alfaro-Adrian -283.000 86943  7559.088  -453.405 -112.585 -3.255 0.001
-254.785 65118 4371734  -384376 -125.194 -3.853 0.000 t
MD=-254.785; 95%Cl: -384.376 —-125.194; p<0.001 -600.00 -300.00 0.00 300.00 600.00
Heterogeneity: 12=93.727; p<0.001 Favours one stage Favours two stage
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Quadri -1.100 0.561 0315 -2.200 -0.000 -1.960 0.050 -—I—L
Triantafyllopoulos 0.100 0.032 0.001 0.037 0.183 3.091 0.002
Taheriazam -0.800 0.260 0.068 -1.310  -0.280 -3.073 0.002 —i—
Mou 2.230 1.276 1.827 -0.270 4730 1.748 0.080 L
Houdek 0.100 0.199 0.040  -0.290 0.480 0.502 0.616 -
Seol 1.120 0.386 0.149 0.354 1.876 2.904 0.004 —a—
b) Parvizi -0.850 0.398 0158  -1.631 -0.069 -2.133 0.033 ——
Bhan 0.590 0.150 0.022 0.297 0.883 3.945 0.000 L 3
Berend 0.400 0.122 0.015 0.181 0.639 3.284 0.001 B
Agarwal -0.600 0.262 0.068 -1.113  -0.087 -2.292 0.022 ——
Alfaro-Adrian 1.200 0.297 0.088 0617 1.783 4.038 0.000 ——
Guo 0.000 0.054 0.003 -0.105 0.105 0.000 1.000
0.114 0.108 0.012  -0.087 0.326 1.060 0.289 ‘
-4.00 -2.00 0.00 2.00 4.00
MD=0.114; 95%Cl: -0.097 to 0.326; p=0.286
Favours one stage Favours two stage
Heterogeneity: 12=84.948, p<0.001
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit ZValue p-Value
Kim -2202.000 635.702 409218.122 -2555.782 -10485.208 -2.589 0.000 +
Tan -40.000 389.588 159870.788 -B23.179 742179 -0.100 0.220
Mou -722.000 424988 189195481 -1574518 120.518 -1.880 0.087
Geh -2457.000 83.6825 €952.081 -2820.901 -2292.0%%2 -28.281 0.000 .
Lorenze -8212.000 987.041 974280.000 -10252.565 -8284.425 -5.428 0.000 —l—
C) Seol -1227.000 208.826  42818.281 -2332.567 -1521.422 -8.212 0.000 .
Martin -1712.820 198.860 238545337 -2102.579 -1224.081 -8.818 0.000 .
Schlegelmilch -4408.000 76.173 £802.266 -4557.295 -4288.705 -57.86% 0.000 .
Alfarc-Adrian -1200.000 114207 12042.218 -21232.842 -1676.158 -18.628 0.000 .
Reuben -4327.000 1561.408 243780949868 -7297.202 -1276.897 -2.778 0.005 —_—t—
Hou -1828.000 128.146  1€8421.401 -1890.162 -1287.838 -12.790 0.000 .
-2484.930 432,872 192487.472 -3327.122 -1802.856  -5.804 0.000 .
MD: -2464; 95%Cl: -3327 to -1602; p<0.001 -10000.00  -5000.00 0.00 5000.00 10000.00

Heterogeneity: |12 = 98.679%, p<0.001

Fig. 7 Forest plot of a total blood loss, b blood transfusion need, and ¢ total cost. MD, mean difference; 95% Cl, 95% confidence interval

