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Predictors of Postoperative Intensive Care Unit Admission in

Geriatric Hip Fracture Surgery

Geriatrik Kalca Kingi Cerrahisinde Postoperatif Yogun Bakim Unitesine Yatisi

Ongoren Faktorler

Funda Atar, Fatma Ozkan Sipahioglu

University of Health Sciences, Etlik City Hospital, Department of Anesthesiology and Reanimation, Ankara, Tlrkiye

ABSTRACT

Objective: This study aimed to identify preoperative clinical and
laboratory risk factors associated with postoperative intensive care
unit (ICU) admission after geriatric hip fracture surgery, and to eval-
uate independent preoperative risk factors predicting ICU admis-
sion and prolonged ICU stay.

Method: The electronic medical records of 811 patients aged 65
years and older who underwent surgery for hip fracture between
November 2022 and November 2025 were retrospectively ana-
lyzed. Demographic data, American Society of Anesthesiologists
(ASA) physical status classification, comorbidities, laboratory pa-
rameters, ICU admission status, ICU length of stay, and 6-month
mortality data were recorded. Patients were divided into two
groups according to postoperative ICU admission status.

Results: Data from 811 patients were evaluated. Of these, 691 pa-
tients (85.2%) were admitted to the ICU postoperatively. In multi-
variable logistic regression analysis, advanced age (OR: 1.075, 95%
Cl: 1.039-1.112), ASA llI-IV class (OR: 1.792, 95% Cl: 1.028-3.122),
hypoalbuminemia (OR: 0.924, 95% Cl: 0.874-0.977), elevated
C-reactive protein (CRP) level (OR: 1.009, 95% Cl: 1.004-1.015),
and the presence of diabetes mellitus (DM) (OR: 2.243, 95% Cl:
1.182-4.256) were independently associated with ICU admission.
Hypoalbuminemia (OR: 0.931, 95% Cl: 0.902-0.961), congestive
heart failure (OR: 3.391, 95% Cl: 1.858-6.188), dementia (OR:
1.866, 95% Cl: 1.172-2.970), and chronic obstructive pulmonary
disease (OR: 1.771, 95% Cl: 1.060-2.958) were independent pre-
dictors of prolonged ICU stay.

Conclusion: Advanced age, ASA IlI-IV physical status classification,
hypoalbuminemia, elevated CRP level, and the presence of DM
may be important predictors of postoperative ICU admission after
geriatric hip fracture surgery.
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Amag: Bu calisma, geriatrik kalga kirigi cerrahisi sonrasi postope-
ratif yogun bakim tnitesi (YBU) ile iliskili preoperatif klinik ve la-
boratuvar risk faktorlerini belirlemek ve YBU yatisi ile uzamig YBU
stresini 6ngoren bagimsiz preoperatif risk faktorlerini degerlendir-
meyi amaglamaktadir.

Yontem: Kasim 2022-Kasim 2025 tarihleri arasinda kalga kirigi ne-
deniyle opere edilen 65 yas ve lizeri 811 hastanin elektronik tibbi
kayitlari retrospektif olarak analiz edildi. Hastalarin demografik
verileri, Amerikan Anesteziyologlar Dernegi (ASA) fiziksel durum
siniflamasi, komorbiditeleri, laboratuvar parametreleri, YBU yatis
durumu, YBU yatis siiresi ve 6 aylik mortalite verileri kaydedildi.
Hastalar postoperatif YBU’ye yatis durumuna gére iki gruba ayrildi.

Bulgular: Calismada 811 hastanin verileri degerlendirildi. Has-
talarin 691’i (%85,2) postoperatif dénemde YBU’ye yatirildi. Cok
degiskenli lojistik regresyon analizinde ileri yas (OR: 1,075, %95
GA: 1,039-1,112), ASA llI-IV fiziksel durum siniflamasi (OR: 1,792,
%95 GA: 1,028-3,122), hipoalbiminemi (OR: 0,924, %95 GA:
0,874-0,977), yuksek C-reaktif protein (CRP) diizeyi (OR: 1,009,
%95 GA: 1,004-1,015) ve diabetes mellitus (DM) varhigi (OR:
2,243, %95 GA: 1,182-4,256) YBU yatisi ile bagimsiz olarak iliskili
bulundu. Uzamis YBU yatisi igin hipoalbiiminemi (OR: 0,931, %95
GA: 0,902-0,961), konjestif kalp yetmezligi (OR: 3,391, %95 GA:
1,858-6,188), demans (OR: 1,866, %95 GA: 1,172-2,970) ve kro-
nik obstiriktif akciger hastaligi (OR: 1,771, %95 GA: 1,060-2,958)
bagimsiz belirleyicilerdi.

