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AIM: Preoperative anemia remains a common condition in elderly patients undergoing orthopedic surgery, and the choice of transfusion
strategy may affect perioperative outcomes. Therefore, this study aims to investigate the effect of a restrictive transfusion strategy on
perioperative outcomes in this population.
METHODS: A retrospective analysis was conducted on 782 preoperatively anemic patients (aged ≥60 years) who underwent hip re-
placement, knee replacement, or spine surgery at Xuanwu Hospital Capital Medical University, China, between January 2018 and June
2024. Patients were categorized into the restrictive (n = 380) and liberal (n = 402) transfusion strategy groups. Perioperative indicators
included estimated blood loss, transfusion volume, length of hospital stay, as well as additional relevant variables. Primary outcomes
were 30-day all-cause mortality, transfusion-related adverse reactions, and postoperative infection rates. Secondary outcomes included
postoperative hemoglobin levels, readmission rates, reoperation rates, thrombosis, and cardiovascular events.
RESULTS: In hip replacement and spine surgery patients, the estimated blood loss was significantly lower in the restrictive transfusion
group than in the liberal transfusion group (p< 0.001), while higher in knee replacement patients (p< 0.001). The restrictive transfusion
strategy reduced transfusion requirements and shortened hospital stay across all surgical types (p < 0.001). No significant difference
in 30-day all-cause mortality was observed between the groups (p > 0.05). However, the restrictive transfusion group had significantly
lower rates of transfusion-related adverse reactions (1.3% vs. 5.0%, p< 0.001) and infections (2.6% vs. 6.5%, p = 0.017). Additionally,
transfusion strategy was identified as an independent risk factor for transfusion-related adverse reactions [odds ratio (OR) = 3.96, 95%
CI: 1.468–10.682, p = 0.007)].
CONCLUSIONS: A restrictive transfusion strategy reduces transfusion volume, minimizes the incidence of transfusion-related adverse
reactions and infections. This study supports individualized perioperative anemia management to optimize outcomes in elderly patients.
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Introduction

