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The Impact of General and Spinal Anesthesia on Mortality in Hip
Fracture Surgery: A Retrospective Cohort Study Using Multivariable

Logistic Regression

Kalca Kingi Cerrahisinde Genel ve Spinal Anestezinin Mortalite Uzerine Etkisi:
Cok Degiskenli Lojistik Regresyon Kullanilarak Yapilmis Retrospektif Kohort

Calismasi

Abdurrahman Engin Baydemir, Furkan Tontu, Bilal Faruk Karadogan, Funda Gumus Ozcan

Health Sciences University, Basaksehir Cam Sakura City Hospital, Clinic of Anesthesiology and Reanimation, Istanbul, Tlrkiye

ABSTRACT

Objective: Hip fracture surgery is associated with considerable early
mortality, particularly among older and frail patients. Although an-
esthetic technique is considered a potentially modifiable perioper-
ative factor, randomized trials have not consistently demonstrated
a survival advantage of spinal over general anesthesia. In real-world
practice, anesthetic choice is often influenced by baseline frailty
and comorbidity burden, which may complicate the interpretation
of associations between anesthesia type and outcomes.

Method: This retrospective observational cohort study included
adult patients who underwent hip fracture surgery at a tertiary
care center between January 2021 and May 2025. Patients were
categorized according to anesthetic technique as spinal or general
anesthesia. The primary outcome was in-hospital mortality. Mul-
tivariable logistic regression analysis was performed to identify
independent predictors of mortality, including anesthetic tech-
nique, age-adjusted Charlson Comorbidity Index, and physiolog-
ical markers of frailty.

Results: A total of 665 patients were included; 514 received spi-
nal anesthesia and 151 received general anesthesia. In-hospital
mortality was higher in the general anesthesia group than in the
spinal anesthesia group (7.9% vs. 3.7%; p=0.037). However, after
adjustment for comorbidity burden using the age-adjusted Charl-
son Comorbidity Index, the association between general anesthe-
sia and in-hospital mortality was attenuated and was no longer
statistically significant (adjusted OR 1.68; 95% ClI 0.84-3.38). In
contrast, higher Charlson Comorbidity Index score, lower preop-
erative serum albumin level, and dialysis dependence remained
strong independent predictors of in-hospital mortality.

Conclusion: In this real-world cohort of patients undergoing hip
fracture surgery, the association between general anesthesia and
increased in-hospital mortality appeared to be largely explained
by underlying frailty rather than a direct effect of anesthetic tech-
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Amag: Kalga king cerrahisi, 6zellikle yasli ve kirilgan hastalarda
erken mortalite ile iliskilidir. Anestezi teknigi, perioperatif do-
nemde degistirilebilir potansiyel bir faktor olarak kabul edilmekle
birlikte, randomize galismalar spinal anestezinin genel anesteziye
Ustlin bir sagkalim avantaji sagladigini net olarak gostermemistir.
Ancak gergek yasam klinik pratiginde anestezi secimi hasta kiril-
ganligindan etkilenmekte olup, bu durum anestezi teknigi ile klinik
sonuglar arasinda gozlenen iliskilerin yorumlanmasini giiglestire-
bilmektedir.

Yontem: Ocak 2021-Mayis 2025 tarihleri arasinda lglincl basa-
mak bir merkezde, kalca kirigi cerrahisi uygulanan erigkin hastalar-
da retrospektif gozlemsel kohort galisma gergeklestirildi. Hastalar
uygulanan anestezi teknigine gore (spinal ve genel anestezi) grup-
landirildi. Birincil sonlanim noktasi hastane i¢ci mortaliteydi. Mor-
talite icin bagimsiz belirleyicileri saptamak amaciyla, yasa gore
diizeltilmis Charlson Komorbidite indeksi ve fizyolojik kirilganlik
gostergeleri dahil edilerek ¢cok degiskenli lojistik regresyon analizi
yapildi.

Bulgular: Toplam 665 hasta ¢alismaya dahil edildi (spinal anestezi,
n=514; genel anestezi, n=151). Hastane i¢i mortalite genel aneste-
zi alan hastalarda spinal anestezi alanlara gére daha yiksekti (%7,9
vs %3,7; p=0,037). Ancak yasa gore diizeltilmis Charlson Komorbi-
dite indeksi ile komorbidite yiikii igin diizeltme yapildiktan sonra,
genel anestezi ile hastane igi mortalite arasindaki iliski zayifladi ve
istatistiksel olarak anlamliligini kaybetti (dizeltilmis OR 1,68; %95
GA 0,84-3,38). Buna karsilik daha yiksek Charlson Komorbidite
indeksi skoru, diisiik preoperatif serum albiimin diizeyi ve diyaliz
bagimhhgi hastane i¢i mortalitenin giicli ve bagimsiz belirleyicileri
olarak kaldi.

