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Abstract

Objective The present study assessed and synthesized the potential risk factors for perioperative blood transfusion
in total hip arthroplasty from various studies through Meta-analysis.

Methods We systematically searched for relevant studies in databases including Web of Science, PubMed, Embase,
and Cochrane Library from the time of database creation to 1 February 2025 and included all observational studies
exploring perioperative transfusion risk factors in patients undergoing total hip arthroplasty. All included studies were
assessed for quality using the Newcastle-Ottawa Scale (NOS) scale. Data were analyzed using Stata 15 software.

Results A total of 18 articles (n=424,158) were included, meta-analysis results suggest that increased intraoperative
bleeding [OR=1.13,95%Cl (1.02, 1.24)], increased postoperative drainage [OR=2.24, 95%Cl (1.24, 4.83)], body mass
index< 185 [OR=1.10, 95%Cl (1.02, 1.20)], preoperative anemia [OR=1.82, 95%Cl (1.62, 2.03)], age >80 [OR=1.49
95%CI(1.21, 1.83)], female [OR=1.92, 95%Cl (1.71, 2.15)], ASA class >3 [OR=2.06, 95%Cl (1.63, 2.61)] in patients

with total hip arthroplasty (THA) increases the incidence of perioperative blood transfusion.

Conclusion The results of the current study suggest that increased intraoperative bleeding, increased postoperative

drainage, low body mass index (< 18.5), preoperative anemia, advanced age (>80 years), female gender, and high ASA
classification (> 3) were significantly associated with the likelihood of needing blood transfusion. These findings high-

light the importance of preoperative risk assessment and perioperative management strategies to reduce the need

for blood transfusion and improve patient outcomes.
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Introduction

Total Hip Arthroplasty (THA) is one of the common
surgeries for the treatment of advanced hip osteoar-
thritis, necrosis of the femoral head and other diseases,
aiming at relieving pain, restoring joint function and
improving patients'quality of life [1, 2]. With the aging
of the population, the number of hip arthroplasties is
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increasing every year. However, despite the significant
technological advances that have been made in THA
surgery, perioperative bleeding remains a significant
challenge, affecting patients’postoperative recovery
and complications [3]. During THA surgery, control
of bleeding is critical to the patient’s prognosis. Exces-
sive bleeding may lead to anemia, shock and even the
need for blood transfusion [4, 5]. Blood transfusion is
one of the common interventions after THA, but exces-
sive blood transfusion may also trigger a series of com-
plications, such as immune response, infection, and
thrombosis [6, 7]. Therefore, identifying and evaluating
risk factors affecting intraoperative and postoperative
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blood transfusion in THA is important for optimizing
treatment strategies, reducing complication rates, and
improving patients’postoperative recovery [8, 9].

Various factors affect postoperative blood transfusion
in THA, including the underlying pathological status of
the patient, surgical approach, type of anesthesia, bleed-
ing control techniques, and preoperative hemoglobin
level [10]. Studies [11, 12] have shown that factors such
as age, gender may be associated with the need for blood
transfusion, but these factors may manifest themselves
differently in different patient groups [13].

This study investigates the key factors affecting periop-
erative blood transfusion in THA through meta-analysis
of the existing literature, which can not only help clini-
cians to develop personalized transfusion strategies,
reduce unnecessary transfusions, and lower postopera-
tive complications, but also improve the overall progno-
sis of patients.

Methods

This systematic evaluation and meta-analysis will strictly
follow the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines [14]. The
systemic review was supported by the online PROSPERO
international prospective register of systemic reviews of
the National Institute for Health Research, registration
number: CRD42025643020.