Sonug: Geriatrik kalga kirigi cerrahisi sonrasi ileri yas, ASA IlI-IV
fiziksel durum siniflamasi, hipoalbliminemi, yliksek CRP dlzeyi ve
DM varhig postoperatif YBU yatisi agisindan énemli belirleyiciler
olabilir.

Anahtar sozciikler: Kalga kiriklari, yogun bakim, risk faktorleri
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INTRODUCTION

The global increase in life expectancy has led to a growing
population of older adults who are particularly vulnerable
to hip fractures (1). Approximately 1.7 million hip fractures
occur worldwide each year, and this number is projected to
reach 6.26 million by 2050 (2). Hip fracture is associated with
loss of functional independence, reduced quality of life, and
an increased risk of mortality (3). For this reason, it has often
been referred to as “the last fracture of life” (4).

Surgery remains the mainstay of treatment for geriatric hip
fractures. However, these patients may require postopera-
tive intensive care unit (ICU) support because of multiple co-
morbidities, reduced physiological reserve related to aging,
and the inflammatory and metabolic responses triggered
by surgery (5,6). Since ICU resources are limited and costly,
directing patients to the appropriate level of postoperative
monitoring and care is of considerable clinical importance (6).
Identifying high-risk patients during the preoperative period
may therefore help optimize ICU planning, improve the use of
perioperative resources, and contribute to better patient out-
comes (7,8). Although numerous studies have examined mor-
tality and complications after hip fracture surgery, evidence
regarding preoperative predictors of postoperative ICU ad-
mission, and particularly prolonged ICU stay, remains limited.

The main objective of this study is to evaluate the preopera-
tive clinical and laboratory risk factors associated with post-
operative ICU admission after geriatric hip fracture surgery.
The study also aimed to determine the incidence of postop-
erative ICU admission and to identify independent risk factors
associated with prolonged ICU stay.

MATERIAL and METHODS

This retrospective cohort study was conducted at a tertia-
ry care center. Approval was obtained from the local ethics
committee (approval date: 17/06/2026; decision no: AESH-
BADEK1-2026-493). We retrospectively reviewed the elec-
tronic medical records of consecutive patients aged 65 years
or older who underwent surgery for hip fracture between
November 1, 2022, and November 1, 2025.

Patients who were operated for femoral neck, intertrochan-
teric, or subtrochanteric fractures were included in the study.
Patients with pathological fractures, multiple trauma, con-
servative treatment or electronic medical records that lacked
sufficient information for the analysis were excluded. If more
than one hip fracture surgery was performed in the same
patient during the study period, only the first operation was
included in the analysis. Age, sex, fracture type, American So-
ciety of Anesthesiologists (ASA) physical status classification,
comorbidities, type of anesthesia, use of peripheral nerve
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block, and time to surgery were obtained from the medical re-
cords. Laboratory values at the time of initial hospital admis-
sion for hip fracture were also recorded, including complete
blood count parameters, creatinine, urea, albumin, C-reactive
protein (CRP), International Normalized Ratio (INR), aspartate
aminotransferase, alanine aminotransferase, total bilirubin,
direct bilirubin, and glucose levels. Postoperative complica-
tions that occurred during hospitalization were retrieved from
electronic medical records and grouped as pulmonary, infec-
tious, cardiac, bleeding, neurological, renal/electrolyte, and
cerebrovascular complications. At our center, postoperative
ICU admission was not determined according to a predefined
study protocol. The decision was made in routine clinical prac-
tice by the anesthesiology and intensive care teams, based
on the patient’s clinical condition, comorbidity burden, and
perioperative risk profile. Intensive care unit admission status
and length of ICU stay during hospitalization were recorded
for all patients. Patients were divided into two groups accord-
ing to ICU admission status: those admitted to the ICU (ICU+)
and those not admitted to the ICU (ICU-). Prolonged ICU stay
was defined as an ICU length of stay longer than 3 days (8).
Prolonged ICU stay was calculated among patients admitted
to the ICU. Time to surgery was defined as the number of days
between hospital admission for hip fracture and the date of
surgery. Six-month mortality status was recorded.

