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Background: Blood transfusion during hip fracture surgery can significantly influence patient outcomes. This study aimed to identify
risk factors for post-operative blood transfusions and their impact on clinical outcomes, including all-cause mortality.

Methods: A post-hoc analysis was conducted on data from a multicentric observational study in Jordan. Demographics, preoperative
variables, intraoperative details, and postoperative outcomes were analyzed. Logistic regression identified risk factors for transfusions,
and Cox proportional hazards models assessed associations with mortality.

Results: The study included 1040 patients who underwent hip fracture repair (35.87% received transfusion and 64.13% did not
receive transfusion). Patients who received transfusion were older (median age 79 vs 77 years, p=0.0015), more frequently females
(60.59%), and had lower preoperative hemoglobin levels (10.85+1.75 vs 12.62+1.61 g/dL, p<0.001). Clopidogrel use (10.99% vs 6%,
p=0.004), unstable intertrochanteric fractures (53.08% vs 42.13%, p=0.001), and ICU admissions (19.03% vs 6.45%; p<0.001) were
significantly more common in patients who received transfusion. Transfused patients experienced longer hospital stays (median 7
[IQR=5-10] vs 6 [IQR=4-8] days, p<0.001), higher readmission rates (13.4% vs 8.85%; p=0.021), and increased all-cause mortality
(18.23% vs 11.24%; p=0.002). However, this observed increase in mortality did not remain significant after multivariate adjustment.
At multivariate analysis, blood transfusion was independently associated with ICU admission (OR=2.17, 95% CI=1.28-3.66,p=0.004),
and longer hospital stay (OR=1.05, 95% CI=1.02-1.09, p=0.005), while no independent association between blood transfusion and all-
cause mortality was found (HR=1.15, 95% CI=0.79-1.66, p=0.465).

Conclusion: Blood transfusion in hip fracture surgery are linked to longer hospital stay and ICU admission, but not to increased all-
cause mortality. Careful management of hemoglobin levels and transfusion practices is crucial.
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Introduction

Anemia, characterized by a deficiency in hemoglobin concentration, is a prevalent illness in older persons, particularly in
those having surgery for a hip fracture." According to the World Health Organization (WHO), anemia in adults is defined
as a hemoglobin (Hb) level of less than 12 g/dL in women and less than 13 g/dL in men at sea level.?
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Anemia can develop due to various underlying factors, including gastrointestinal bleeding and chronic medical
conditions such as chronic kidney disease (CKD).** The trauma of the hip fracture itself, along with blood loss during
surgery and perioperative fluid shifts, can exacerbate pre-existing anemia or lead to new-onset anemia.” Patients having
surgery for an acute hip fracture frequently have anemia (39-69%).* Globally, the annual number of hip fractures is
projected to rise from approximately 1.6 million in 1990 to more than 4.5-6 million by 2050, reflecting population aging
and increased fall risk. In the United States alone, estimates predict 500,000—1 million new cases annually by 2050, with
costs exceeding $10 billion.”” Understanding the effects of anemia and the part blood transfusions play in the outcomes
of hip fracture surgery becomes more crucial as the population ages and the prevalence of hip fractures is predicted to
increase.

There has been extensive research on the link between anemia and mortality in surgical patients. An estimated 60%
increase in the likelihood of postoperative 30-day death in noncardiac surgical patients was found in one study.® The
physiological effects of anemia, such as a decreased capacity for carrying oxygen, might limit the function of essential
organs and compromise tissue perfusion, which can have a negative impact on postoperative results.

