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Thereis gtill controversy regarding clinical outcomes following primary hip arthroplasty after solid organ trans-
plantation (SOT). The aim of this study was to determine whether clinical outcomes after hip arthroplasty differ
between previous SOT recipients and control subjects with no history of undergoing SOT. We conducted a sys-
tematic search of MEDLINE, Embase, and the Cochrane Library for studies comparing the clinica outcomes
after hip arthroplasty following SOT published up to January 5, 2022. A comparison of medical and surgery-
related complications, as well as the readmission rate and 90-day mortality rate between previous SOT recipients
and control subjects was performed. Subgroup anayses of the SOT types, liver transplantation (LT) and kidney
transplantation (KT), were dso performed. Ten studies that included 3,631,861 cases of primary hip arthroplasty
were included; among these, 14,996 patients had previousy undergone SOT and 3,616,865 patients had not.
Significantly higher incidences of cardiac complications, pneumonia, and acute kidney injury were observed in
the SOT group compared with the control group. Regarding surgical complications, a higher transfusion rate was
observed in the SOT group. The readmission rate and 90-day mortaity rate were aso significantly higher in the
SOT group. A sgnificantly higher incidence of deep vein thrombosis was observed in the KT subgroup com-
pared with the control group. A higher risk of medical and surgical complicetions, as well as higher readmission
and mortality rates after hip arthroplasty was observed for previous SOT recipients compared to patients with no
history of SOT.
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INTRODUCTION

With the continuing improvement of surviva rates among
s0lid organ transplantation (SOT) recipients, patients are liv-
ing longer, and the demand for hip joint arthroplasty pro-
cedures is increasing due to the development of age-relat-
ed osteoarthritis (OA), hip fractures, or immunosuppres-
sive medication-induced osteonecross of the femora head
(ONFH)*2.

Clinical outcomes following primary hip arthroplasty
after various types of SOT have been investigated in sev-
era published studies. However, different outcomes have
been reported, with significant variation in terms of sam-
ple size, making it difficult for surgeons to draw conclu-
sions. Indeed, some studies have reported significantly
higher postoperative complications after hip arthroplasty
among patients in the SOT recipients group compared with
control subjects*. In contrast, other studies reported that
there were no differencesin dlinica outcomes after hip arthro-
plasty between SOT and control groups®®. Furthermore,
most of these studies were limited by small sample sizes,
limited follow-up time, or even included patients who under-
went total joint arthroplasty (TJA) before SOT.

Most recently, one meta-analysis examining the compli-
cation profiles after total hip and knee arthroplasty among
liver transplantation (LT) recipients has been reported”.
The authors reported that previous LT recipients had an
increased risk of postoperative infection, revision/reoper-
ation, short-term mortality, and medical complications fol-
lowing hip and knee arthroplasty compared with control
subjects. However, the analysis only included LT; in addi-
tion, it was asngle-arm analyss, thus thereis grester poten-
tia for bias compared with double-arm studies that make
direct comparisons.

Therefore, in this systematic review and meta-analysis,
our aim was to determine whether clinical outcomes after
hip arthroplasty differ between SOT recipients and control
subjects, with a particular focus on medical complications,
surgical complications, readmission rate, and short-term
mortality. An overall SOT group, as well as subgroups of
patients who underwent different types of SOT, were includ-
ed in our double-arm analyses.

MATERIALS AND METHODS
This systematic review and meta-analysis were conduct-

ed in accordance with the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guide-
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lines*?. While this analysis involved human participants,
al data were based on previously published studies and
were analyzed anonymousdy without any potential harm to
the participants; therefore, both ethical approva and acqui-
sition of informed consent from participants were not
required.

1. Literature Search

In compliance with the referenced guiddines, a search of
MEDLINE, Embase, and the Cochrane Library was conduct-
ed in order to identify studies examining clinical outcomes
after hip arthroplasty following SOT. Articles published up
to January 5, 2022, were identified using an a priori search
strategy. Search terms included synonyms and terms related
to hip arthroplasty and SOT. The full search strategies and
resultsfor dl databases are shown in Appendix 1. Therewere
no restrictions on language or year of publication. After the
initia electronic search, a manual search for relevant arti-
cles and their bibliographies was conducted.