Inclusion and exclusion criteria
Inclusion criteria included a study design that was a pro-
spective or retrospective cohort study, a case—control
study, and explored risk factors associated with periop-
erative blood transfusion in patients undergoing THA.
The study population was adult (> 18 years) patients
undergoing primary total hip arthroplasty, the study had
to report blood transfusion as the primary outcome and
should provide sufficient data to estimate the effect size,
including the number of patients who did and did not
receive a transfusion or the volume of blood transfused.
Exclusion criteria included: study designs that were
case reports, review articles, meta-analyses, conference
abstracts, or unoriginal literature; studies were conducted
in non-adult patients (< 18 years of age) or patients
involved only in revision THA; studies did not explicitly
report data related to perioperative transfusions or were
unable to provide sufficient data for effect size estima-
tion; and the results of these studies could not be broadly
applied to the general population of total patients with
THA; and the results of these studies cannot be widely
applied to the general population of total hip arthroplasty
patients to ensure consistent data extraction and analysis.
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Literature retrieval

A systematic search of Web of Science, PubMed, Embase,
Cochrane Library and other databases for relevant stud-
ies from inception to 1 February 2025 was performed to
include all observational studies exploring perioperative
blood transfusion risk factors in patients undergoing
total hip arthroplasty, with the search terms risk factors;
blood transfusions; total hip arthroplasty, and the specific
search strategy is described in Supplementary Material
Table S1.

Study selection

During the literature screening process, two research-
ers independently used EndNote 21 software to initially
screen the literature obtained from the search, first
through the titles and abstracts, and then to exclude lit-
erature that clearly did not meet the inclusion criteria.
Subsequently, the remaining literature was reviewed by
reading the full text in its entirety to further determine
whether it met the inclusion and exclusion criteria. In
case of disagreement between the two researchers dur-
ing the screening process, it would be resolved through
discussion and negotiation; if the negotiation still failed
to reach a consensus, a third researcher would be invited
to adjudicate to ensure the objectivity and consistency of
the screening process.

Data extractions

This study was conducted by two researchers who inde-
pendently extracted relevant data from the eligible litera-
ture using an Excel sheet based on the inclusion criteria.
The extraction included the basic information of the
study (first author, year of publication, and type of study),
the basic characteristics of the study population (sample
size, gender, and mean age), the type of procedure, trans-
fusion-related indexes, the statistical model used in the
regression analysis (e.g., multifactorial regression, uni-
variate analysis, etc.), and the effect sizes of the exposure
factors and the outcome indexes (e.g., the ratio than the
ORs and their 95% confidence intervals). In the process
of data extraction, if two investigators disagreed on the
data, it would be resolved through negotiation, and if no
agreement could be reached, a third investigator would
adjudicate to ensure the accuracy and consistency of data
extraction.

Quality evaluation

This study assessed the quality of the included studies
using the Newcastle—Ottawa Scale (NOS) [15]. The NOS
scale assesses study quality through three dimensions:
selection bias, comparison bias, and outcome assess-
ment. First, the selection dimension assesses whether the
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case and control groups in the study were selected in a
representative manner, whether clear selection criteria
were followed, and whether the similarity of baseline
characteristics of the samples was controlled. Second, the
comparison dimension assesses whether potential con-
founders, such as age, gender, and lifestyle, were effec-
tively controlled for and whether appropriate statistical
methods were used to reduce confounding bias. Finally,
the outcome dimension assessed whether the study out-
comes were clearly defined and accurately measured
and examined the completeness of the follow-up data
and whether lost visits or missing data were reasonably
addressed. Each dimension was scored as 0 to 4 (selec-
tion), 0 to 2 (comparison), and 0 to 3 (outcome), with a
total score of 9. Higher scores indicated better study
quality. To ensure the scientific validity and reliability of
the Meta-analysis, we will weigh the studies in the assess-
ment process, with higher quality studies carrying more
weight, and ensure the objectivity and consistency of the
assessment through independent reviewer scoring.