Favours one stage Favours two stage
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Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Aghayev 3.200 0.197 0.039 2813 3587  16.206 0.000 E )
Kim 5.200 1.205 1.451 2.839 7.581 4317 0.000
Taheriazam 1.500 0.455 0207 0608 2391 3.299 0.001 ——
a) Mou 0.600 1.008 1.018 -1.375 2.575 0.595 0.552 B
Saito 0.500 0.734 0538 -0.938  1.938 0.881 0.496 —H—
Parvizi 2.000 0.429 0.184 1160  2.840 4887 0.000 —
Johnston -3.300 1.869 3492 6963 0383  -1.786 0.077 -
Bhan -1.500 0.853 0.728 -3.172 0172 -1.758 0.079 L
Agarwal 1.500 0.226 0.051 1058  1.942 6648 0.000 L B
1.370 0.501 0.251 0.388 2.352 2734 0.008 *
MD=1.370; 95%Cl: 0.388 to 2.352; p=0.006 -5.00 -2.50 0.00 2.50 5.00
Heterogeneity: 12=89.19%, p<0.001 Favours two stage Favours one stage
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Eggli 0.000 0.218 0.048 -0.427 0.427 0.000 1.000
Kamath -0.200 0.380 0144  -0944 (0544  -0.527 0.598
b) Brown -0.300 0.878 0.787 -2.017 1.417 -0.343 0.732 L
Kim -2.200 0.479 0.228 -3.138 -1.282 -4.598 0.000 +
Mou 0.300 1.483 2138 -2.567 3.187 0.205 0.837 L
Bhan -0.200 0.695 0.423 -2.162 0.552 -1.151 0.250 B
Agarwal 1.000 0.645 0.418 -0.264 2.264 1.550 0121 B
-0.3%1 0.387 0.150 -1.150 0.358 -1.010 0.312 *
MD: -0.391; 95%CI: -1.150 to 0.368; p = 0.312 -4.00 -2.00 0.00 2.00 4.00
Heterogeneity: 12 = 73.254%, p<0.001 Favours one stage  Favours two stage
Fig. 8 Forest plot of a postoperative HHS and b postoperative LLD. MD, mean difference; 95% Cl, 95% confidence interval

Our study has several potential limitations. First, due to
the limited number of RCTs, we included non-RCTs, too.
As we know, retrospective studies vary in terms of qual-
ity, making our study susceptible to bias and confound-
ing. Second, we also excluded non-English studies, which
may cause language bias in our research. Third, lacking
a specific definition for some outcomes like operation
time and variety of measurements may bias our find-
ings. Fourth, most of the studies did not report outcomes
according to surgical approach, method of anesthesia,
use of antibiotics and thrombosis prophylaxis, primary
diagnosis, and demographic data. Although our goal was
not to compare these data, they could have influenced
the accuracy of our results. Fifth, some studies did not

contain raw data for pooled analyses. Although we tried
to contact the authors, we could not get these data. Sixth,
each study’s criteria for blood transfusion were different
or not mentioned. Seventh, the number of participants
varied considerably among the included studies, rang-
ing from 15 to 42,238. Eighth, National registry data
studies have some missing information about patients
and these studies may also underestimate complications
rates which could have influenced the final result. Ninth,
follow-up periods were heterogeneous among stud-
ies. Tenth, HHS measurements were done at different
times, which might have biased our results. At last, we
combined different complications to obtain two catego-
ries: systemic and local. However, some studies avoided
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Study name Statistics for each study Events / Total MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit  limit Z-Value p-Value Sim Stg

Quadri 0130 0005 3404 -1224 0221 0/34 1/14

Kim 0459 0081 2604 -0879 0379 2/63 4760
a) Tan 0592 0.037 9500 -0371 0711 1/432 1/256

Calabro 0827 0675 1.013 -1836 0066 121/2779 500/ 9580 [ |

Houdek 0501 0191 1319 -1399 0162 7/94 13794 —_—

Parvizi 0139 0007 2717 -1302 0193 0/98 3/98

Johnston 0966 0119 7848 -0032 0974 1/68 8 /526

Bhan 1025 0201 5230 0030 0976 3/83 3/85 I e—

Garland 1214 1055 1396 2714 0007 240/1680 4897 /40558

Alfaro-Adrian 0794 0243 2589 0383 0702 5/95 70107

1033 0922 1157 0565 0572 380/5426 5437 /51378

OR =1.033; 95%Cl: 0.922 - 1.157; p = 0.572 0.01 0.1 1 10 100

Heterogeneity: 12 =44.947%, p = 0.060 Favours one stage Favours two stage

Study name Statistics for each study Events / Total MH odds ratio and 95% CI

MH odds Lower Upper
ratio limit limit Z-Value p-Value Sim Stg

Lindberg?Larsen 0.326 0.077  1.382 -1.521 0128 2/103 33/577

Houdek 0.558 0.231 1.345 -1.289 0.194 9/94 15794 —_—

Johnston 0.832 0.450  1.505 -0.608 0543 16/88 142 /526
b) Berend g.2M 1188 71.381 2123 0.034 137187 17110 —

Partridge 1.101 0.814 1.489 0.623 0.533 55/2507 198/9%915

Guo 0.914 0326  2.558 -0.172 0.863 14/863 57282

0.997 0.785 1.268 -0.026 0.980 109/3802 394/11504

OR =0.997; 95%Cl:0.785 — 1.266; p =0.980 0.01 0.1 1 10 100

Heterogeneity: 12 = 46.168%, p = 0.098 Favours one stage Favours two stage
Fig. 9 Forest plot of a revision and b readmission. MD, mean difference; 95% Cl, 95% confidence interval

reporting complications separately, so they put together
all of them without paying attention to the different
severity, which limits the conclusion’s reliability.