2. Study Selection

From the titles and abstracts of the studies, articles for
full-text review were sdected independently by two board-
certified orthopedic surgeons, who were faculty members
at an academic medical center. If the abstract provided insuf-
ficient datafor making a decision, areview of the entire arti-
clewas performed. The following inclusion criteriawere
used: (1) study: directly compared clinical outcomes after
hip arthroplasties between SOT recipients and control sub-
jects (double-arm study); (2) population: patients who under-
went hip arthroplasty; (3) intervention: SOT; (4) control sub-
jects: patients who did not undergo SOT before hip arthro-
plasty; (5) outcomes. medica complications, surgery-relat-
ed complications, readmission rate, and mortality rate. Only
original research articles were included. Studies that (1)
examined non-SOT (i.e., bone marrow transplantation);
(2) examined revision hip arthroplasty; (3) included patients
in the control group who had the same underlying disease
asthat which led to SOT among patients in the intervention
group (i.e., kidney transplantation [KT] group vs didysis
group, with patients who have underlying chronic kidney
disease in both groups); (4) did not divide each surgery
type, including hip arthroplasty; (5) did not report results
that alowed usto obtain or cdculate comparative data; and
(6) were duplicates from the same study group.

The «-value was calculated in order to determine inter-
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reviewer agreement regarding study selection at each stage
of article selection. Agreement between reviewers was cor-
related a priori with «#-values as follows: =1 correspond-
ed to “perfect” agreement, 1.0>«>0.8 to “amost perfect”
agreement, 0.8>«>0.6 to “substantial” agreement, 0.6>«>
0.4 to “moderate” agreement, 0.4>«>0.2 to “fair” agree-
ment, and «<0.2 to “slight” agreement. Disagreements at
each stage were resolved by discussion between the two
investigators in order to reach consensus, or by discussion
with athird investigator, who was a board-certified ortho-
pedic surgeon, when a consensus could not be reached.

3. Data Extraction

For synthesis of the qualitative data, the following infor-
mation and variables were extracted using a standardized
form: (1) study design, (2) the country in which the study
was conducted, (3) number of patientsin each group, (4)
mean age of patients, (5) follow-up duration, (6) type of
SOT, (7) type of hip arthroplasty (total hip replacement or
hemiarthroplasty), (8) reason for hip arthroplasty, and (9)
the outcomes investigated.

For synthesis of the quantitative data, we only performed
ametaandysis of variables for which datafrom three or more
trials could be extracted. The following data were extract-
ed from the included studies for the SOT and control groups:
(2) medica complications: cardiac complications, pneumo-
nia, pulmonary thromboembolism (PTE), deep vein throm-
bosis (DVT), and acute kidney injury (AKI); (2) surgery-
related complications. transfusion rate, prosthetic joint infec-
tion (PJI), didocation (D/L) rate, aseptic loosening, and rate
of revision surgery for any reasons; and (3) the readmission
rate and 90-day mortality rate. A meta-analysis was per-
formed for overdl SOT; subgroup andyses of the SOT types,
LT and KT, were aso performed.

4. Risk-of-Bias Assessment

An assessment of the methodologica quality of theinclud-
ed studies was performed using the MINORS (methodol og-
ical index for non-randomized studies)'?, a validated tool
for assessing the quality of non-randomized studies. The
MINORS checklist, which includes methodological items
for non-randomized studies (16 points) and additional cri-
teriain the case of comparative study (8 points) was used.
The maximum MINORS checklist score for comparative
studies was 24 points. The quality assessments were per-
formed by two independent reviewers. Discussions were
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conducted for resolution of disagreements.
5. Data Synthesis and Statistical Analyses