The primary endpoint was to identify preoperative risk fac-
tors independently associated with postoperative ICU admis-
sion after hip fracture surgery. The secondary endpoints were
to determine the incidence of postoperative ICU admission
and to identify factors independently associated with pro-
longed ICU stay.

Statistical Analysis

The distribution of continuous variables was assessed using
the Shapiro—Wilk test. Variables with a normal distribution
were expressed as mean + standard deviation (SD) and com-
pared using the independent samples t-test. Non-normally
distributed variables were presented as median (interquar-
tile range [IQR]) and compared using the Mann—Whitney U
test. Categorical variables were expressed as frequencies and
percentages and compared using the Pearson chi-square test
or Fisher’s exact test, as appropriate. Factors associated with
ICU admission and prolonged ICU stay were evaluated using
univariate and multivariable logistic regression analyses. Vari-
ables that were significant in the univariate logistic regression
analyses were entered into the multivariable logistic regres-
sion model. Those that did not remain significant were subse-
quently removed to obtain the final model. ORs with 95% Cls
were reported. The discriminative performance of the mul-
tivariable model for ICU admission was evaluated using ROC
analysis, and the AUC was calculated. All statistical analyses
were performed using IBM SPSS Statistics for Windows (Ver-
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sion 22.0; IBM Corp., Armonk, NY, USA), and a two-sided p
value <0.05 was considered statistically significant.

RESULTS

A total of 844 patients who underwent hip fracture surgery
were identified during the study period. Seven patients with
multiple trauma and 26 patients with insufficient electronic
medical records were excluded. The final analysis included
811 patients who met the inclusion criteria.

The mean age of the patients was 83.6 + 5.7 years; 66.1%
were female, and 67.2% were classified as ASA IlI-IV. At least
one comorbidity was present in 85.7% of the study popula-
tion. The most common comorbidities were hypertension
(67.2%), diabetes mellitus (DM) (36.0%), and coronary artery
disease (21.7%). Postoperative complications occurred in 204
patients (25.2%), with pulmonary complications being the
most frequent. A total of 691 patients (85.2%) were admitted
to the ICU during hospitalization. Among patients admitted
to the ICU, the median ICU length of stay was 2 days (IQR: 3),
and prolonged ICU stay (>3 days) was observed in 38.5%. The
median hospital length of stay was 7 days (IQR: 6). Overall,
6-month mortality was recorded in 132 patients (16.3%). The
demographic, clinical, and laboratory characteristics of the
study population are presented in Table I.

Patients admitted to the ICU were older and had higher rates
of ASA lll-IV status and comorbidity than those who were not
admitted to the ICU (all p<0.001). Hypertension and DM were
the most common comorbidities in both groups, although
both were more frequent in the ICU group (p<0.001 and
p=0.002, respectively). In the preoperative laboratory assess-
ment, CRP levels were higher and albumin levels were lower
in the ICU group (both p<0.001). Postoperative complications
and 6-month mortality were also higher in the ICU group than
in the non-ICU group (26.6% vs. 16.7%, p=0.020; and 18.8%
vs. 1.7%, p<0.001, respectively) (Table II).

In the univariate logistic regression analysis, advanced age,
ASA IlI-IV physical status, DM, hypertension, congestive heart
failure (CHF), glucose, creatinine, urea, total bilirubin, CRP,
white blood cell count, red cell distribution width, albumin, he-
moglobin, and hematocrit levels were significantly associated
with postoperative ICU admission (Table IIl).

In the multivariable logistic regression analysis, advanced
age (odds ratio [OR]: 1.075, 95% confidence interval [CI]:
1.039-1.112, p<0.001), ASA IlI-IV physical status (OR: 1.792,
95% Cl: 1.028-3.122, p=0.039), lower serum albumin level
(OR: 0.924, 95% Cl: 0.874-0.977, p=0.005), higher CRP level
(OR: 1.009, 95% ClI: 1.004-1.015, p=0.001), and the presence
of DM (OR: 2.243, 95% Cl: 1.182-4.256, p=0.013) were inde-
pendently associated with ICU admission (Table IV). The area
under the receiver operating characteristic (ROC) curve (AUC)
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of the multivariable logistic regression model was 0.790 (95%
Cl: 0.742-0.837; p<0.001).