Sonug: Bu gergek yasam kohortunda, kalga kirigi cerrahisi uygula-
nan hastalarda genel anestezi ile hastane igi mortalite arasindaki
iliskinin, anestezi tekniginin dogrudan etkisinden ¢ok, hastalarin
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nigue. Hypoalbuminemia and dialysis dependence were among
the strongest predictors of early postoperative death. These find-
ings suggest that preoperative risk assessment should extend be-
yond anesthetic technique and include frailty, nutritional status,
and organ dysfunction.

Keywords: Hip fractures, spinal anesthesia, general anesthesia,
mortality, comorbidity, frailty
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altta yatan kirilganlik diizeyi ile iliskili oldugu gorildi. Ozellikle
hipoalbiminemi ve diyaliz bagimhhgi gibi kirilganligi yansitan kli-
nik faktorler, erken postoperatif mortalitenin en glicli belirleyici-
leri olarak 6ne giktl. Bu bulgular, kalga kirngi cerrahisi dncesi risk
degerlendirmesinde yalnizca anestezi yontemine odaklanmanin
yeterli olmadigini; kirilganhk, beslenme durumu ve organ disfonk-
siyonunun da buttncill olarak degerlendiriimesi gerektigini gos-
termektedir.

Anahtar sézcikler: Kalga kiriklari, spinal anestezi, genel anestezi,
mortalite, komorbidite, kirilganlik

INTRODUCTION

Hip fractures are among the most devastating injuries in old-
er adults and are associated with substantial morbidity, loss
of independence, and excess mortality. Globally, the annual
incidence of hip fractures exceeds 1.5 million and is expected
to rise further with population aging (1). Despite advances in
surgical and perioperative care, mortality remains high, with
reported one-year mortality rates ranging from 20% to 30%

(2).

The perioperative management of patients with hip fractures
is particularly challenging due to advanced age, frailty, and
a high prevalence of cardiovascular, pulmonary, and renal
comorbidities (3). Among modifiable perioperative factors,
the choice of anesthetic technique represents a key clinical
decision. Spinal (neuraxial) anesthesia and general anesthe-
sia are the two most commonly used techniques worldwide
(4). Spinal anesthesia has been hypothesized to improve out-
comes by reducing systemic anesthetic exposure and periop-
erative physiological stress, while general anesthesia offers
procedural reliability and avoids contraindications to neurax-
ial blockade (5,6).

However, randomized studies have not demonstrated a clear
survival advantage of one anesthetic technique over the
other. Earlier randomized trials failed to show differences
in short- or intermediate-term mortality between spinal and
general anesthesia (7). More recently, the large multicenter
REGAIN trial reported no significant differences in mortali-
ty, ambulation, or functional recovery at 60 days, and sub-
sequent long-term analyses confirmed similar survival and
functional outcomes at one year (8,9). These findings suggest
that, under controlled trial conditions, anesthetic technique
alone may not be a dominant determinant of long-term out-
comes.

Nevertheless, randomized trials such as REGAIN enrolled rel-
atively selected patient populations and may not fully reflect
real-world clinical practice. In routine care, anesthetic choice
is strongly influenced by clinical urgency, physiological insta-
bility, anticoagulation status, and feasibility of neuraxial tech-
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niques, introducing confounding by indication. Observational
studies using advanced adjustment methods have there-
fore been used to address this gap. Large propensity score—
matched analyses have reported no significant differences in
short-term mortality between spinal and general anesthesia,
while demonstrating meaningful differences in postoperative
morbidity profiles (10).

Importantly, few contemporary real-world studies have fo-
cused specifically on in-hospital mortality while simultane-
ously adjusting for markers of frailty and physiological vulner-
ability. Clarifying the relationship between anesthetic tech-
nique and early mortality in routine clinical practice there-
fore remains clinically relevant. The present study aimed to
evaluate the association between spinal versus general anes-
thesia and mortality in a real-world hip fracture cohort and to
identify independent predictors of mortality using multivari-
able logistic regression.