The main outcomes of this meta-analysis were the med-
ical and surgical complications, readmission rate, and mor-
tality rate after hip arthroplasty between the SOT group and
the control group. Odds ratios (ORs) and 95% confidence
intervals (Cls) were cdculated for al comparisons of dichoto-
mous data. Heterogeneity was assessed using the 12 statis-
tic, considering 25%, 50%, and 75% as low, moderate, and
high heterogeneity, respectively. Forest plots were used in
presenting the outcomes, pooled estimates of effects, and
overdl summary effect of each study. The value for statis-
tical significance was set at P<0.05. To avoid overestima-
tion of the study results, particularly in the medicd field, dl
data were pooled using a previously recommended ran-
dom-effects model™. The fixed-effects model starts with
the assumption that the true effect sizeissimilar indl includ-
ed studies, thus we believed that the random-effects model
is generally a more plausible match for use in the current
study. A test for publication bias was not performed because
evaluations for publication bias are recommended only
when at least 10 studies are included in a meta-anaysis?.
The Review Manager (RevMan), version 5.3 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen,
Denmark) was used in performance of dl satisticd andyses.

RESULTS
1. Article Identification

A summary of the details regarding processes for identifi-
cation and sdlection of articlesisshown in Fig. 1. Theinitia
search of electronic literature yielded 1,053 articles. After
removal before screening as duplicates, ineligible records
following an automated tool, and inappropriate research
articles, the remaining 598 articles were screened. No addi-
tiona publications were identified by manual searching.
Of these, articles were excluded after screening their titles,
abstracts, and full-text reviews. Thus, 10 articles’**® were
eligible for qualitative and quantitative data syntheses.
Regarding study sdlection, the agreement between the two
reviewers was amost perfect at the title review and abstract
review stages (¥=0.814 and «=0.849, respectively) aswell
asthe full-text review stage («=1.0).
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Fig. 1. New 2020 PRISMA (Preferred Reporting ltems for Systematic reviews and Meta-Analyses) flow diagram for identifica-

tion and selection of studies included in the meta-analysis.
2. Study Characteristics

All 10 artidles**# reported on retrospective studies; propen-
sty score-matched analyses were performed in sevent*152
of these studies. A total of 3,631,861 patients who under-
went hip arthroplasty, including 14,996 patients who had
previously undergone SOT and 3,616,865 patients who
had not undergone SOT, were analyzed in these studies.
Six studies were conducted in the United States, and the
other four studies were conducted in Asian countries. Mean
ages of patients ranged between 44 and 69.4 years, and
the minimum duration of follow-up was two years. SOT
types varied among the included studies. Half of the stud-
ies>3141620 exgmined several SOT types (e.g., kidney, liver,
lung, heart, pancreas), two studies®*® examined KT only,
two studies®*® examined LT only, and one study*” exam-
ined KT and LT only. All studies included participants
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who underwent primary totd hip arthroplasty (THA), and
one study® also included patients who underwent bipolar
hemiarthroplasty. Descriptions of the outcomes of interest
for each study, along with additional details, are shown in
Table 1.

3. Risk of Bias Assessment

The mean MINORS score for assessment of methodolog-
ical quaity was 15.5/24 (range, 12-18) (Table 1). Regarding
the eight main parameters for evaluation, the aim of this
analysis was clearly addressed in al 10 studies**# (item
1: aclearly stated aim). One study™” received a point deduc-
tion because the authors did not describe the consecutive-
ness of patient inclusion (item 2: inclusion of consecu-
tive patients). All 10 studies received a point deduction
for their retrospective study design (item 3: prospective
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collection of data) and lack of prospective calculation of
the sample size (item 8: prospective calculation of the
study size). The criteria used to evaluate the main outcomes
of interest for this analysis were addressed in all studies
(item 4. endpoints appropriate to the aim of the study). All
studies received a point deduction because the authors did
not perform unbiased assessments of their study endpoints
(item 5: unbiased assessment of the study endpoint). Three
articles*'"® each received a point deduction because the
authors did not describe the length of follow-up, and one
study®® received a point deduction because it included
patients who did not undergo adequate follow-up (item 6:
follow-up period appropriate to the aim of the study). Eight
studies**#11%2) gach received a point deduction because
adescription of their follow-up rate was not included (item
7: lossto follow-up less than 5%). No deductions were made
from the additiona criteria domains (an adequate control
group, contemporary groups, basdline equivaence of groups,
and adequate statistical analyses).