Statistical analysis

In this study, the risk ratio (OR) and the correspond-
ing 95% confidence interval (CI) of each included study
were combined using Stata 15 software. First, for each
study, we extracted the corresponding effect size OR and
its 95% confidence interval. To combine these ORs, we
pooled them using a random effects model, which can
account for heterogeneity between studies, i.e., variabil-
ity in effect sizes across studies. ORs and 95% Cls were
calculated for each study and combined into an overall
effect size. Heterogeneity of the model was assessed by
the I? statistic; if the I? was greater than 50%, it was con-
sidered that there was a high degree of heterogeneity and
that the sources of heterogeneity needed to be further
explored. For high heterogeneity, we may conduct sensi-
tivity analyses to identify potential factors that may affect
the combined effect sizes. In addition, funnel plots and
Egger’s test were used to assess the likelihood of publi-
cation bias. If bias exists, it may have an impact on the
interpretation of the results. The combined effect sizes
will be reported as ORs and their 95% ClIs to allow for
interpretation of results and statistical inference.

Results

Literature screening results

A total of 1625 articles were obtained through the
search (PubMed (7 = 216), Embase (n = 361), Cochrane
library (n = 91), Web of science (n = 827), CNKI(n =
56), medRxiv(n = 74)), 500 duplicates were removed
by removing duplicates, 1100 articles were removed by
reading titles and abstracts, and 7 articles were removed
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by reading the full text. The final 18 articles [16—33] were
included in the analysis. The specific screening process of
the literature is shown in Fig. 1.

Basic characteristics of literature

A total of 18 articles (n = 424,158) were included, with an
age distribution of 41.5-79 years, of which 10 articles [16,
18, 20, 26, 28—33] were from China, 2 articles were from
USA, 1 article was from UK, 1 study was from Virginia,
1 study was from Denmark, 1 study was from Thailand,
1 study was from Pakistan and 1 study was from Bra-
zil. Postoperative blood transfusion occurred in 22.36%
(94,846/424158). All of them used Multivariate logistic
regression, and the specific basic characteristics of the
articles are tabulated in Table 1.

NOS results

The NOS score was used in this study, in which 6 studies
[16, 19, 22, 24, 25, 28] scored 9, 2 studies [17, 18] scored
8, and 10 studies [20, 21, 23, 26, 27, 29-33] scored 7. The
quality of this study was of high quality, and the specific
quality evaluation table is shown in Table 2.

Meta-analysis results

Increased intraoperative bleeding

6 articles mentioned increased intraoperative bleeding,
heterogeneity test (I*= 82.5%, P= 0.001), random effects
model was used for the analysis, and the results of the
analysis (Fig. 2) suggested that increased intraoperative
bleeding in patients with THA increases the incidence of
perioperative blood transfusion [OR =1.13, 95%CI (1.02,
1.24)], and due to the large heterogeneity, sensitivity
analyses were performed using a literature-by-exclusion
analysis, and the results of the analysis (supplementary
material figure S1) suggested that the analysis was rela-
tively unstable.

Increased postoperative drainage

4 articles mentioned increased postoperative drainage,
heterogeneity test (I*= 93.4%, P= 0.001), random effects
model was used for the analysis, and the results of the
analysis (Fig. 3) suggested that increased postoperative
drainage in patients with THA increases the incidence of
perioperative blood transfusion [OR =2.24, 95%CI (1.24,
4.83)], and due to the large heterogeneity, sensitivity
analyses were performed using a literature-by-exclusion
analysis, and the results of the analysis (supplementary
material figure S2) suggested that the analysis was rela-
tively unstable.

Body mass index < 18.5
9 articles mentioned body mass index <18.5, heteroge-
neity test (= 74.3%, P= 0.001), random effects model
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Fig. 1 Literature search flow chart

was used for the analysis, and the results of the analysis
(Fig. 4) suggested that body mass index <18.5 in patients
with THA increases the incidence of perioperative blood
transfusion [OR =1.10, 95%CI (1.02, 1.20)], and due to
the large heterogeneity, sensitivity analyses were per-
formed using a literature-by-exclusion analysis, and the
results of the analysis (supplementary material figure S3)
suggested that the analysis was relatively unstable.