Allogenic blood transfusion (ABT) is frequently employed as a therapeutic intervention in hip fracture surgery to
address anemia and its associated effects.” However, despite its common use, there is ongoing debate regarding the
benefits and risks of blood transfusion. One study found higher rates of death and more severe morbidity were seen in
patients who underwent intraoperative infusion of 1 unit of packed red blood cells. Moreover, these rates increased
significantly in a dose-dependent manner when more than one unit was transfused intraoperative.'® ABT has been linked
to increased postoperative complications such as infection, postoperative delirium, systemic inflammation, and respira-
tory problems. In certain transfused patients, significant side effects such transfusion-related acute lung injury (TRALI)
and transfusion-associated circulatory overload (TACO) have been reported.'''*

Furthermore, there is still disagreement over the ideal blood transfusion threshold. Over time, transfusion procedures
have changed, with an increasing trend toward limiting transfusion strategies in particular surgical populations, such as
patients with hip fractures. Restrictive transfusion strategies seek to reduce the number of transfusions and eliminate any
dangers that might be involved with transfusion, particularly in patients who do not have obvious anemic symptoms or
stable hemodynamics. Recent AABB (American Association of Blood Banks) guidelines, based on evidence from more
than 45 randomized controlled trials involving over 20,000 adults, support the use of a restrictive transfusion strategy.
For most hemodynamically stable adults, transfusion is recommended only when hemoglobin levels fall below 7 g/dL, as
outcomes are comparable to more liberal thresholds. Slightly higher cutoffs, 7.5 g/dL for cardiac surgery and 8 g/dL for
orthopedic or cardiovascular patients, may be used when clinically appropriate. These recommendations emphasize that
restrictive thresholds are safe, reduce unnecessary transfusions, and do not compromise patient outcomes across a wide
range of populations.'?

The aim of this post-hoc analysis was to investigate the risk factors for receiving a post-operative blood transfusion
and its impact on all-cause mortality in hip fracture surgery.

Methods
Study Design and Participant Selection

This study was a retrospective, multicenter analysis focusing on patients who underwent hip fracture repair surgeries
between 2019 and 2021. Data were collected from three centers in Jordan. Yarmouk University Institutional Review
Board in Irbid, Jordan, following Good Clinical Practice and the Declaration of Helsinki guidelines, approved this study
(IRB Reference: IRB/2023/315). Patient data confidentiality was fully protected throughout the study. All collected data
were de-identified prior to analysis, stored securely, and handled in compliance with institutional regulations and the
Declaration of Helsinki.

Inclusion and Exclusion Criteria
Participants were selected based on the following criteria: age 65 years and older, diagnosis of femur or hip fractures
resulting from a fall from standing height and having undergone hip fracture surgery at the specified institutions with
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informed consent. Exclusion criteria included non-surgical cases, surgeries performed at other institutions, or cases with
missing medical records. To ensure a uniform study population, additional exclusion criteria were applied. Patients with
open hip fractures, pathological fractures secondary to malignancy or metabolic bone disease, or polytrauma involving
fractures at other anatomical sites were excluded. Furthermore, patients presenting with fractures older than two weeks
from the time of injury were not included, as delayed presentations may influence perioperative management and
outcomes. Only closed, acute hip fractures resulting from low-energy mechanisms (such as a fall from standing height)
were analyzed. Moreover, for this post-hoc analysis, patients without documented preoperative hemoglobin levels, blood
transfusion status, or essential postoperative outcome data were excluded. Decisions regarding perioperative blood
transfusion followed institutional guidelines, where transfusion was indicated for symptomatic anemia (eg, hypotension,
tachycardia, dyspnea, chest pain, or fatigue unresponsive to fluid resuscitation) or hemoglobin levels <8 g/dL, consistent
with AABB recommendations. Figure 1 demonstrates a flowchart showing patient selection and inclusion in the study
cohort.

1,284 patients screened for
hip fracture surgery
(2019-2021)

Excluded (n=244):

« Open or pathological
fractures (n=67)

 Fractures >2 weeks
old (n=51)

 Polytrauma or multiple
fractures (n=42)

« Missing hemoglobin
or transfusion data
(n=84)

1,040 patients included in
final analysis

Transfusion group: 373

No transfusion group: 667

Figure | Flowchart showing patient selection and inclusion in the study cohort.
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Preoperative Procedures

Preoperative management included the administration of 1 liter of normal saline prior to spinal anesthesia and 500 mL
before general anesthesia. Patients on anticoagulant therapy received subcutaneous calcium heparin 12 hours after
admission. Oral anticoagulants were temporarily discontinued: low molecular weight heparin was stopped 24 hours
before surgery, aspirin 7 days prior, and clopidogrel (Plavix) 14 days prior, as per standard protocols.