4. Meta-analysis

1) Medical complications of hip arthroplasty accord-

ing to SOT (overall] status

Data regarding post-arthroplasty medical complication
were extracted from seven articles®***22) for compar-
isons between the overall SOT group and the control group.
Among the seven articles, cardiac complications were
reported in four articles®52 including 1,985/14,354 patients
(13.8%) in the SOT group and 217,644/3,560,883 patients
(6.1%) in the control group. The incidence of pneumonia
was reported in four articles*®*2) including 362/14,354
patients (2.5%) in the SOT group and 32,081/3,560,883
patients (0.9%) in the control group. PTE data were report-
ed in five articles*®*22) including 107/14,363 patients
(0.7%) in the SOT group and 12,208/3,560,910 patients
(0.3%) in the control group. DVT was reported in three
articles’®*, including 41/1,083 patients (3.8%) in the SOT
group and 19,585/781,771 patients (2.5%) in the control
group. According to the findings of four studies®**, AKI
was observed in 945/6,746 patients (14.0%) in the SOT
group and 26,447/778,620 (3.4%) in the control group.

Regarding medical complications, cardiac complications
were examined in four studies**=**2); significantly higher
incidences were observed in the SOT group compared with
the control group (OR, 1.54; 95% ClI, 1.02-2.31; P=0.04;
12=97%). Myocardia infarction (MI), arrhythmia, and heart
failure as cardiac complications were compared in two stud-
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ies*™, The other two studies compared only M| asacardiac
complication™®. Significantly higher incidences of pneu-
monia (OR, 1.57; 95% Cl, 1.24-2.01; P<0.01; 1?=71%) and
AKI (OR, 7.68; 95% Cl, 3.48-16.95; P<0.01; 1>=98%) fol-
lowing hip arthroplasty were observed in the SOT group
compared with the control group. No significant differ-
encesin therates of PTE and DV T were observed between
the SOT group and the control group. The relevant forest
plot and additional details are shown in Fig. 2.

2) Surgical complications of hip arthroplasty fol-

lowing overall SOT

Data regarding surgical complications were extracted
from eight studies®*>81#2) Regarding the details, the four
studies**152 reported data on transfusion after hip arthro-
plasty; 3,253/14,354 patients (22.7%) in the SOT group and
701,199/3,560,883 patients (19.7%) in the control group
underwent transfusion after hip arthroplasty. The incidence
of PJl was reported in six studies15142); 233/14,457 cases
(1.6%) inthe SOT group and 26,392/3,615,812 cases (0.7%)
in the control group. In addition, the six studies*161#2)
reported on hip D/L after arthroplasty; 245/14,011 cases
(1.7%) inthe SOT group and 27,853/3,605,666 cases (0.8%)
in the control group. From three studies®***, aseptic |0os-
ening was reported in 26/3,179 patients (0.8%) in the SOT
group and 68/6,323 patients (1.1%) in the control group,
and, from six studies>**>%1819 the incidences of revision
surgeries for any reasons were 265/6,966 (3.8%) in the SOT
group and 38,299/842,969 (4.5%) in the control group. The
results from the pooled analyses showed that the transfusion
rate was higher in the SOT group compared with the control
group (OR, 1.43; 95% ClI, 1.30-1.58; P<0.01; 1>=69%), and,
among surgical complications, thisisthe only variable that
showed significant differences between the SOT group and
the control group. No differencesin theincidence of PJl, DIL,
aseptic loosening, and revision surgeries were observed
between groups. A forest plot and additional details are
shownin Fig. 3.