Preoperative anemia

12 articles mentioned preoperative anemia, heteroge-
neity test (I>= 98.1%, P= 0.001), random effects model
was used for the analysis, and the results of the analysis
(Fig. 5) suggested that preoperative anemia in patients
with THA increases the incidence of perioperative
blood transfusion [OR =1.82, 95%CI (1.62, 2.03)], and
due to the large heterogeneity, sensitivity analyses were
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performed using a literature-by-exclusion analysis, and
the results of the analysis (supplementary material figure
S4) suggested that heterogeneity may be derived from
Cao (2018), G Liao (2024) and Song (2019).

Age >80

8 articles mentioned age >80, heterogeneity test (I>=
99.4%, P= 0.001), random effects model was used for
the analysis, and the results of the analysis (Fig. 6) sug-
gested that age >80 patients with THA increases the
incidence of perioperative blood transfusion [OR =1.49
95%CI(1.21, 1.83)], and due to the large heterogeneity,
sensitivity analyses were performed using a literature-by-
exclusion analysis, and the results of the analysis (supple-
mentary material figure S5) suggested that heterogeneity
may be derived from Browne (2013).
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Table 1 Table of Basic Characteristics
study year country studydesign samplesize No of blood gender(M/F) mean age(years) Regression model

transfusions
Bian 2023 China cohort study 331 113 290/41 415 Multivariate logistic regression
Browne 2013 Virginia  cohortstudy 129,901 27,552 NR NR Multivariate logistic regression
Cao 2018 China cohort study 414 207 280/134 46.5 Multivariate logistic regression
Gylvin 2017 Denmark cohort study 8402 809 NR NR Multivariate logistic regression
Hong 2025 China cohort study 228 43 154/74 69.3 Multivariate logistic regression
Luangwaranyoo 2020 Thailand cohortstudy 323 126 91/232 79 Multivariate logistic regression
Mufarrih 2017 Pakistan  cohortstudy 658 153 131/527 62.5 Multivariate logistic regression
Pava 2023 Brazil cohort study 1028 114 280/748 69.26 Multivariate logistic regression
Salt 2018 USA cohort study 3270 230 862/2408 585 Multivariate logistic regression
Slover 2017 USA cohort study 275,169 64,670 106,439/168730 554 Multivariate logistic regression
Song 2019 China cohort study 541 105 97/444 674 Multivariate logistic regression
Walsh 2012 UK cohortstudy 210 120 46/164 71.2 Multivariate logistic regression
Wang 2021 China cohort study 341 44 289/52 53 Multivariate logistic regression
G Liao 2024 China cohort study 347 184 151/196 70.1 Multivariate logistic regression
ZYan 2021 China cohortstudy 1814 134 639/1175 70 Multivariate logistic regression
QlLin 2022 China cohort study 237 60 110/127 60.1 Multivariate logistic regression
R Shen 2020 China cohort study 692 127 216/376 55 Multivariate logistic regression
Y Tian 2025 China cohort study 252 55 116/136 65 Multivariate logistic regression
Table 2 NOS scores
cohort study
Study Representativeness  Selection Determination of Identification Comparability designand Adequacy of Adequacyof Total

of the exposed of non- exposure factors  of outcome of exposed and  statistical thestudy’s  follow-upin scores
group exposed indicators unexposed analysis evaluation exposed and
groups not yet to be groups of the unexposed
observed at considered outcome groups
study entry in design and
statistical
analysis

Bian2023 * * * * *x x M 9
Browne2013 * * * * * * * 8
Cao2018 * * * * * * * 8
Gylvin2017 * * * * *x * * 9
Hong2025 * * * / * * * 7
Luangwaran-  * * * / * * * 7
y002020
Mufarrih2017 ~ * * * * *x x M 9
Pava2023 * * * / * * * 7
Salt2018 * * * * *x * * 9
Slover2017 * * * * *x M M 9
Song2019 * * * / * * % 5
Walsh2012 * * * / * * * 7
Wang2021 * * * * o * * 9
Gliao2024  * * * / * x . ;
ZYan2021 * * * / * * * 7
QLin2022 * * * / * * * 7
R Shen2020 * * * / * * * 7
Y Tian2025 * * * / * * * 7
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Study