MATERIALS and METHODS

This study was designed as a retrospective observational co-
hort study. It was based on the retrospective review of elec-
tronic health records. Ethical approval was obtained from the
Basaksehir Cam Sakura City Hospital Clinical Research Ethics
Committee (IRB No: KAEK11/02.07.2025.213). The study was
conducted in accordance with the principles of the Declara-
tion of Helsinki and Good Clinical Practice guidelines.

A priori sample size calculation was not performed, as the
study was designed as a retrospective cohort analysis. The
study population consisted of all eligible patients who under-
went surgical repair for hip fracture during the predefined
study period from January 1, 2021, to May 30, 2025. Thus,
the sample size was determined by the number of eligible
cases available in the institutional database rather than by a
formal power calculation.

Inclusion Criteria:
e Patients aged 18 years or older

e Patients undergoing surgical repair for hip fracture
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Exclusion Criteria:
e Patients younger than 18 years

e Patients with missing data regarding anesthetic technique
or essential clinical variables (for comparative analyses)

Patient data were retrospectively obtained from the hospital
information management system. When necessary, physical
medical records were also reviewed. Collected data included
demographic characteristics, comorbid conditions, type of
surgery and anesthetic technique, laboratory findings, and
in-hospital clinical outcomes. All data were anonymized by
the investigators and coded in an Excel database prior to sta-
tistical analysis.

The primary outcome was in-hospital mortality, defined as
death occurring before hospital discharge. The secondary
outcome was death occurring within 30 days during the in-
dex hospitalization. Because the dataset did not include a
true post-discharge 30-day mortality field, in-hospital death
among patients with a length of stay <30 days was defined as
an exploratory proxy outcome. This endpoint should there-
fore be interpreted as a time-restricted subset of in-hospital
mortality rather than as an independent or true 30-day mor-
tality outcome.

Because anesthetic technique in hip fracture surgery is not
randomly assigned and may be influenced by patient char-
acteristics and clinical status, potential confounding by in-
dication was considered in the analysis. To reduce this bias,
multivariable logistic regression models were constructed
including clinically relevant covariates known to influence
postoperative mortality.

Comorbidity burden was evaluated using the age-adjusted
Charlson Comorbidity Index (CCl). The CCl is a validated prog-
nostic tool in which predefined comorbidities are assigned
weighted scores according to their association with mortal-
ity risk, and the total score is calculated by summing these
weights. In the age-adjusted version, additional points are
added for increasing age, allowing the score to reflect both
comorbidity burden and age-related vulnerability. Higher
scores indicate greater baseline risk; broadly, scores of 0-1
are considered low, 2—-3 moderate, and 24 high comorbidi-
ty burden. In this study, the age-adjusted CCl was calculated
retrospectively from documented diagnoses in the electronic
health records and incorporated into the multivariable logis-
tic regression model as a structured proxy for baseline vul-
nerability.

Statistical Analysis

Continuous variables were summarized as mean * standard
deviation or median with interquartile range, depending
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on distributional characteristics. Categorical variables were
presented as counts and percentages. The normality of con-
tinuous variables was assessed using visual inspection of
histograms and Q-Q plots, together with the Shapiro—Wilk
test when appropriate. Between-group comparisons for con-
tinuous variables were performed using Student’s t-test for
normally distributed variables and the Mann—Whitney U test
for non-normally distributed variables. Categorical variables
were compared using the chi-square test or Fisher’s exact
test, as appropriate.

Multivariable logistic regression analysis was performed to
identify factors independently associated with in-hospital
mortality. Odds ratios with 95% confidence intervals were
reported. The base regression model included anesthetic
technique, age, sex, major comorbidities, and dialysis status.
An extended model additionally incorporated preoperative
albumin, creatinine, hemoglobin levels, and the age-adjusted
CCI. Missing data were handled using complete-case analy-
sis for the primary multivariable model. For the propensity
score—based inverse probability weighting sensitivity analy-
sis, patients with available data for the selected baseline co-
variates were included.

As a sensitivity analysis, a propensity score—based inverse
probability weighting analysis was performed to further ad-
dress measured confounding by indication. Propensity scores
for receiving general anesthesia were estimated using base-
line demographic characteristics, recorded comorbidities,
dialysis dependence, and preoperative laboratory variables.
Stabilized inverse probability weights were applied, and co-
variate balance before and after weighting was assessed us-
ing standardized mean differences. The weighted association
between anesthetic technique and in-hospital mortality was
then evaluated using an inverse probability—weighted logistic
regression model. A p value <0.05 was considered statistical-
ly significant.