3) Readmission rate and 90-day mortality rate fol-

lowing primary hip arthroplasty according to SOT

(overall) status

Three studies reported on readmission rates after pri-
mary hip arthroplasty; 77/638 patients (12.1%) in the SOT
group and 16,980/65,179 patients (26.1%) in the control
group were readmitted. A significantly higher readmission
rate was observed in the SOT group compared with the con-
trol group (OR, 1.65; 95% Cl, 1.03-2.65; P=0.04; 1>=49%).
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Fig. 2. Forest plot showing the medical complications of hip arthroplasty following solid organ transplantation; the incidence
of (A) cardiac complications, (B) pneumonia, (C) pulmonary thromboembolism (PTE], (D) deep vein thrombosis (DVT], and (E)

acute kidney injury (AKI).
Cl: confidence interval.
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Study or Subgroup gnts ota ents c Random, 95% Random, 9
Agarwal et al. (2022) 258 3103 394 6196 20.3% 1.34 [1.13, 1.57] =
Douglas et al. (2021) 1 513 19 10246  2.4% 1.86 [1.00, 3.48]
Klement et al. (2017) 1233 3180 245876 771498 36.9% 1.35[1.26, 1.45] -
Navale et al. (2017) 1751 7568 454810 2772943 40.4% 1.54 [1.46, 1.62] =
Total (95% Cl) 14354 3560883 100.0% 1.43 [1.30, 1.58] <
Total events 3253 701199 L . y ;
Heterogeneity: Tau?=0.01; Chi?=9.57, df=3 (P=0.02); F=69% 02 05 1 3 Py

Test for overall effect: Z=7.12 (P<0.00001)

B PJl

bgroup

Agarwal et al. (2022)

Favours [Control] Favours [Transplantation]

Odds Ratio

957
2.81 (1.45, 5.45)

15
Douglas et al. (2021) 16 513 402 10246 214% 0.79 [0.47, 1.31) i

Klement et al. (2017) 136 3180 19827 771498 239% 1.69 (143,201 -

Malkani et al. (2020) 1 94 1426 54902 8.0% 0.40 [0.08, 2.89) R s

Navale et al. (2017) 59 7558 4721 2772043 234% 4.61[3.57,5.97] o

Oya et al. (2021) 0 9 1 o Vi 0.93[0.03, 24.84]

Total (95% Cl) 14457 3615812 100.0% 1.75[0.89, 3.47) s

Total events 233 26392

Heterogeneity: Tau?=0.50; Chi?=63.00, df=5 (P<0.00001); P=92% :u = 011 : 119 100:

Test for overall effect: Z=1.61 (P=0.11)

C DL

Transplantation

Control

Favours [Control] Favours [Transplantation]

Odds Ratio Odds Ratio

g bgroup g ents Neigh % A Random
Agarwal et al. (2022) 83 3103 172 6196 28.5% 0.96 [0.74, 1.26) -
Klement et al. (2017) 133 3180 23222 771498 29.7% 1.41[1.18, 1.67] -
Ledford et al. (2021) 1 31 0 3 2.6% 3.10 [0.12, 79.04]
Lim et al. (2012) 1 45 0 9% 2.6% 6.51[0.26, 162.86] >
Malkani et al. (2020) 2 94 1965 54902 10.2% 0.59 [0.14, 2.38] »
Navale et al. (2017) 25 7558 2494 2772943 26.4% 3.69 [2.48,5.47) w
Total (95% CI) 14011 3605666 100.0% 1.58[0.92, 2.73] -
Total events 245 27853 i x ; |
Heterogeneity: Tau?=0.25; Chi=34.10, df=5 (P<0.00001); P=85% ID o1 0'1 1 1'0 100'
Testfor overall effect: Z=1.65 (P=0.10) Favours [Control] Favours [Transplantation]

Transplantation Control

dy o baroup 5 3 nts a c 95%
Agarwal et al. (2022) > 3103 66 6196 95.9% 0.75 [0.48, 1.20]
Ledford et al. (2021) 1 31 0 31 20% 3.10[0.12, 79.04]
Lim et al. (2012) 0 45 2 9% 22% 0.42[0.02, 8.83]
Total (95% CI) 3179 6323 100.0% 0.77 [0.49, 1.20]
Total events 26 68 ) ) )

Heterogeneity: Tau?=0.00; Chi*=0.87, df=2 (P=0.65); F=0%
Test for overall effect: 2=1.16 (P=0.25)

E Revision surgery

Transplantation

0.1 1 10 100

0.01 1
Favours [Control] Favours [Transplantation]