Only packed red blood cell transfusions were considered, plasma or platelet transfusions were not included.
Preoperative hemoglobin levels were routinely measured within 24 hours prior to surgery. Transfusion decisions followed
standardized institutional protocols applied across all participating centers. According to these guidelines, transfusion
was indicated for symptomatic anemia (manifested by hypotension, tachycardia, dyspnea, chest pain, or signs of poor
perfusion unresponsive to fluid therapy) or when hemoglobin levels fell below 8 g/dL. These criteria were consistent with
the 2023 AABB international transfusion guidelines, ensuring a uniform approach to perioperative blood management.

Intraoperative Management

Standard intraoperative monitoring included electrocardiography (ECG), pulse oximetry, and non-invasive blood pres-
sure measurements. Spinal anesthesia was administered in the lateral position using a 22/25-gauge Quincke spinal needle
at the L3-L4 level, with a dose of 10 mg of bupivacaine combined with 25 ug of fentanyl. For patients receiving general
anesthesia, intravenous administration of 100 mg of propofol and 100 pg of fentanyl was followed by tracheal intubation
and muscle relaxation with rocuronium. Sevoflurane was used for maintenance of anesthesia, adjusted based on
hemodynamic parameters.

The choice between spinal and general anesthesia was guided by institutional practice standards and patient clinical
status. Spinal anesthesia was preferred for hemodynamically stable patients without contraindications to neuraxial
blockade (eg, coagulopathy, infection at puncture site, or severe spinal deformity). General anesthesia was used when
spinal anesthesia was contraindicated, failed, or when patient factors (such as severe anxiety, cognitive impairment, or
inability to maintain the required position) precluded safe neuraxial administration. The final decision was made jointly
by the anesthesiologist and attending orthopedic surgeon to optimize perioperative safety.

Postoperative Care

Postoperative pain management included 5 mg of morphine sulfate. For deep vein thrombosis (DVT) prophylaxis, 40 mg
of apixaban was administered for 14 days, extended to 35 days for patients at high risk. Postoperative monitoring focused
on identifying complications such as cardiovascular events, blood transfusion requirements, and mortality, with
a particular emphasis on the first postoperative day.

Data Compilation and Definitions

Clinical data were extracted from electronic medical records and included information on demographics, preoperative
characteristics, fracture type, intraoperative data, and postoperative outcomes such as ICU admissions, hemoglobin
levels, blood transfusions, and mortality rates up to 12 months post-surgery. All-cause mortality was determined through
review of electronic medical records, and when records were incomplete, telephone follow-up with patients or next of kin
was conducted to confirm survival status up to 12 months post-surgery.

Statistical Analyses

Due to the retrospective design of the study, a formal sample size calculation was not performed; instead, all patients who
underwent hip fracture repair during the study period were included in the analysis. The normality of continuous
variables was assessed using histograms, quantile-quantile plots, and the Kolmogorov—Smirnov and Shapiro—Wilk
tests. For normally distributed continuous variables, means and standard deviations (SD) were reported, while medians
and interquartile ranges (IQR) were used for non-normally distributed continuous variables. Categorical variables were
described using frequencies and percentages.
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Comparisons between groups were performed using the Student’s #-test for normally distributed continuous variables
and the Mann—Whitney U-test for non-normally distributed continuous variables. The chi-square test was used to
compare categorical variables.

To identify risk factors associated with post-operative blood transfusion, logistic regression analysis was conducted.
All potential risk factors were converted into dichotomous variables and entered into the univariate analysis. These
factors composed age, gender, smoking status, comorbidities, preoperative hemoglobin levels, type of anesthesia, fracture
stability, use of anticoagulants, preoperative and postoperative ICU admission, duration of hospital stay, need for
readmission within one month, and mortality outcomes.