Bian (2023)
Hong (2025)
Wang (2021)
G Liao (2024)
Q Lin (2022)
Y Tian (2025)

Overall (I-squared = 82.5%, p = 0.000)

OR (95% CI)

| 1.35(1.19, 1.53)

—+——— 3.41(1.34,8.70)

- 1.20 (1.08, 1.32)
-— 1.01 (1.00, 1.20)
|
- 1.07 (1.04, 1.21)

1.01 (1.00, 1.13)

1.13 (1.02, 1.24)

NOTE: Weights are from random effects analysis
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Fig. 2 Forest plot of increased intraoperative bleeding meta-analysis
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NOTE: Weights are from random effects analysis
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Fig. 3 Forest plot of increased postoperative drainage meta-analysis

Female

12 articles mentioned female, heterogeneity test (I*=
66.3%, P= 0.001), random effects model was used for
the analysis, and the results of the analysis (Fig. 7)
suggested that female patients with THA increases
the incidence of perioperative blood transfusion [OR

=1.92, 95%CI (1.71, 2.15)], and due to the large het-
erogeneity, sensitivity analyses were performed using a
literature-by-exclusion analysis, and the results of the
analysis (supplementary material figure S6) suggested
that the analysis was relatively unstable.
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Study %
ID OR (95% ClI) Weight
.
Bian (2023) - 1.09 (1.02, 1.17) 20.51
Cao (2018) * 1.09 (1.02, 1.18) 20.21
Luangwaranyoo (2020) :—0— 2.40 (1.10, 5.25) 1.02
Mufarrih (2017) — 1.79 (1.17,2.76) 3.09
Pava (2023) — 1.96 (1.31,2.94) 3.40
Salt (2018) . 1.09 (0.87, 1.35) 8.77
Walsh (2012) . 1.04 (1.01, 1.08) 23.40
Wang (2021) > 0.95 (0.88, 1.04) 19.27
Q Lin (2022) * 3.97 (0.99, 15.91) 0.33
Overall (I-squared = 74.3%, p = 0.000) 0 1.10 (1.02, 1.20) 100.00

NOTE: Weights are from random effects analysig

T
.0629 1

15.9

Fig. 4 Forest plot of body mass index < 18.5 meta-analysis
Study %
ID OR (95% Cl) Weight
Bian (2023) - 1.34(1.10,1.65)  10.15
Browne (2013) hg 1.60 (1.41, 1.82) 12.68
Cao (2018) * i 1.02 (1.00, 1.04) 15.06
Gylvin (2017) | -~ 5.58 (4.60,6.75)  10.54
Hong (2025) 5 —— 10.20 (5.56, 20.00) 2.58
Mufarrih (2017) P 4.15(2.48,6.96) 3.64
Salt (2018) — 3.30 (2.62,4.14) 9.34
Song (2019) . 1.04 (1.02,1.06)  15.07
G Liao (2024) . 1.04 (1.03,1.06)  15.08
Z Yan (2021) —— 3.83(2.12,6.93) 294
Q Lin (2022) 5 ———> 15,52 (4.42,54.59) 0.77
Y Tian (2025) —— 3.54(1.73,7.24) 2.14
Overall (l-squared =98.1%, p = 0.000) 0 1.82 (1.62, 2.03) 100.00
NOTE: Weights are from random effects analy 'sisi

T
.0183 1

Fig. 5 Forest plot of preoperative anemia meta-analysis

ASAclass >3

7 articles mentioned American society of Anesthesiolo-
gists (ASA) class >3, heterogeneity test (I*>= 26.8%, P=
0.224), fixed effects model was used for the analysis, and

T
54.6

the results of the analysis (Fig. 8) suggested that ASA
class >3 patients with THA increases the incidence of
perioperative blood transfusion [OR =2.06, 95%CI (1.63,
2.61)].