The risk of anemia rises significantly with age, particularly
among older adults with chronic illnesses or malnutrition
[1,2]. Globally, about 30–40% of individuals over 60 years
suffer from varying degrees of anemia, with women show-
ing a higher incidence rate thanmen [3,4]. In China, an esti-
mated 20–25% of the elderly population is affected by this
disease [5]. Anemia in elderly patients not only compro-
mises the quality of life but also increases the risk of peri-
operative and postoperative complications, especially dur-
ing high-risk surgeries such as orthopedic procedures [6,7].
Moreover, elderly patients undergoing orthopedic surgery
often present chronic comorbidities, such as cardiovascular
disease and diabetes [8–10], which further elevate surgical
risk and contribute to a higher incidence of postoperative
complications.
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Although perioperative anemia is commonly managed
through blood transfusion [11,12], the body can often com-
pensate for low hemoglobin levels by increasing cardiac
output and enhancing tissue oxygen extraction, alleviat-
ing immediate reliance on transfusion. However, exces-
sive transfusion introduces additional donor red blood cells,
which can increase the risk of immune responses and
infections, particularly during postoperative immunosup-
pression. Transfusion-related immunomodulation (TRIM)
can suppress immune function by reducing natural killer
(NK) cell activity and disrupting cytokine balance, thereby
increasing susceptibility to infection [13]. Furthermore,
storage-induced lesions in red blood cells release bioac-
tive substances, such as cytokines, free hemoglobin, and
microparticles, which can trigger inflammatory responses
after transfusion [14]. Residual leukocytes and minor anti-
gens in donor blood may also provoke alloimmune reac-
tions, further compromising immune function [15]. These
mechanisms are especially relevant in elderly patients, who
are prone to age-related immune decline and postoperative
immunosuppression. Additionally, transfusion may also
lead to circulatory overload [16], increasing the likelihood
of cardiovascular complications, along with risks of acute
lung injury and hemolytic reactions [17,18].
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A restrictive transfusion strategy sets a lower hemoglobin
threshold, administering transfusions only when significant
hypoxia or insufficient physiological compensation occurs.
This approachminimizes transfusion volume, optimizes pe-
rioperative management, and may improve long-term out-
comes [19]. However, perioperative transfusion require-
ments may vary based on the severity of anemia, and the
prognostic effects of restrictive transfusion strategies in pa-
tients with different anemia levels have not been fully ex-
plored [20]. In particular, the effectiveness and applicabil-
ity of restrictive transfusion strategies in patients with mod-
erate to severe anemia require comprehensive investigation.
Previous randomized controlled trials have compared the
effects of restrictive and liberal red blood cell transfusion
strategies in elderly orthopedic patients. For example, Car-
son et al. [21] conducted the Functional Outcomes in Car-
diovascular Patients Undergoing Surgical Hip Fracture Re-
pair (FOCUS) trial in hip fracture patients with cardio-
vascular comorbidities and reported that, compared with
a liberal transfusion approach (hemoglobin threshold of
10 g/dL), a restrictive transfusion strategy (transfusion at
hemoglobin <8 g/dL or upon symptom onset) did not in-
crease the risk of 60-day mortality or adversely affect func-
tional outcomes. Similarly, a recent meta-analysis by Zhou
et al. [22] analyzed data from 19 studies involving 7833 or-
thopedic patients, and suggested that restrictive transfusion
reduces transfusion rates but may increase the risk of car-
diovascular events in high-risk individuals. Notably, the
effects of restrictive transfusion on infection rates, length
of hospital stay, functional recovery, and long-term out-
comes warrant further investigation. Particularly, evidence
addressing its impact on elderly Chinese patients remains
limited, and changes in baseline health status and periop-
erative risk profiles compared to Western populations un-
derscore the urgent need for investigations tailored to local
populations.
This retrospective study evaluates the clinical value of a
restrictive blood transfusion strategy in elderly orthopedic
surgery patients with preoperative anemia, focusing primar-
ily on its effect on perioperative indicators and postoper-
ative outcomes. By exploring the key factors that guide
transfusion decisions and assessing the safety and efficacy
of restrictive transfusion, this study aims to optimize peri-
operative anemia management, reduce unnecessary trans-
fusions, and improve postoperative recovery and overall
prognosis in elderly patients.

Materials and Methods
Recruitment of Study Participants

This retrospective analysis included 782 elderly patients
aged ≥60 years who underwent hip arthroplasty, knee
arthroplasty, or spinal surgery at Xuanwu Hospital Capi-
tal Medical University, Beijing, China, between January
2018 and June 2024. This study was approved by the Ethics
Committee of XuanwuHospital CapitalMedical University
(approval no. 2024-446-003) and was conducted in accor-

dance with the ethical principles outlined in the Declaration
of Helsinki. Patients’ confidentiality was rigorously main-
tained, with all data anonymized following relevant regula-
tions.
The inclusion criteria for patient selection were as follows:
(1) patient age ≥60 years; (2) a confirmed diagnosis of
preoperative anemia, defined as hemoglobin <13 g/dL or
red blood cell (RBC) count <4.8 × 106/L for men, and
hemoglobin <12 g/dL or RBC <4.3 × 106/L) for women;
(3) patient undergoing hip arthroplasty, knee arthroplasty,
or spinal surgery. The exclusion criteria included: (1) his-
tory of severe cardiovascular disease, renal failure, or other
severe complications; (2) history of acute hemorrhagic dis-
ease, hematologic disorders, or malignant tumors; and (3)
patients with incomplete clinical data. A flowchart of the
study design and patient selection process is illustrated in
Fig. 1.