RESULTS

A total of 665 patients met the inclusion criteria, including
514 patients who received spinal anesthesia and 151 patients
who received general anesthesia. Baseline demographic
characteristics and recorded comorbidities are summarized
in Table I. No statistically significant between-group differ-
ences were observed in age, sex distribution, or major re-
corded comorbid conditions.

In-hospital mortality was significantly higher in patients re-
ceiving general anesthesia compared with spinal anesthesia,
whereas the exploratory proxy outcome of death within 30
days during the index hospitalization did not reach statistical
significance. Intensive care unit admission rates were higher
in the general anesthesia group (Table I1).
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Table 1. Baseline Characteristics by Anesthesia Type

Baydemir AE. et al.

Variable Spinal anesthesia (n=514) General anesthesia (n=151) p-value
Age, years 74.2+135 73.1+12.8 0.310*
Male sex, n (%) 203 (39.5) 61 (40.4) 0.760t
Diabetes mellitus, n (%) 104 (20.2) 26 (17.2) 0.380*
Hypertension, n (%) 159 (30.9) 38 (25.2) 0.170%
Chronic obstructive pulmonary disease, n (%) 22 (4.3) 2(1.3) 0.084%
Heart failure, n (%) 24 (4.7) 11 (7.3) 0.210%
Chronic kidney disease, n (%) 15(2.9) 9 (6.0) 0.110%
Dialysis, n (%) 13 (2.5) 4(2.6) 0.990%
Albumin, g L*? 33.7+4.9 343+6.2 0.290*
Creatinine, mg dL* 1.0+0.7 0.9+0.6 0.140*
Hemoglobin, g dL* 11.0+1.6 10917 0.540*

Continuous variables are presented as mean * standard deviation.

Categorical variables are presented as number of patients (percentage).

* Student’s t-test was used. T Chi-square test or Fisher’s exact test was used, as appropriate.

Table Il. Clinical Outcomes by Anesthesia Type

Outcome

Spinal anesthesia (n=514)

General anesthesia (n=151)

In-hospital mortality, n (%) 19 (3.7) 12 (7.9) 0.037%
Death <30 days during index hospitalization (proxy), n (%) 17 (3.3) 10 (6.6) 0.083%
ICU admission, n (%) 246 (47.9) 91 (60.3) 0.011+
Hospital length of stay, days 10.8+8.5 10.6 £ 11.0 0.810*
ICU length of stay, days 3.7+6.2 3.1+3.9 0.360*

ICU: Intensive care unit
Continuous variables are presented as mean * standard deviation.

Categorical variables are presented as number of patients (percentage).
* Student’s t-test was used. T Chi-square test or Fisher’s exact test was used, as appropriate.

Table Ill. Multivariable Logistic Regression Analysis for In-Hospital Mortality Including Charlson Comorbidity Index

Predictor Adjusted OR 95% ClI p-value
General vs spinal anesthesia 1.68 0.84-3.38 0.14
Charlson Comorbidity Index (per 1-point increase) 1.42 1.18-1.71 <0.001
Albumin (per 1 g L* increase) 0.83 0.77-0.90 <0.001
Dialysis dependence 34.6 4,9-243.7 <0.001
Male sex 0.79 0.36-1.73 0.56

OR: Odds ratio, Cl: Confidence interval
Multivariable logistic regression analysis was used to identify independent predictors of in-hospital mortality. Adjusted odds ratios with 95% confi-

dence intervals are presented.

After additional adjustment for comorbidity burden using the
age-adjusted CCl, the association between general anesthe-
sia and in-hospital mortality was attenuated and no longer
statistically significant. In contrast, higher CCl scores, lower
preoperative serum albumin levels, and dialysis dependence
remained strong independent predictors of in-hospital mor-
tality. These findings indicate that baseline vulnerability and
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comorbidity burden play a more prominent role in early post-
operative mortality than anesthetic technique alone (Table

).

In the propensity score—based inverse probability weighting
sensitivity analysis, the association between general anes-
thesia and in-hospital mortality was attenuated and did not
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reach statistical significance (IPW-weighted OR: 1.94, 95%
Cl: 0.88-4.25, p=0.100). Covariate balance improved after
weighting, with the maximum absolute standardized mean
difference decreasing from 0.573 before weighting to 0.090
after weighting.