Odds Ratio

Odds Ratio

dy o nts of Random
Agarwal et al. (2022) 87 3103 202 6196 34.4% 0.86 [0.66, 1.10]

Douglas et al. (2021) 13 513 433 10246 17.5% 0.59 [0.34, 1.03]

Klement et al. (2017) 157 3180 35257 771498 40.6% 1.08[0.92, 1.27]

Ledford et al. (2021) 3 3 0 31 1.0% 7.74 [0.38, 156.36] .
Lim et al. (2012) 4 45 5 96 4.3% 1.78 [0.45, 6.96] i

Malkani et al. (2020) 1 94 2402 54902 2.2% 0.24 [0.03, 1.69] |

Total (95% CI) 6966 842969 100.0% 0,90 [0.67, 1.22]

Total events 265 38299 . ) , )

Heterogeneity: Tau?=0.05; Chi?=10.39, df=5 (P=0.06); P=52%
Test for overall effect: Z=0.66 (P=0.51)

0.01 0.1 1 10 100
Favours [Control] Favours [Transplantation]

Fig. 3. Forest plot showing the surgical complications of hip arthroplasty following solid organ transplantation; (A) the trans-
fusion rate after hip arthroplasty, (B) the rate of prosthetic joint infection (PJI], (C) postoperative dislocation (D/L) rate, (D)
the incidence of aseptic loosening, and (E] the rate of revision surgery for any reasons.

Cl: confidence interval.
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Regarding 90-day mortality rates, three studies reported on
16/3,228 patients (0.5%) in the SOT group and 469/61,129
patients (0.8%) in the control group. A significantly high-
er 90-day mortality rate was observed in the SOT group
compared with the control group (OR, 2.02; 95% ClI, 1.03-
3.98; P=0.04; 1>=0%). The relevant forest plot and addi-
tional details are shown in Fig. 4.

4) Subgroup analyses: primary hip arthroplasty

outcomes among KT and LT recipients

For KT recipients, dataregarding DVT, D/L, and the rate
of revision surgery were extracted from three studies®*#*9,
which included 2,460 patientsin the KT group and 826,496
patients in the control group. A significantly higher inci-
dence of DVT was observed in the KT subgroup compared
with the control group (OR, 1.62; 95% Cl, 1.33-1.96; P<0.01;

A Readmission rate

Transplantation Control
dy o bgroup ants ota ents ota
Douglas et al. (2021) 29 513 423 10246
Ledford et al. (2021) 8 31 0 31 25%
Malkani et al. (2020) 40 94 16557 54902 47.8%
Total (95% CI) 638 65179 100.0%
Total events 77 16980

Heterogeneity: Tau?=0.08; Chi?=3.93, df=2 (P=0.14); F=49%
Test for overall effect: Z=2.09 (P=0.04)

B 90-days mortality rate

Transplantation Control

d o pbgroup nis ota n A gn
Agarwal et al. (2022) 10 3103 1 61 62.3%
Ledford et al. (2021) 4 3 2 31 145%
Malkani et al. (2020) 2 94 456 54902 23.2%
Total (95% Cl) 3228 61129 100.0%
Total events 16 469

Heterogeneity: Tau?=0.00; Chi?=0.19, df=2 (P=0.91); P=0%
Test for overall effect: Z=2.04 (P=0.04)

Odds Ratio
Neigh M-H. R 959
49.7%
22.79[1.25, 414.87]

2=0%); however, there was no such difference in terms of
therates of D/L and revision surgery. For the LT subgroup,
meta-analyses of the rates of PTE, DVT, and PJl were per-
formed, using data from three studies*>2» which included
1,083 patientsin the LT subgroup and 781,771 patientsin
the control group. The incidence of PTE, DVT, or PJl in the
LT subgroup did not differ sgnificantly from thet of the con-
trol group (Table 2).

DISCUSSION

Thefindings of this meta-analysis demonstrated that, com-
pared with control subjects, the incidence of medical com-
plications (cardiac complication, pneumonia, and AKI), and
the rates of transfusion, readmission, and mortaity are high-
er for SOT recipients following primary hip arthroplasty.