Transfusion Strategy and Patient Grouping
Two transfusion strategies were included in this study: the
restrictive and liberal transfusionmethods. In the restrictive
approach, transfusion was considered when hemoglobin
levels dropped below 8 g/dL. The final decision to trans-
fuse was guided by clinical judgment based on signs of
anemia-related hypoxia or inadequate physiological com-
pensation, such as tachycardia, hypotension, dyspnea, chest
pain, or electrocardiographic evidence of myocardial is-
chemia. However, the liberal transfusion is allowed
when hemoglobin dropped <10 g/dL, aiming to main-
tain hemoglobin (Hb) levels ≥10 g/dL [21]. All patients
were managed using a standardized transfusion manage-
ment framework with leukocyte-depleted red blood cell
concentrates. Within this framework, patients were man-
aged according to either a restrictive or liberal transfusion
strategy, as documented in their medical records. There-
fore, patients were categorized into either the restrictive or
liberal transfusion group. Furthermore, to assess prognostic
differences across surgical types under the two transfusion
strategies, a subgroup analysis was performed based on the
type of surgery, such as hip replacement, knee replacement,
and spinal surgery.

Data Collection and Outcomes
Patient data were obtained from the hospital’s electronic
medical records system. Baseline characteristics included
age, sex, body mass index (BMI), American Society of
Anesthesiologists (ASA) score, Charlson Comorbidity In-
dex (CCI, a validated scoring system for quantifying co-
morbidity burden and predicting mortality risk), type of ad-
mission (elective or emergency), type of surgery, and major
comorbidities such as congestive heart failure, chronic kid-
ney disease, stroke, and diabetes.
Primary outcomes included 30-day all-cause mortality,
transfusion-related adverse reactions (hemolysis, allergic
reactions, and iron overload), and postoperative infection
rates. Secondary outcomes included hemoglobin levels on
postoperative days 7 and 30, readmission and reoperation
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Fig. 1. A flowchart of patient selection and grouping.

rates, cardiovascular events (heart failure or myocardial in-
farction), and thrombotic events.
After extraction from the electronic medical records sys-
tem, data were independently verified by two researchers.
During data processing, missing values were identified, and
logical checks were conducted to detect outliers, ensuring
that variables such as age and anemia severity fell within
clinically reasonable ranges.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statis-
tics 23 (IBM Corp., Armonk, NY, USA). The normality of
continuous variables was assessed using the Shapiro-Wilk
test. Normally distributed continuous variables were pre-
sented as mean ± standard deviation and between-group
comparison was performed using an independent sample
t-test or one-way analysis of variance (ANOVA). How-
ever, non-normally distributed continuous variables were
presented as median (inter-quartile range) and the Mann-
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Table 1. Comparison of demographic and clinical characteristics between the two study groups.
Variable Restrictive transfusion

group (n = 380)
Liberal transfusion
group (n = 402)

Statistic p-value

Age, years (median, interquartile range) 75.0 (65.0,83.0) 74.0 (67.0,83.0) 1.878 0.061
Sex (male, n [%]) 100 (26.3%) 105 (26.1%) 0.062 0.950
BMI (kg/m2, mean ± SD) 24.5 ± 3.2 24.6 ± 3.1 –0.443 0.658
ASA score (n [%]) –0.072 0.943

-I 50 (13.2%) 52 (12.9%)
-II 200 (52.6%) 210 (52.2%)
-III 100 (26.3%) 110 (27.4%)
-IV 30 (7.9%) 30 (7.5%)

CCI (n [%]) 0.110 0.913
-≤3 200 (52.6%) 210 (52.2%)
->3 180 (47.4%) 192 (47.8%)

Admission type (n [%]) –0.093 0.926
-Urgent 150 (39.5%) 160 (39.8%)
-Elective 230 (60.5%) 242 (60.2%)

Surgical procedure (n [%]) 0.098 0.922
-Hip replacement 180 (47.4%) 190 (47.3%)
-Knee replacement 120 (31.6%) 130 (32.3%)
-Spine surgery 80 (21.0%) 82 (20.4%)