Variables that were statistically significant in the univariate analysis were further analyzed using multivariable logistic
regression, adjusting for potential confounders. Variables with a p-value < 0.10 in univariate analyses and those considered
clinically relevant (eg, age, sex, comorbidities, preoperative Hb, type of anesthesia) were included in the multivariable model.
A forward stepwise logistic regression approach was used, with entry and removal criteria of p < 0.05 and p > 0.10, respectively.
This procedure allowed for identification of independent predictors while minimizing collinearity and overfitting. Model
calibration and discrimination were assessed using the Hosmer—Lemeshow test and c-statistics, respectively. Cox proportional
hazards regression was used for time-to-event analysis of mortality.

All statistical analyses were conducted using Stata version 17 (Stata Corp, 2021). A two-sided p-value <0.05 was
considered statistically significant.

Results
General Characteristics of the Study Sample

A total of 1040 patients were included in this post-hoc analysis, with 373 who received transfusion and 667 who did not receive
transfusion. The general clinical and demographic features of patients receiving hip fracture repair are provided in Table 1.

Patients in the transfusion group were older [median age: 79 (IQR=73-85) vs 77 (IQR=73-82) years, p=0.0015], and
included a higher proportion of females (60.59% vs 52.5%, p=0.012) compared to patients who did not receive
transfusion. The transfusion group had a higher prevalence of clopidogrel use (10.99% vs 6%, p=0.004), and other
anticoagulants (9.38% vs 5.7%, p=0.026).

Table | Demographic and Clinical Characteristics of Patients Undergoing Hip Fracture Repair

No Blood Transfusion | Blood Transfusion | Total p-value

(N=667) (N=373) (N=1040)
Age, years, median (IQR) 77 (82-73) 79 (85-73) 78 (83-73) 0.0015
Gender, n (%) 0.012
Male 316 (47.45%) 147 (39.41%) 463 (44.56%)
Female 350 (52.5%) 226 (60.59%) 576 (55.44%)
Smoking Status, n (%) 0.331
Smoker 183 (27.44%) 92 (24.66%) 275 (26.44%)
Non-Smoker 484 (72.56%) 281 (75.34%) 765 (73.56%)
ASA score, n (%) 0.297
| 0 0 0
2 333 (49.93%) 169 (45.31%) 502 (48.27%)
3 331 (49.63%) 201 (53.89%) 532 (51.15%)
4 3 (0.45%) 3 (0.8%) 6 (0.58%)

(Continued)
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Table | (Continued).

No Blood Transfusion | Blood Transfusion | Total p-value

(N=667) (N=373) (N=1040)
Comorbidities, n (%)
Diabetes Miletus 324 (48.58%) 187 (50.13%) 511 (49.13%) | 0.630
Hypertension 451 (67.62%) 265 (71.05%) 716 (68.85%) | 0.252
Cardiovascular disease 196 (29.39%) 125 (33.51%) 321 (30.87%) | 0.167
Cerebrovascular accident 129 (19.37%) 66 (17.69%) 195 (18.77%) | 0.507
Pulmonary diseases 28 (4.2%) 17 (4.56%) 45 (4.33%) 0.784
Thyroid diseases 26 (3.9%) 20 (5.36%) 46 (4.42%) 0.271
Renal failure 50 (7.5%) 33 (8.85%) 83 (7.98%) 0.441
Parkinson 26 (3.9%) 9 (2.41%) 35 (3.37%) 0.203
Dementia 8 (1.2%) 3 (0.8%) Il (1.06%) 0.550
Alzheimer 16 (2.4%) 12 (3.22%) 28 (2.69%) 0.434
Osteoporosis 69 (10.34%) 51 (13.67%) 120 (11.54%) | 0.107
Medications Used, n (%)
Aspirin 309 (46.33%) 164 (43.97%) 473 (45.48%) | 0.464
Clopidogrel (Plavix) 40 (6%) 41 (10.99%) 81 (7.79%) 0.004
Other anticoagulants 38 (5.7%) 35 (9.38%) 73 (7.02%) 0.026
Steroids 14 (2.1%) 14 (3.75%) 28 (2.69%) 0.114
Bisphosphonates 16 (2.4%) 7 (1.88%) 23 (2.21%) 0.583
Admission to surgery, days, median (IQR) | 2 (4-1) 2 (4-1) 2 (4-1) 0.9837

Note: Values are presented as median (interquartile range) or number (percentage).
Abbreviation: ASA, American Society of Anesthesiologists.