Odds Ratio

H. Random

Rando
1.39 [0.94, 2.05]

b s
1.72[1.14, 2.58) -
<

1.65[1.03, 2.65]

0.01 0.1 1 10 100
Favours [Control] Favours [Transplantation]

Odds Ratio 0Odds Ratio
Random, 95% Random, 95%
1.82(0.77, 4.29) Ea—
2.15[0.36, 12.69) -
260 [0.64, 10.57) - *
2.02 [1.03, 3.98] i
01 02 05 1 2 5 10

Favours [Control] Favours [Transplantation]

Fig. 4. Forest plot showing (A] the readmission rate, and (B) 90-day mortality rate for hip arthroplasty following solid organ

transplantation.
Cl: confidence interval.

Table 2. 0dds Ratios of Outcomes following Each Sub-Analysis Comparing Organ Transplantation to Control Group

Subgroup and outcomes No. of studies OR (95% Cl) F (%) P-value
Kidney transplantation
DVT 3 1.62(1.33-1.96) 0 <0.001
D/L 3 1.33 (0.75-2.34) 17 0.330
Revision rate 3 1.09 (0.55-2.16) 33 0.810
Liver transplantation
PTE 3 1.42 (0.86-2.34) 0 0.170
DVT 3 1.25 (0.76-2.05) 43 0.380
PJI 3 1.14(0.62-2.12) 58 0.670

DVT: deep vein thrombosis, D/L: dislocation, OR: odds ratio, Cl: confidence interval, PTE: pulmonary thromboembolism,

PJI: prosthetic joint infection.
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Specifically, cardiac complications, pneumonia, and AKI
were significantly more common in the SOT group; howev-
er, no difference in the incidences of post-arthroplasty PTE
and DVT was observed between the two groups. According
to the findings of a previous meta-analysis of postoperative
complications after total hip and knee arthroplasty in LT
patients, conducted by Han and Deren”, higher rates of Ml,
respiratory failure, and AKI were observed in 3,024 LT
patients compared with control subjects. In the analysis of
the THA subgroup, excluding tota knee arthroplasty (TKA),
adggnificantly higher rate of M1, arrythmia, respiratory fail-
ure, AKI, pneumonia, and sepsis was a so reported. In addi-
tion, differencesin rates of PTE or DVT after THA were
not reported, even though significantly higher incidence
of PTE and DVT was observed in the overall THA and
TKA group, as well as in the TKA-only group. Despite
application of different statistical methods, our results
were comparable to those reported by Han and Deren?;
therefore, compared with our results, this was an interest-
ing finding. However, caution is required in the interpreta:
tion of these results. Because patients with SOT are more
likely to have underlying disease, they are likely to suffer
from these medica complications even if they did not under-
go arthroplasty. Thus, caution should be used in order not
to misinterpret arthroplasty as arisk factor for these med-
ical complications, medical complications should be close-
ly monitored, particularly cardiac complications, pneumo-
nia, and AKI after THA in patients with ahistory of SOT.

The findings of the current analysis showed a signifi-
cantly higher transfusion rate following hip arthroplasty in
the SOT group compared with the control group (P<0.01).
There were no intergroup differences in the rates of PJI,
D/L, aseptic loosening, or revision surgery. A single-arm
meta-analysis conducted by Han and Deren” to examine
the surgical outcomes reported an over-3-fold higher rate
of blood transfusion after THA among LT recipients com-
pared with control subjects. They also reported that there
were no intergroup differences in rates of revision surgery
and post-THA D/L. These findings are a'so comparable
with those reported in our study. Considering that most
SOT patients, especially those who have undergone KT or
LT, are at risk of coagulopathy (due to anti-coagulation
medication or liver impairment causing impaired hemosta:
ss9), these results are credible.

Both the readmission rate and 90-day mortality rate were
also significantly more common in the SOT group. Even
though we were not able to perform detailed meta-analy-
ses with regard to the mortality rates, due to the lack of
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relevant studies, several studies reported similar results:
previous SOT showed an association with higher read-
mission and mortality rates, over both short and interme-
diate intervals**#. Conduct of additional well-structured
prospective studies will be required in order to clarify these
issues.