Congestive heart failure (n [%]) 50 (13.2%) 55 (13.7%) –0.215 0.830
Chronic kidney disease (n [%]) 45 (11.8%) 50 (12.4%) –0.255 0.799
Stroke (n [%]) 50 (13.2%) 52 (12.9%) 0.092 0.927
Diabetes (n [%]) 80 (21.1%) 85 (21.1%) –0.031 0.975
Preoperative hemoglobin (g/dL, mean ± SD) 9.80 ± 1.2 9.84 ± 1.3 –0.447 0.655

Note: BMI, body mass index; ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index.

Whitney U test or Kruskal-Wallis H test was applied for
non-parametric comparisons.
Moreover, categorical variables were expressed as frequen-
cies and percentages and analyzed using the chi-square (χ2)
test or Fisher’s exact test, as appropriate. Independent risk
factors were evaluated using logistic regression analysis,
with results presented as odds ratio (OR) and 95% CI. A p-
value of <0.05 was considered statistically significant. To
minimize potential bias, pairwise deletion was applied for
descriptive analyses, while records with missing values for
key variables were excluded from inferential analyses.

Results
Demographic and Clinical Characteristics of the Study
Population
A comparison of baseline clinical characteristics between
the two patient groups is summarized in Table 1. There
were no significant differences between the two groups
in terms of sex, age, BMI, ASA score, CCI, admission
type (elective/emergency), surgical procedure (hip arthro-
plasty, knee arthroplasty, or spinal surgery), or major co-
morbidities (congestive heart failure, chronic kidney dis-
ease, stroke, and diabetes) (all p> 0.05). Furthermore, pre-
operative hemoglobin levels were comparable between the
two groups (9.80 ± 1.20 g/dL vs. 9.84 ± 1.30 g/dL, p =
0.655).

Comparison of Perioperative Variables Between the
Restrictive and Liberal Transfusion Groups

Analysis of perioperative indicators showed that the esti-
mated blood loss was significantly lower in the restrictive
transfusion group compared to the liberal transfusion group
(505.3 ± 135.6 mL vs. 542.8 ± 142.4 mL, p < 0.001).
Similarly, the proportion of patients receiving transfusion
(34.2% vs. 54.7%, p< 0.001) and the total transfusion vol-
ume (250.8 ± 85.3 mL vs. 410.5 ± 120.4 mL, p < 0.001)
were significantly decreased in the restrictive transfusion
group. Furthermore, the length of hospital stay was signif-
icantly shorter in the restrictive transfusion group than in
the liberal transfusion group (10.5 ± 3.1 days vs. 12.2 ±
3.6 days, p< 0.001), whereas no significant difference was
observed in operative time (p = 0.072). In terms of trans-
fusion unit distribution, the proportion of patients receiving
≥3 units of transfusion was significantly higher in the lib-
eral transfusion group (p < 0.001) (Table 2).

Analysis of Postoperative Primary and Secondary
Outcomes Across the Study Participants

In terms of primary outcomes, no significant difference was
observed in 30-day all-cause mortality between the restric-
tive and liberal transfusion groups (8.7% vs. 9.2%, p =
0.799). However, the restrictive transfusion group demon-
strated substantially lower rates of transfusion-related ad-
verse reactions (1.3% vs. 5.0%, p < 0.001) and postopera-
tive infections (2.6% vs. 6.5%, p = 0.017).
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Table 2. Comparison of perioperative indicators between the two study groups.
Variable Restrictive transfusion

group (n = 380)
Liberal transfusion
group (n = 402)

Statistic p-value

Estimated blood loss (mL) 505.3 ± 135.6 542.8 ± 142.4 –4.315 <0.001
Number of patients transfused, n (%) 130 (34.2%) 220 (54.7%) 33.254 <0.001
Blood transfusion volume (mL) 250.8 ± 85.3 410.5 ± 120.4 –21.493 <0.001
Length of hospital stay (days) 10.5 ± 3.1 12.2 ± 3.6 –7.058 <0.001
Operation time (minutes) 123.5 ± 28.7 127.3 ± 30.2 –1.804 0.072
Red blood cell units transfused, n (%):