Preoperative Characteristics

Preoperative characteristics of patients are summarized in Table 2. Patients who received blood transfusion had
significantly lower pre-operatively Hb levels (10.85 £ 1.75 vs 12.62 + 1.61 g/dL, p<0.001), and were frequently treated
with opioids (45.58% vs 37.78%, p=0.014). They also received antibiotics more frequently, including cephalosporins

(p=0.025) or vancomycin in combination with cephalosporins (p=0.002).

Table 2 Preoperative Variables of Patients Undergoing Hip Fracture Repair

No Blood Transfusion | Blood Transfusion | Total p-value
(N=667) (N=373) (N=1040)
Hemoglobin, g/dL, mean £ SD | 12.62 + 1.6l 10.85 + 1.75 11.98 + 1.86 0.000
Analgesia used, n (%)
Paracetamol 658 (89.65%) 368 (98.66%) 1026 (98.65%) | 0.991
NSAIDs 8 (1.2%) 1 (0.27%) 9 (0.87%) 0.120
Opioids 252 (37.78%) 170 (45.58%) 422 (40.58%) | 0.014
(Continued)
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Table 2 (Continued).

No Blood Transfusion | Blood Transfusion | Total p-value
(N=667) (N=373) (N=1040)
Antibiotic, n (%)
Cefuroxime or cefazolin 537 (80.51%) 278 (74.53%) 815 (78.37%) 0.025
Vancomycin 15 (2.25%) 8 (2.14%) 23 (2.21%) 0913
Cefuroxime and vancomycin 69 (10.34%) 64 (17.16%) 133 (12.79%) | 0.002
Ceftriaxone 13 (1.95%) 8 (2.14%) 21 (2.02%) 0.830
Other I (0.15%) 4 (1.07%) 5 (0.48%) 0.039

Note: Values are presented as mean * standard deviation (SD) or number (percentage).
Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs.

Intraoperative Characteristics

Intraoperative characteristics are detailed in Table 3. Patients receiving transfusion underwent more frequently spinal
anesthesia (66.76% vs 58.77%, p = 0.011), had a higher prevalence of unstable intertrochanteric fractures (53.08% vs
42.13%, p = 0.001), and used less frequently cannulated screws (0% vs 1.05%, p = 0.047).

Table 3 Intraoperative Variables of Patients Undergoing Hip Fracture Repair

No Blood Transfusion | Blood Transfusion | Total p-value

(N=667) (N=373) (N=1040)
Anesthesia Type, n (%) 0.011
Spinal 392 (58.77%) 249 (66.76%) 641 (61.63%)
General 275 (41.23%) 124 (33.24%) 399 (38.37%)
Fracture type, n (%)
Stable femoral neck 39 (5.85%) 10 (2.68%) 49 (4.71%) 0.021
Unstable femoral neck 181 (27.14%) 103 (27.61%) 284 (27.31%) | 0.868
Stable intertrochanteric 161 (24.14%) 56 (15.01%) 217 (20.87%) | 0.001
Unstable intertrochanteric 28| (42.13%) 198 (53.08%) 479 (46.06%) | 0.001
Subtrochanteric 5 (0.75%) 6 (1.61%) Il (1.06%) 0.194
Fixation type, n (%)
Dynamic Hip Screw (DHS) 44 (6.6%) 23 (6.17%) 67 (6.44%) 0.786
Intramedullary Nailing (IMN) 424 (63.57%) 243 (65.15%) 667 (64.13%) | 0.611
Hip Hemiarthroplasty 192 (27.79%) 105 (28.15%) 297 (28.56%) | 0.828
Total Hip Replacement (THR) 0 (0%) 2 (0.54%) 2 (0.1%) 0.058
Cannulated screws 7 (1.05%) 0 (0%) 7 (0.67%) 0.047
Cement status, n (%) 0.052
Cemented 149 (77.6%) 72 (67.29%) 221 (73.91%)
Cementless 43 (22.4%) 35 (32.71%) 78 (26.09%)

(Continued)
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Table 3 (Continued).