Conclusion

Taken together, this meta-analysis demonstrated that
simultaneous and staged THA have similar 90-day mor-
tality, dislocation, and PJI rates. A statically significant
risk reduction was identified in DVT, pulmonary, sys-
temic, and local complications in the simBTHA group.
Interestingly, stgBTHA is more promising in terms of

PE and fracture rate. The present study also revealed
that simBTHA is associated with lower total blood loss,
length of stay, and total surgery cost. Reduced length of
hospital stay and total surgery cost as essential advantages
of simBTHA compared to stgBTHA may attract health-
care providers’ and policy-makers’ attention. After all,
simBTHA remains noninferior to the stgBTHA in most
postoperative outcomes. Anyhow, we recommend that
well-designed randomized controlled trials should be
conducted to elucidate the advantages of each surgery in
order to help surgeons choose the proper surgical method
hinged on their point of view and patient’s benefits.
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Table 5 Postoperative important outcomes reported in each included study

Author Year Simultaneous bilateral THA Staged bilateral THA

Revision (n) Readmission Postoperative Postoperative Revision Readmission Postoperative Postoperative

(n) LLD (mm) HHS (n) (n) LLD (mm) HHS

Agarwal etal. 2016 - - 10+3.0 923+12 - - 9435 90.8+1.1
Aghayevetal. 2010 - - - 942+£20 - - - 91+£30
Alfaro-Adridn 1999 5 - - - 7 — _ _
etal.
Berend et al. 2007 - 13 - - - 1 _ _
Bhan et al. 2006 3 - 45+44 82450 3 - 53146 835+60
Brown et al. 2017 - - 35427 - - - 38430 -
Calabroetal. 2020 121 - - - 500 - - _
Egglietal. 1995 - - 22+18 - - - 22+14 -
Garlandetal. 2015 240 - - - 4897 - - -
Goh etal. 2022 - - - - - - - -
Guo et al. 2020 - 14 _ _ _ 5 _ _
Hooperetal. 2009 - - - - - - - _
Hou et al. 2021 - - - - - - - _
Houdeketal. 2017 7 9 - - 13 15 - _
Inoue et al. 2021 - - - - - - - _
Johnstonetal. 2011 1 16 - 7894103 8 142 - 822+134
Kamathetal. 2016 - - 1.1£18 - - - 13+£17 -
Kim et al. 2017 2 - 21+£20 959+438 4 - 43432 90.7£8.2
Lindberg-Larsen 2013 - 2 - - - 33 - -
etal.
Lorenzeetal. 1998 - - - - - - - _
Martin et al. 2016 - - - - - - - -
Mou et al. 2021 - - 48439 84+£238 - - 45431 834+£20
Panchaletal. 2021 - - - - - - - _
Partridge etal. 2019 - 55 - - - 198 - -
Parvizi et al. 2006 0 - - 91430 3 - - 89430
Poultsides etal. 2017 - - - - - - . _
Quadri et al. 2015 0 - - - 1 - _ _
Rasouli et al. 2014 - - - - - - - _
Reubenetal. 1998 - - - - - - - _
Saito et al. 2010 - - - 878440 _ _ _ 873426
Salvati et al. 1978 - - - - - - - _
Schlegelmilch 2017 - - - - - - - _
etal.
Seol et al. 2015 - - - 9.4 - - - 948
Shih etal. 1985 - - - - - - - -
Taheriazam etal. 2019 0 - - 84.14£30 0 - - 82.643.1
Tan et al. 2019 1 - - - 1 - - _
Triantafyllopou- 2016 - - - - - - - _
los et al.
Villa et al. 2019 - - - - - - - _

THA total hip arthroplasty, HHS Harris hip score, LLD leg length discrepancy, n number
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