0 units 230 (60.5%) 182 (45.3%) 18.231 <0.001
1 unit 80 (21.1%) 70 (17.4%) 3.473 0.196
2 units 40 (10.5%) 45 (11.2%) 0.090 0.764
3 units 20 (5.3%) 60 (14.9%) 19.858 <0.001
≥4 units 10 (2.6%) 45 (11.2%) 21.904 <0.001

Note: number of patients transfused: patients who received at least one unit of allogeneic red blood cells during the peri-
operative period.

Table 3. The incidence of postoperative primary and secondary outcomes between the two study groups.
Outcome Restrictive transfusion

group (n = 380)
Liberal transfusion
group (n = 402)

Statistic p-value

Primary outcomes
30-day all-cause mortality, n (%) 33 (8.7%) 37 (9.2%) –0.254 0.799
Transfusion-related adverse reactions, n (%) 5 (1.3%) 20 (5.0%) –2.967 <0.001
Infection rate, n (%) 10 (2.6%) 26 (6.5%) 5.701 0.017

Secondary outcomes
Hemoglobin level (g/dL)

- Postoperative day 7 9.25 ± 6.1 9.78 ± 6.4 –11.857 <0.001
- Postoperative day 30 9.80 ± 6.7 9.95 ± 7.0 –3.062 0.002

Readmission rate, n (%) 21 (5.5%) 27 (6.7%) –0.694 0.488
Reoperation rate, n (%) 9 (2.4%) 13 (3.2%) –0.734 0.463
Cardiovascular events, n (%) 2.670 <0.001

- Heart failure 26 (6.8%) 15 (3.7%)
- Myocardial infarction 12 (3.2%) 5 (1.2%)

Thrombosis, n (%) 4 (1.1%) 26 (6.5%) –4.055 <0.001

For secondary outcomes, postoperative hemoglobin levels
on day 7 and day 30 were significantly lower in the restric-
tive transfusion group compared to the liberal transfusion
group (p < 0.01). However, the groups showed no signifi-
cant differences in readmission (5.5% vs. 6.7%, p = 0.488)
or reoperation rates (2.4% vs. 3.2%, p = 0.463). Addition-
ally, the incidence of thrombosis was substantially lower in
the restrictive transfusion group (1.1% vs. 6.5%, p< 0.001)
(Table 3).

Multivariate Analysis of Risk Factors for Adverse
Transfusion Reactions
Amultivariate logistic regression analysis was conducted to
identify independent risk factors for adverse transfusion re-
actions. As shown in Table 4, both transfusion strategy (OR
= 3.96, 95% CI: 1.468–10.682, p = 0.007) and sex (OR =
2.311, 95%CI: 1.026–5.207, p = 0.043) were independently
associated with the occurrence of adverse transfusion reac-
tions. However, age, BMI, and CCI showed no association
with transfusion-related adverse events (p > 0.05).

Perioperative and Prognostic Outcomes of Transfusion
Strategies in Surgical Subgroups
In the subgroup analysis of hip replacement, knee replace-
ment, and spine surgery, perioperative indicators showed
significant differences between the restrictive and liberal
transfusion groups (Table 5). The restrictive transfusion
group had significantly lower estimated blood loss in hip
replacement and spine surgery patients compared to the lib-
eral transfusion group (p< 0.001), whereas in knee replace-
ment patients, the estimated blood loss was higher (p <