For the subgroup analyses, the meta-analysis could be
performed for KT and LT patients. Even though it was not
included in the meta-analysis (because it did not meet
our criteria), our search yielded one recent well-structured
study? comparing the clinical outcomes after TJA among
patients with or without LT. After performance of a 1:10
propensity-score matching analysis of 43 TJA patients
after LT, compared with 430 control subjects, the authors
concluded that morbidity and mortality appear to be com-
parable between the groups. They reported no differences
in 30-day and 90-day postoperative complication, read-
mission, reoperation, and mortality rates between the two
groups. Thisfinding is also comparable to that of our cur-
rent meta-analysis. In the KT subgroup, the DVT rate was
the only variables showing a differencein the control group
after hip arthroplasty. A previous study reported that chron-
ic kidney disease was an important risk factor for DVT
following TJA®; therefore, thisis an interesting finding.
The authors emphasized the importance of postoperative
prophylaxis against DVT after THA, especialy for chron-
ic kidney disease patients. DVT prophylaxis following hip
arthroplasty should also be carefully considered, espe-
cialy for KT patients.

The current study had severa limitations. First, despite
the large number of included studies and patients, al arti-
cles reported level 111 evidence. The strength of the conclu-
sionsislimited by the level of sudiesincluded in thisreview.
However, ameta-analysis is an appropriate method for gen-
erating a high level of data regarding rare conditions, sug-
gesting that our synthetic results are meaningful. Second,
ahigh level of heterogeneity was observed in some of the
pooled results. The smal amount of data regarding each out-
come could have resulted in bias. In addition, some studies
included relatively large numbers of patients compared to
other sudies*®. Sample sizeis not the only factor determin-
ing the weight of astudy, careful interpretation of the results
isaso required. Thus, conduct of future prospective com-
parative studies will be hdpful in providing a clearer analy-
sis of these issues. Third, we attempted to perform a sub-
group analysisin order to generate evidence for different
indications for hip arthroplasty, e.g., age-related OA, hip
fracture, and ONFH; however, such analyses could not be
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performed due to the lack of studies examining this specif-
ic question. However, to the best of our knowledge, this study
isthe first double-arm meta-anaysis that extensively exam-
ined the association between SOT and hip arthroplasty out-
comes, including sub-analyses for different types of SOT.

Furthermore, despite these caveats, this study provided
answersto clinicaly relevant questions based on the results
of adtistical evauation: previous SOT is associated with
ahigher risk of medical/surgical complications, aswell as
rates of readmission and mortality, after hip arthroplasty.
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Appendix 1. The Literature Search Algorithm and the Results from Relevant Clinical Studies

PubMed (January 5, 2022)

Search queries No. of articles
#1 “hip” [Title/Abstract] 156,173
#2 “replacement” [Title/Abstract] OR “arthroplast*” [Title/Abstract] 337,564
#3 “arthroplasty, hip replacement” [MeSH Terms] 31,779
#4 Search (#1 AND #2) 47,850
#5 Search (#3 OR #4) 54,498
#6 “transplant*” [Title/Abstract] 516,024
#7 Search (#5 AND #6) 421
Embase (January 5, 2022)
Search queries No. of articles

#1 hip:ti,ab,kw 211,510

#2 replacement:ti,ab,kw 382,769

#3 arthroplast*:ti,ab,kw 93,471

#4 Search (#2 OR #3) 457,819

#5 Search (#1 AND #4) 61,206

#é6 transplant*:ti,ab,kw 803,630

#7 Search (#5 AND #6) 581

Cochrane Library (January 5, 2022)
Search queries No. of articles

#1 hip:ti,ab,kw 164

#2 replacement:ti,ab,kw 641

#3 arthroplast*:ti,ab,kw 50

#4 Search (#2 OR #3) 644

#5 Search (#1 AND #4) 72

#6 transplant*:ti,ab,kw 412

#7 Search (#5 AND #6) 51
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