No Blood Transfusion | Blood Transfusion | Total p-value
(N=667) (N=373) (N=1040)
Hemiarthroplasty type, n (%) 0.073
Unipolar 22 (11.46%) 20 (19.05%) 42 (14.14%)
Bipolar 170 (88.54%) 85 (80.95%) 255 (85.86%)

Note: Values are presented as number (percentage).
Abbreviations: DHS,dynamic hip screw; IMN, intramedullary nailing; THR, total hip replacement.

Postoperative Outcomes

Postoperative outcomes are presented in Table 4. Patients who received transfusions were more likely to be admitted to
the ICU (19.03% vs 6.45%, p < 0.001) and had a longer hospital stay [median: 7 (IQR = 5-10) vs 6 (IQR = 4-8) days,
p < 0.001]. They also had higher readmission rates within one month (13.4% vs 8.85%, p = 0.021). Postoperative
analgesic use (NSAIDs and opioids) was higher among transfused patients, who also had lower postoperative hemoglo-

bin levels [median 9.3 (IQR=8.5; 10.5) vs 10.8 (IQR=9.8; 11.7) g/dL, p<0.001].

In-hospital, 30-day, and all-cause mortality rates were higher in the transfusion group than the non-transfusion group

[4.02% vs 1.65% (p=0.019); 7.51% vs 3.3% (p=0.002); and 18.23% vs 11.24% (p=0.002), respectively].

Risk Factors for Post-Operative Blood Transfusion
Risk factors for receiving blood transfusion are shown in Electronic Supplementary Material [ESM], Table S1. Use of

Table 4 Postoperative Variables of Patients Undergoing Hip Fracture Repair

clopidogrel was with a higher likelihood blood transfusion (OR = 1.80, 95% CI = 1.02-3.18, p = 0.044). In contrast,

No Blood Transfusion | Blood Transfusion | Total p-value
(N=667) (N=373) (N=1040)
ICU admission, n (%) 43 (6.45%) 71 (19.03%) 114 (10.96%) 0.000
Analgesia used, n (%)
Paracetamol 662 (99.25%) 369 (98.93%) 1031 (99.13%) | 0.590
Non-Steroidal Ant-Inflammatory Drugs Il (1.65%) 1 (0.27%) 12 (1.15%) 0.045
Opioids 377 (56.52%) 251 (67.29%) 628 (40.38%) 0.001
Hemoglobin, g/dl, median (IQR) 10.8 (9.8; 11.7) 9.3 (8.5; 10.5) 10.3 (9.2; 11.4) | 0.000
DVTI/PE, n (%) 16 (2.4%) 9 (2.41%) 25 (2.41%) 0.992
Duration of hospital stay, days, median (IQR) | 6 (4; 8) 7 (5. 10) 6 (5.9%) 0.000
Readmission at | month, n (%) 59 (8.85%) 50 (13.4%) 109 (10.48%) 0.021
Revision for same operation, n (%) 15 (2.25%) 13 (3.49%) 28 (2.69) 0.237
Mortality, n (%)
In Hospital mortality Il (1.65%) 15 (4.02%) 26 (2.5%) 0.019
30-day mortality 22 (3.3%) 28 (7.51%) 50 (4.81%) 0.002
All-cause mortality 75 (11.24%) 68 (18.23%) 143 (13.75%) 0.002

Note: Values are presented as median (interquartile range) or number (percentage).

Abbreviations: ICU, intensive care unit; DVT/PE, deep vein thrombosis or pulmonary embolism.
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higher pre-operative Hb levels were associated with a reduced likelihood of blood transfusions (OR = 0.52, 95% CI =
0.47-0.58, p = 0.000). Patients with stable femoral neck fractures had a lower risk of requiring transfusions compared to
those with other fracture types (OR = 0.39, 95% CI = 0.16-0.95, p = 0.038).