0.001). Moreover, transfusion volume and length of hos-
pital stay were significantly reduced in the restrictive trans-
fusion group across all surgical types (p < 0.001).
Regarding prognostic outcomes, 30-day all-cause mortality
showed no significant difference between the two groups
across all surgical types (p > 0.05). However, among hip
replacement patients, the infection rate was significantly
lower in the restrictive transfusion group compared to the
liberal transfusion group (p = 0.014), while no significant
differences were observed in knee replacement and spine
surgery patients (p > 0.05).
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Table 4. Logistic regression analysis of risk factors for adverse transfusion reactions.
Univariate regression Multivariate regression

B Wald χ2 p-value OR 95% CI B Wald χ2 p-value OR 95% CI

Transfusion strategy 1.368 7.329 0.007 3.93 1.459–10.571 1.376 7.392 0.007 3.96 1.468–10.682
Age 0.010 0.061 0.805 1.01 0.933–1.094
Sex 0.824 4.014 0.045 2.28 1.018–5.107 0.838 4.089 0.043 2.31 1.026–5.207
BMI –0.020 0.094 0.759 0.98 0.864–1.113
CCI 0.519 1.568 0.211 1.68 0.746–3.789

Table 5. Perioperative subgroup analysis across three surgical types.
Variable Group Hip replacement

(n = 310)
Knee replacement

(n = 310)
Spine surgery (n

= 162)
Statistics p-value

Estimated blood
loss (mL)

Restrictive 499.4 ± 141.5 527.8 ± 121.6 484.7 ± 138.8 77.782 <0.001
Liberal 569.7 ± 53.2 391.6 ± 79.1 746.7 ± 59.1
Statistics –6.257 10.411 –15.565
p-value <0.001 <0.001 <0.001

Blood transfusion
volume (mL)

Restrictive 260.1 ± 33.1 157.1 ± 43.5 370.2 ± 40.0 355.453 <0.001
Liberal 434.5 ± 42.7 275.2 ± 42.7 569.4 ± 55.6
Statistics –44.057 –15.913 –26.199
p-value <0.001 <0.001 <0.001

Length of hospi-
tal stay (days)

Restrictive 10.9 ± 1.2 7.0 ± 1.6 14.7 ± 1.3 1142.870 <0.001
Liberal 12.7 ± 1.3 8.3 ± 2.0 17.3 ± 1.6
Statistics –13.270 –5.585 –11.129
p-value <0.001 <0.001 <0.001

30-day all-cause
mortality, n (%)

Restrictive 8 (6.67) 9 (5.00) 16 (20) 16.615 <0.001
Liberal 17 (8.95) 3 (2.31) 17 (20.73) 20.453 <0.001
Statistics 0.254 1.470 0.013
p-value 0.614 0.225 0.908

Infection rate, n
(%)

Restrictive 0 (0.00) 4 (2.22) 6 (7.5) 10.761 0.005
Liberal 9 (4.74) 3 (2.31) 14 (17.07) 19.906 <0.001
Statistics - 0.000 2.70
p-value 0.014 1.000 0.107

Transfusion-
related adverse
reactions, n (%)

Restrictive 0 (0.00) 1 (0.56) 4 (0.50) 10.764 0.005
Liberal 5 (2.63) 4 (3.08) 11 (13.40) 15.552 <0.001
Statistics - - 2.485
p-value 0.161 0.165 0.115

Overall, the restrictive transfusion strategy was associated
with reduced transfusion volume and a shorter hospital stay,
with a potential reduction in infection rates among spine
surgery patients. However, it had no significant effect on
30-day all-cause mortality across any surgical type.

Discussion
Blood transfusion is a frequent practice in clinical settings,
particularly among elderly patients [21]. Preoperative ane-
mia is highly prevalent among elderly individuals under-
going orthopedic surgery, affecting perioperative manage-
ment and potentially increasing the risk of postoperative
complications [23]. Therefore, optimizing the management
of perioperative anemia to improve patient outcomes has
become a key clinical concern. Although blood transfu-
sion is a standard intervention for managing anemia, the ef-
fect of different transfusion strategies on clinical outcomes

remains controversial, necessitating further research and
strategy optimization [24].