DISCUSSION

In this retrospective cohort of patients undergoing hip frac-
ture surgery, in-hospital mortality was higher among patients
who received general anesthesia than among those who
underwent spinal anesthesia. However, after multivariable
adjustment for demographic characteristics and major co-
morbid conditions, this association was attenuated and was
no longer statistically significant. Similarly, the propensity
score—based inverse probability weighting sensitivity analysis
showed that the association between general anesthesia and
in-hospital mortality did not remain statistically significant
after weighting. In contrast, markers reflecting biological vul-
nerability and diminished physiological reserve—particularly
low preoperative serum albumin levels and dialysis depen-
dence—emerged as the strongest independent predictors of
early postoperative mortality.

The multicenter REGAIN trial demonstrated no clinically
meaningful differences between spinal and general anes-
thesia with respect to mortality, ambulation, or functional
recovery at 60 days; subsequent analyses further confirmed
comparable survival at one year (8,9). Similarly, meta-analy-
ses of randomized controlled trials have shown no clear sur-
vival advantage for either anesthetic technique, suggesting
that when perioperative care is standardized, the choice of
anesthesia alone is unlikely to be a dominant determinant of
postoperative outcomes (11).

In contrast to randomized trials, anesthetic choice in routine
clinical practice is shaped by several patient- and system-lev-
el factors, including respiratory compromise, anticoagulation
status, anticipated airway difficulty, surgical urgency, and
feasibility of neuraxial techniques. These factors introduce
confounding by indication, which may persist despite multi-
variable adjustment in observational studies. Therefore, the
observed association between general anesthesia and high-
er in-hospital mortality in our cohort should be interpreted
cautiously and may reflect baseline patient risk rather than a
direct causal effect of anesthetic technique itself.

Beyond baseline selection factors, intraoperative physiologi-
cal events may also influence early postoperative outcomes.
In elderly patients undergoing hip fracture surgery, hypo-
tension, hypoxemia, blood loss, transfusion requirement,
vasopressor use, and fluid management may contribute to
postoperative organ dysfunction and mortality. Previous
studies have suggested that lower intraoperative mean arte-
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rial pressure and intraoperative hypotension are associated
with increased in-hospital or short-term mortality after hip
fracture surgery. More recent evidence also indicates that
the duration and severity of intraoperative hypotension may
be associated with postoperative complications and delir-
ium in elderly patients with hip fracture, although findings
regarding mortality are not entirely consistent. These data
suggest that intraoperative physiological stability may be
at least as important as the nominal choice of spinal versus
general anesthesia. In the present study, detailed intraop-
erative variables such as blood pressure trends, duration of
hypotension, vasopressor requirement, hypoxemic episodes,
blood loss, transfusion volume, and fluid balance were not
available. Therefore, we could not determine whether the
observed crude mortality difference between anesthesia
groups was mediated by intraoperative hemodynamic or re-
spiratory events. This limitation should be considered when
interpreting the association between anesthesia type and
mortality (12,13).

Frailty has increasingly been recognized as a major deter-
minant of adverse outcomes after hip fracture surgery. Be-
yond chronological age, frailty reflects reduced physiological
reserve and increased vulnerability to acute surgical stress.
Recent evidence supports this concept: a systematic review
of observational studies reported that frailty in older adults
undergoing hip fracture surgery was associated with in-
creased postoperative adverse events, including in-hospital
mortality, 30-day mortality, 1-year mortality, postoperative
complications, and delirium. In addition, prospective evi-
dence has shown that the age-adjusted CCl is associated with
postoperative mortality in elderly patients with hip fracture,
with mortality risk increasing as the score rises. However, the
CCl does not capture functional status, nutritional reserve,
cognitive impairment, acute physiological instability, or the
severity of all individual comorbidities, and therefore should
not be interpreted as a direct frailty measure. In the present
study, formal frailty instruments such as the Clinical Frailty
Scale were not available; therefore, the age-adjusted Charl-
son Comorbidity Index was used as a structured comorbidi-
ty-based proxy for baseline vulnerability. The attenuation of
the association between anesthetic technique and mortality
after adjustment for comorbidity burden further supports
the interpretation that underlying frailty and comorbidity
may partly explain the crude mortality difference between
anesthesia groups (14).

Our results further underscore the central role of frailty, nu-
tritional status, and organ dysfunction in determining early
postoperative outcomes after hip fracture surgery. Hypoalbu-
minemia is a well-established surrogate marker of frailty, sys-
temic inflammation, and reduced physiological reserve, and
has been consistently associated with increased short-term
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mortality in this patient population (15). The strong inverse
association between serum albumin levels and in-hospital
mortality observed in our analysis reinforces the importance
of routine preoperative nutritional and frailty assessment in
patients presenting with hip fracture.