Association Between Blood Transfusion and Clinical Outcomes

Blood transfusion was independently associated with higher odds of ICU admission (OR = 2.17, 95% CI = 1.28-3.66,
p = 0.004), and longer hospital stay (OR = 1.05, 95% CI = 1.02-1.09, p = 0.005). Blood transfusion was not significantly
associated with increased risk of DVT/PE, readmission to the hospital at one month, or the need for revision surgery
(ESM Tables S2—-S5). Cox proportional hazards regression indicated that ICU admission and prolonged hospital stay
were independently associated with increased all-cause mortality (HR = 2.56, 95% CI = 1.67-3.92, p < 0.001; and HR =
1.06, 95% CI = 1.04-1.08, p < 0.001, respectively). Blood transfusion was not independently associated with increased
all-cause mortality (HR = 1.15, 95% CI = 0.79-1.66, p = 0.465).

Discussion

Our research investigated the demographic, clinical, and procedural factors that impact patient outcomes following hip
fracture repair. The key findings include:' patients who received transfusions were more likely to be older, female, and
have lower preoperative hemoglobin levels compared to those who did not receive transfusions;” the use of clopidogrel,
the presence of unstable intertrochanteric fractures, and ICU admissions were significantly more prevalent among
transfused patients;® transfused patients experienced longer hospital stay, higher readmission rates, and increased all-
cause mortality; and* while blood transfusion was independently associated with ICU admission and prolonged hospital
stay, it did not correlate with all-cause mortality.

Risk Factors for Postoperative Blood Transfusion

Although older age,'®'® female sex,'**° 21-24

and opioid use were more common among transfused patients, they were
not independently predictive after adjustment. Similarly, although a higher proportion of transfused patients received
spinal anesthesia, this association did not retain statistical significance after multivariate adjustment. Prior research offers
conflicting evidence on the impact of anesthesia type on transfusion risk, with some studies suggesting benefits of spinal
over general anesthesia,”> while a meta-analysis report no significant differences in blood loss.?

In the multivariable logistic regression analysis, several other variables emerged as independent predictors of
postoperative blood transfusion. Lower preoperative hemoglobin levels were strongly associated with an increased
likelihood of transfusion. Our findings align with previous evidence that reported a stepwise increase in transfusion
risk as hemoglobin levels declined.?” This reinforces the importance of preoperative anemia correction and patient blood
management strategies.“’9

Moreover, while previous studies have yielded mixed results regarding clopidogrel’s effect on transfusion require-
ments, our findings highlight its significant clinical relevance in hip fracture surgery. The use of clopidogrel and the
presence of unstable intertrochanteric fractures independently increased the likelihood of transfusion, likely reflecting
greater surgical complexity and bleeding risk.”> >* These results emphasize the importance of preoperative hemoglobin
optimization and meticulous perioperative planning, particularly for patients with unstable fractures or on antiplatelet
therapy.”® !

The observed associations also highlight the need for broader patient blood management programs that incorporate
individualized thresholds and non-transfusion strategies when feasible.*"*

Previous studies investigating the perioperative use of tranexamic acid (TXA) in pelvic and acetabular fracture
surgery have demonstrated that TXA administration significantly reduces intraoperative blood loss, transfusion require-
ments, and operative duration, while also shortening hospitalization and lowering overall cost.** Incorporating TXA into
perioperative protocols represents an evidence-based strategy consistent with the risk-adapted blood management
approach highlighted in our study.

In our cohort, fixation type was not significantly associated with transfusion need, except for cannulated screw

fixation, which was used only in stable fractures and showed no transfusion cases (p = 0.047). This supports that fracture
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stability and surgical invasiveness, rather than implant design, primarily determine blood loss. Similarly, studies
comparing PFNA (Proximal Femoral Nail Antirotation) and InterTAN nails reported no long-term differences in
complications or functional outcomes, reinforcing that patient and fracture factors have a greater impact on perioperative

results than the specific fixation system.>*

Association Between Transfusion and Clinical Outcomes

Postoperative blood transfusion was independently associated with increased ICU admissions and prolonged hospital
stay, even after adjusting for confounders. Similar findings have been reported in prior orthopedic and arthroplasty
cohorts, linking transfusion to critical care utilization and extended hospitalization.** >’ Notably, ICU admission and
extended hospitalization were also the strongest independent predictors of mortality in this cohort, suggesting that while
transfusion may be a marker of severity, it is not a direct driver of poor long-term outcomes.