Peng and Qiao BMC Musculoskeletal Disorders

(2025) 26:569

Study
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Luangwaranyoo (2020)
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Fig. 6 Forest plot of age >80 meta-analysis
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Study %

ID OR (95% Cl) Weight

Cao (2018) —_ 3.48 (1.57,7.70) 8.66

Hong (2025) —v— 4.08 (1.36,12.33) 4.50

Luangwaranyoo (2020) 1.40 (0.30,6.40) 2.34

Mufarrih (2017) —_— 1.92(1.18,3.14) 22.88

Pava (2023) —0— 3.10(1.74,5.52) 16.44

Walsh (2012) — 1.43(0.93,2.19) 29.88

Z Yan (2021) B — 1.97 (1.08,3.58) 1529

Overall (I-squared = 26.8%, p = 0.224) <> 2.06 (1.63,2.61)  100.00

T : T
.0811 1 12.3
Fig. 8 Forest plot of ASA class >3 meta-analysis
Table 3 Comparison of fixed effects results and random effects results
Risk factors Number of studies Fixed model Random model
OR95%ClI OR95%Cl

Increased intraoperative bleeding 6 1.08(1.04,1.12) 1.13(1.02,1.24)
Increased postoperative drainage 4 1.73(1.50, 2.01) 244 (1.24,4.83)
Body mass index 9 1.05(1.03,1.08) 1.10(1.02,1.20)
Preoperative anemia 12 1.05 (1.04, 1.06) 1.82(1.62,2.03)
Age >80 8 05 (1.04,1.07) 149 (1.21,1.83)
Female 12 1.84(1.71,1.91) 1.92(1.71,2.15)
ASA class >3 7 2.06(1.63,261) 2.15(1.61,2.86)

Table 4 Meta-regression analysis results

Risk factors Coef Std.Err P 95% Conf. Interval

Increased intraoperative -0.39 0.03 0.24 [-1.18,0.39]

bleeding

Increased postoperative -099 037 0.12 [-2.57,0.59]
drainage

Body mass index 0.001 0.007 0.88 [-0.14,0.16]
Preoperative anemia -0.70 0.14 0.63 [-0.39,0.24]
Age >80 -0.07 0.10 049 [-0.31,0.17]
Female -0.07 0.04 0.07 [-0.17,0.01]
ASA class >3 002 012 0.13 [-0.23,0.12]

Random-effect and fixed-effect models

The results (Table 3) were suggested as increased intra-
operative bleeding, increased postoperative drain-
age, body mass index, preoperative anemia, age >80,

female, ASA classification >3 The OR of the random
effects model was greater than the fixed effects model.

Meta regression

Because of the large heterogeneity of the studies, meta-
regression was used to test the results of the analysis
(Table 4) suggesting that year of publication, age, were
not sources of heterogeneity.

Publication bias

In the current study, funnel plots and egger’s test
(increased intraoperative bleeding (P =0.001), increased
postoperative drainage (P =0.02), body mass index
<18.5(P =0.045), preoperative anemia (P =0.033), age
>80 (P =0.02) were used to detect publication bias,
and the results were analyzed (supplementary material
figure S7-figure S11), and the asymmetry of the funnel
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plots suggests that there is publication bias for this out-
come. female (P =0.112), ASA class >3 (P =0.32) (sup-
plementary material figure S12-figure S13) of the funnel
plots suggests that there is no publication bias for this
outcome.

Trim and fill were used for those with publication
bias, and the analysis results (Supplementary Material
fig. S14-figure S18) suggest that after trim and fill the
results suggest little change, all of which were statistically
significant.

Discussion

To the best of our knowledge, this is the first time that
a meta-analysis has been used to explore the risk factors
for perioperative blood transfusion occurring in elderly
hip fractures, and the current study concluded that
increased intraoperative bleeding, increased postopera-
tive drainage, low body mass index (< 18.5), preoperative
anemia, advanced age (> 80 years), being female, and a
high ASA classification (> 3) were significantly associ-
ated with perioperative blood transfusion.