Dialysis dependence was associated with markedly increased
odds of in-hospital mortality, highlighting the extreme vul-
nerability of patients with end-stage kidney disease. Prior
studies have demonstrated substantially higher perioper-
ative morbidity and mortality in this population following
hip fracture, reflecting both severe comorbidity burden and
heightened susceptibility to cardiovascular, metabolic, and
infectious complications (16). Although the magnitude of the
observed odds ratio was large, the wide confidence interval
indicates limited precision due to the low prevalence of dial-
ysis in the cohort and warrants cautious interpretation (17).

Although formal frailty instruments such as the Clinical Frail-
ty Scale were not available, this limitation was addressed by
incorporating the age-adjusted CCl as a validated comorbid-
ity-based marker of baseline vulnerability. The CCl has been
shown to be associated with postoperative mortality in hip
fracture cohorts and performs similarly to other clinical
risk scores in predicting short- and longer-term death after
fracture surgery (17,18). This approach allowed for a more
structured adjustment for underlying comorbidity burden
and helped reduce residual confounding related to baseline
vulnerability. Notably, the attenuation of the association be-
tween anesthetic technique and mortality after inclusion of
the CCI suggests that the initially observed difference was
largely driven by underlying patient risk rather than a direct
causal effect of anesthesia type. In contrast, hypoalbumin-
emia and dialysis dependence remained robust predictors
of early mortality, underscoring the central role of biological
and nutritional vulnerability in this population.

From a clinical perspective, these findings suggest that
perioperative risk stratification in hip fracture surgery should
prioritize patient-level vulnerability—particularly frailty, nu-
tritional status, and organ dysfunction—rather than anes-
thetic technique alone. While neuraxial anesthesia remains
an appropriate and often preferred option when feasible,
targeted perioperative optimization and enhanced monitor-
ing of high-risk patients, especially those with malnutrition
or advanced renal disease, may offer greater potential to
improve early outcomes than modifications in anesthetic ap-
proach alone.

Limitations

This study has several limitations. Its retrospective and sin-
gle-center design prevents causal conclusions and may limit
the generalizability of the findings to institutions with differ-
ent patient populations or perioperative practices.

JARSS 2026;34(3):214-220
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Although multivariable logistic regression and an additional
propensity score—based inverse probability weighting sensi-
tivity analysis were used to reduce measured confounding
by indication, residual confounding may still remain. In rou-
tine clinical practice, anesthetic technique is not randomly
assigned and may be influenced by clinical urgency, frailty,
anticoagulation status, hemodynamic instability, airway-re-
lated concerns, or the feasibility of neuraxial anesthesia.
Therefore, the findings should be interpreted as associations
rather than causal effects.

Detailed intraoperative hemodynamic variables, including
hypotension, vasopressor use, and fluid management, were
not available. Because these factors may affect postopera-
tive mortality, we could not fully distinguish the potential in-
fluence of anesthetic technique from that of intraoperative
management or baseline patient vulnerability.

The relatively small number of in-hospital deaths, together
with the low frequency of some predictors such as dialysis
dependence, may have reduced the precision of the esti-
mates and contributed to wide confidence intervals.

Finally, true 30-day mortality after discharge could not be
evaluated. Therefore, death within 30 days during the index
hospitalization should be viewed as an exploratory, time-lim-
ited proxy outcome that partly overlaps with in-hospital mor-
tality, rather than as a separate 30-day mortality endpoint.

CONCLUSION

In this real-world analysis of hip fracture surgery, higher crude
in-hospital mortality among patients receiving general anes-
thesia appeared to be largely explained by underlying patient
vulnerability rather than by anesthetic technique alone. After
multivariable adjustment and propensity score—based inverse
probability weighting sensitivity analysis, the association be-
tween general anesthesia and in-hospital mortality was at-
tenuated and no longer statistically significant. Frailty-related
factors, particularly hypoalbuminemia and dialysis depen-
dence, were the strongest predictors of early postoperative
mortality. These findings emphasize the importance of com-
prehensive preoperative risk assessment focused on frailty,
nutritional status, and organ dysfunction, and suggest that
targeted perioperative optimization may be more influential
than anesthetic choice alone in improving early outcomes.
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