Although unadjusted analysis showed that the in-hospital, 30-day, and all-cause mortality rates were significantly
higher patients who received transfusion than those who did not, these associations did not retain significance after
multivariable adjustment. In our Cox proportional hazards regression, blood transfusion was not independently associated
with increased all-cause mortality.

These findings suggest that transfusion may be a marker of higher clinical acuity or complexity, rather than a direct
cause of increased mortality. This interpretation aligns with previous studies that found elevated mortality in transfused
patients, although many of these studies did not fully adjust for confounding variables such as comorbidities or care
intensity.>® Our results underscore the importance of careful risk adjustment when evaluating mortality outcomes
associated with transfusion.

Our findings also have important implications for clinical practice. The identification of low preoperative hemoglobin,
clopidogrel use, and unstable intertrochanteric fractures as predictors of postoperative transfusion supports the implemen-
tation of Patient Blood Management (PBM) strategies and structured preoperative optimization pathways. Early correction
of anemia, careful coordination of antiplatelet therapy, and measures to minimize intraoperative blood loss should be
integrated into standard care protocols. Moreover, the association between transfusion, ICU admission, and prolonged
hospitalization highlights the importance of proactive ICU resource planning and close postoperative monitoring for high-
risk patients. Incorporating these findings into multidisciplinary hip fracture pathways may enhance outcomes, reduce
transfusion exposure, and improve resource utilization.Our study has several strengths. It is a large multicentric analysis
involving 1,040 patients from multiple centers, enhancing the generalizability of the findings. The research comprehen-
sively evaluates a range of preoperative, intraoperative, and postoperative variables related to postoperative blood
transfusion, providing key insights into patient outcomes. Notably, the study highlights the clinical relevance of blood
transfusion in relation to ICU admissions, prolonged hospital stay, and readmission rates, which can inform perioperative
management strategies. Focusing on an elderly population, it underscores the need for optimized care for those vulnerable
to hip fractures. The identification of modifiable risk factors, such as preoperative anemia and clopidogrel use, suggests
opportunities for early interventions to reduce transfusion needs and improve outcomes. Additionally, this research is
among the first in the Middle East to explore postoperative blood transfusion in hip fracture patients, filling a significant gap
in regional data and potentially influencing transfusion protocols and evidence-based approaches.

Limitations

There are several limitations that must be addressed. First, although menopause, race, multiparity, socioeconomic level,
addictions, and family history have all been commonly recognized risk factors for osteoporosis, these details have not
been included in the records of patients and analyses. Moreover, there is a lack of information on the preoperative
vitamin-D insufficiency or hormonal medication use that may have affected the frequency of fractures, which mostly
occur in females. Second, neither the number of patients treated conservatively, nor the causes of surgical avoidance are
known to us. Additionally, we lack information on the length of time between admission and surgery, the cause of the
delay, the method of surgery, and postoperative complications for patients who ended up being taken into consideration
for analysis because they were receiving surgical care. Further, there was no documentation in the medical record on the
patients’ choices for the kind of anesthesia.
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Moreover, the rationale behind the particular anesthetic technique selected was not disclosed. There may be concerns
over the decision-making process due to this lack of information. Furthermore, no information concerning precise dosage,
degree of neuraxial block, and premedication utilized are available. Moreover, there is a chance that the study’s findings
were biased or ambiguous due to the absence of information on the patients’ prior coagulopathy. As such, care should be
taken when interpreting the findings. Further studies that make use of comprehensive patient coagulopathy data could
clarify the results. More extensive RCTs are required, and the clinical trial’s design should take these factors into account.

Conclusions

Our study highlights that patients who received blood transfusions after hip fracture surgery experienced higher rates of
ICU admission, opioid use, and mortality; however, transfusion itself was not an independent predictor of mortality after
adjustment. These findings emphasize the importance of a patient-specific approach guided by preoperative hemoglobin
levels, comorbidities, and fracture characteristics. They also support the integration of patient blood management
protocols and suggest that transfusion may reflect underlying clinical complexity rather than serve as an independent
driver of adverse outcomes.
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