The restrictive transfusion strategy limits blood transfu-
sion to cases where hemoglobin levels fall below a spe-
cific threshold (typically 7–8 g/dL), and is usually applied
when the patient exhibits significant hypoxia or hemody-
namic instability [25]. This approach aims to minimize
unnecessary transfusions and help reduce associated ad-
verse effects, such as immunosuppression, infection, iron
overload, and hemolytic reactions [26]. However, exces-
sive restriction may lead to severe anemia, compromis-
ing tissue oxygenation and potentially delaying postopera-
tive recovery [27]. A systematic review and meta-analysis
evaluating the efficacy and safety of restrictive versus lib-
eral transfusion strategies in orthopedic surgical patients re-
ported that, although a restrictive transfusion strategy re-
duced transfusion volume, it was associated with a 51%
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increased risk of cardiovascular events, particularly in hip
fracture patients, regardless of pre-existing cardiovascular
disease. These findings emphasize the significance of indi-
vidualized transfusion decisions, considering surgical type,
comorbidities, and cardiovascular risk when determining
hemoglobin thresholds [28].
In our retrospective analysis, patients were categorized into
restrictive and liberal transfusion groups based on actual
transfusion strategies, and their perioperative and prognos-
tic outcomes were compared. The results showed that the
restrictive transfusion strategy significantly reduced trans-
fusion volume and length of hospital stay, while also de-
creasing the risk of transfusion-related adverse reactions
and postoperative infections. Clinically, the reduction in
transfusion volume is particularly important, as it mini-
mizes patient exposure to donor blood, and potentially re-
duces risks of immune-mediated reactions, infections, and
other transfusion-related complications. Similarly, the ob-
served shorter hospital stay in the restrictive group (ap-
proximately 1–2 days) may enhance faster recovery, de-
crease healthcare costs, and improve hospital bed turnover,
offering benefits for both patients and healthcare systems.
Notably, there was no significant difference in 30-day all-
cause mortality between the two groups, supporting the
safety of the restrictive transfusion strategy in this popu-
lation.
To explore potential variations across surgical types, a
subgroup analysis was conducted for individuals undergo-
ing hip replacement, knee replacement, and spine surgery.
Among hip replacement patients, those managed with a re-
strictive transfusion strategy had a significantly lower infec-
tion rate. These findings align with a similar retrospective
study [29] evaluating the effectiveness of a restrictive trans-
fusion strategy in elderly patients with hip fractures, which
revealed no significant increase in perioperative complica-
tions or adverse events, suggesting the safety of this strat-
egy in this population. Moreover, our multivariate analysis
identified transfusion strategy as an independent risk factor
for transfusion-related adverse reactions, highlighting the
crucial role of effective and individualized transfusionman-
agement.
Although this study provides preliminary evidence support-
ing individualized transfusion management in elderly or-
thopedic patients with preoperative anemia, several limi-
tations should be acknowledged. First, this was a retro-
spective study; the lack of detailed stratification by specific
surgical procedures may have introduced selection bias and
limited the generalizability of the findings. Secondly, the
study focused solely on short-term outcomes and did not
include long-term follow-up data regarding functional re-
covery and quality of life, which are critical for comprehen-
sive evaluation of the clinical impact of different transfu-
sion strategies. Future research should include prospective,
multicenter studies with larger cohorts and longer follow-
up to validate these findings. Additionally, further stud-
ies are needed to assess the cost-effectiveness of transfu-
sion thresholds and to elucidate the underlying physiologi-

cal mechanisms, ultimately optimizing perioperative trans-
fusion management.

Conclusions
The restrictive transfusion strategy reduces transfusion-
related risks without increasing short-term mortality. This
study provides evidence supporting individualized transfu-
sion management in elderly patients undergoing orthopedic
surgery, and serves as a reference for optimizing perioper-
ative anemia management.
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