Increased intraoperative bleeding in THA may affect
perioperative transfusion rates through several mecha-
nisms. Firstly, massive intraoperative blood loss may
lead to a dramatic decrease in the patient’s hemoglobin
level, triggering the indication for blood transfusion [34].
Second, persistent intraoperative blood loss may trig-
ger coagulation disorders, leading to further bleeding in
a vicious circle. In addition, the inflammatory response
and surgical trauma may activate the fibrinolytic system
and increase the risk of microvascular bleeding, thus fur-
ther exacerbating bleeding [35]. Increased intraoperative
bleeding in THA not only raises the need for periopera-
tive transfusion, but also has a range of adverse conse-
quences, including transfusion-related complications
(increased risk of transfusion reactions, immunosup-
pression, and infections), delayed postoperative recovery,
prolonged hospital stays, and increased healthcare costs
[36]. Therefore, in clinical practice, surgeons should adopt
proactive blood management strategies, such as optimiz-
ing preoperative hemoglobin levels, applying antifibrino-
lytic drugs, improving surgical techniques, and strictly
controlling intraoperative bleeding, to reduce the transfu-
sion requirements of patients with THA and to improve
the postoperative prognosis. There was a significant asso-
ciation between increased postoperative drainage and
the incidence of perioperative blood transfusion. This
suggests that increased postoperative drainage may be
an important factor contributing to the increased need
for perioperative blood transfusion. Increased drainage
may reflect higher intraoperative hemorrhage or higher
blood loss in the postoperative period, which increases
the patient’s need for blood transfusion. Increased
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postoperative drainage is often an indication of more
intraoperative bleeding [37]. In THA surgery, more sig-
nificant intraoperative bleeding may occur due to the
proximity of the operative area to the great vessels and
the pelvis. If intraoperative bleeding cannot be completely
stopped, postoperative drainage may be required to drain
the accumulated blood [38]. Significant intraoperative
blood loss may lead to a hypovolemic state in the patient,
which may require blood transfusion to maintain nor-
mal hemoglobin levels and circulatory stability, suggest-
ing that more attention should be paid to the control of
the drainage volume in postoperative management and
more aggressive blood management in patients present-
ing with high levels of postoperative drainage in order to
reduce the need for unnecessary blood transfusion [39].
Low body weight (BMI) patients undergoing THA sur-
gery may be more susceptible to intra- or post-operative
blood loss due to a lower baseline blood volume. A low
BMI may reflect the patient’s overall poorer health, result-
ing in a weaker ability to recover after surgery [40]. Lower
blood reserve and tissue nutritional status may make
such patients more susceptible to postoperative bleeding,
hypovolemia and anemia, which may require blood trans-
fusion [41]. Clinicians should pay particular attention to
intraoperative bleeding and postoperative recovery when
dealing with patients with lower BMI and may need to
manage blood and blood volume more aggressively and
take steps in advance to minimize unnecessary transfu-
sions, by optimizing preoperative nutritional manage-
ment and postoperative monitoring to minimize the risk
of bleeding. Patients with preoperative anemia usually
face a higher need for blood transfusion during surgery
and postoperative recovery [42]. This is because anemic
patients have lower blood reserves and intraoperative
bleeding or postoperative drainage may rapidly reduce
their hemoglobin levels to dangerous levels, increasing
the need for blood transfusion [43]. Preoperative anemia
not only increases the need for perioperative transfusion
but may also be associated with other surgical compli-
cations. Anemia may increase the risk of postoperative
infection, cardiac complications, and poor wound healing.
Therefore, the presence of preoperative anemia may signal
an increased risk for the patient during recovery from sur-
gery and requires special attention to postoperative moni-
toring and recovery management [44]. The current study
showed that age >80 years and female are important risk
factors for perioperative blood transfusion, and that phys-
iological functions of elderly patients gradually decline
during surgery, especially hematopoietic and recovery
capacity [45]. Higher intraoperative hemorrhage and
poorer postoperative recovery may lead to a greater need
for blood transfusion in older patients than in younger
patients. In addition, older patients often have multiple
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chronic diseases (hypertension, diabetes) that increase
the risk of intraoperative and postoperative bleeding [46].
Women are usually physiologically endowed with lower
blood volume and smaller body weight, resulting in them
being more susceptible to hypovolemia during bleeding,
which in turn requires supplemental blood transfusion
[47]. Special attention should be paid to preoperative
screening and treatment of anemia and effective intraop-
erative blood management strategies in patients aged >80
years and in women, especially when undergoing THA.
In high-risk patients, a transfusion plan should be pre-
pared in advance and prophylactic measures (reduction of
intraoperative bleeding, control of postoperative compli-
cations) should be taken to optimize the patient’s recov-
ery process. Patients with higher ASA scores usually have
pre-operative anemia or other blood problems that make
their intra- and post-operative blood recovery poorer [48].
Even with the same amount of bleeding, these patients are
more likely to develop anemia and require blood transfu-
sion to restore normal blood volume. For these high-risk
patients, in addition to the need for enhanced pre-oper-
ative health assessment and anemia treatment, intra-
operative blood management should be more careful and
prudent [49]. Through early intervention, control of intra-
operative bleeding and timely postoperative blood trans-
fusion, surgical complications can be significantly reduced
and the speed and quality of postoperative recovery of
patients can be improved.
Strengths of this study:

1. A total of 13 papers were included through a multi-
database search (PubMed, Embase, Cochrane, Web
of Science) and the quality of all papers was assessed
by the NOS scale, which showed high quality of the
studies (most of them scored 8 or 9).

2. The included studies involved a total of 420,816
patients, which is statistically significant and broadly
representative.

3. due to the high heterogeneity, the studies were ana-
lyzed using a random effects model to improve the
robustness of the analyses, and the results were more
stable when sensitivity analyses were performed.

4. The study analyzed the correlation with periopera-
tive blood transfusion through multiple factors (body
mass index, preoperative anemia, age), which pro-
vided a multifaceted assessment and enhanced the
breadth of the study.

Limitations of this study:
1. Heterogeneity was high in many analyses (I* values

higher than 70%) and may have been influenced by
different study designs, sample sources, measure-
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ment methods, and other factors. Potential bias may
exist despite sensitivity analyses.

2. All included studies were retrospective, which may
have led to a certain selection bias and did not con-
trol for all potential confounders.

3. Different studies had different follow-up times, which
may affect the stability and comparability of postop-
erative results.

Clinical significance

Although current perioperative blood management
measures (intraoperative controlled hypotension, iron
and erythropoietin use, intraoperative retrieval) have
been widely used in total hip arthroplasty and have effec-
tively reduced postoperative transfusion rates, postop-
erative blood transfusion still occurs in some high-risk
patients. The significance of our study is to further iden-
tify independent risk factors related to blood transfusion
through retrospective analysis, to provide a basis for pre-
operative risk assessment and individualized manage-
ment. Especially in elderly patients or patients with many
underlying diseases, identifying high-risk groups that
may require blood transfusion in advance can help opti-
mize preoperative preparations, develop more appropri-
ate perioperative management strategies, and ultimately
reduce transfusion-related adverse events and healthcare
costs. Therefore, this study has practical value in the cur-
rent clinical context of “low transfusion rate but still need
to be continuously optimized”

Conclusion

The results of the current study suggest that increased
intraoperative bleeding, increased postoperative drain-
age, low body mass index (< 18.5), preoperative anemia,
advanced age (> 80 years), female gender, and high ASA
classification (> 3) were significantly associated with the
likelihood of needing blood transfusion. These findings
highlight the importance of preoperative risk assess-
ment and perioperative management strategies to reduce
the need for blood transfusion and improve patient
outcomes.
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