Univariate and multivariable logistic regression analyses were
also performed to identify factors associated with prolonged
ICU stay. In the multivariable analysis, lower serum albumin
level (OR: 0.931, 95% Cl: 0.902-0.961, p<0.001), CHF (OR:
3.391, 95% Cl: 1.858—6.188, p<0.001), dementia (OR: 1.866,
95% Cl: 1.172-2.970, p=0.009), and chronic obstructive pul-
monary disease (COPD) (OR: 1.771, 95% Cl: 1.060-2.958,
p=0.029) were identified as independent predictors of pro-
longed ICU stay (Table V). Mortality was also higher among
patients with prolonged ICU stay than among those without
prolonged ICU stay (28.9% vs. 12.5%; p<0.001).

DISCUSSION

In this retrospective cohort study, advanced age, higher ASA
score, DM, elevated preoperative CRP level, and lower serum
albumin level were identified as independent predictors of
postoperative ICU admission. Hypoalbuminemia, COPD, CHF,
and dementia were also associated with prolonged ICU stay.
These findings suggest that the factors associated with ICU
admission after geriatric hip fracture surgery may not fully
overlap with those associated with a prolonged ICU stay.

There are no clear and objective criteria for deciding postop-
erative ICU admission. Accordingly, ICU admission rates after
geriatric hip fracture surgery are known to vary considerably
between centers (6). This difference may be influenced by
the clinical characteristics of the patients, as well as the or-
ganizational structure of the hospitals and the ICU utilization
policies (6,9). Previous studies have reported that, in high-
risk surgical patients, early ICU admission may be associated
with better survival than delayed ICU admission (9,10). For
this reason, some centers have adopted a more liberal ap-
proach to early intensive care use after major surgery in re-
cent years (7,11,12). In tertiary referral centers in particular,
the care of patients with more complex clinical profiles and
higher perioperative risk may partly explain the higher rates
of ICU admission reported in these settings (6,13). In the pres-
ent study, the postoperative ICU admission rate was 85.2%.
This high rate may be partly explained by the inclusion of only
geriatric patients, the predominance of ASA IlI-IV patients in
the cohort, and the fact that the study was conducted at a ter-
tiary referral center. Therefore, the high ICU admission rate in
our study may be explained not only by patient characteristics
but also by our tertiary care setting, where high-risk patients
are closely monitored after surgery. Our findings also suggest
that institutional ICU admission criteria should be periodically
reviewed to ensure appropriate patient selection while avoid-
ing unnecessary ICU admissions. Such efforts may contribute
to more efficient use of ICU resources without compromising
patient safety in geriatric patients with hip fracture.

JARSS 2026;34(3):238-246
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Table I. Demographic and Clinical Characteristics of the Study Population

Variable p-value Variable p-value

Age, years, mean * SD 83.6+5.7 Type of anesthesia, n (%)
Spinal anesthesia 617 (76.1)
Sex, n (%) .
Female 536 (66.1) General anesthesia 194 (23.9)
Male 275 (33.9) Peripheral nerve block, n (%) 263 (32.4)
ASA physical status, n (%) Fracture type, n (%)
I 36 (4.4) Intertrochanteric 431 (53.1)
Il 230 (28.4) Femoral neck 329 (40.6)
1 359 (44.3) Subtrochanteric 51 (6.3)
v 186 (22.9) ICU admission, n (%) 691 (85.2)
e o
Comorbldltlgs, n (%) 695 (85.7) Postoperative complications, n (%) 204 (25.2)
Hypertension 545 (67.2) -
! . Pulmonary complications 63 (7.8)
Diabetes mellitus 292 (36.0) .
. Infection 62 (7.6)
Coronary artery disease 177 (21.7) . N
; Cardiac complications 20 (2.5)
Dementia 113 (13.9) .
. . . Bleeding 19 (2.3)
Chronic obstructive pulmonary disease 82 (10.1) . .
. Neurological complications 17 (2.1)
Cerebrovascular disease 77 (9.5) ;

. Nephropathy/electrolyte disorders 16 (2.0)
Arrhythmla . 67 (8.3) Cerebrovascular complications 7 (0.9)
Congestive heart failure 65 (8.0)

Chronic kidney disease 54 (6.7) Time to surgery, days, mean = SD 22+19
Malignancy 49 (6.0) ICU length of stay, days, median (IQR) 2(3)
Thyroid disease 47 (5.8)

Hyperlipidemia 38 (4.7) Prolonged ICU stay (>3 days), n (%) 266 (38.5)
Parkinson disease 37 (4.6) Length of hospital stay, days, median (IQR) 7 (6)
Rheumatoid arthritis 18(2.2) : .

Epilepsy 4(0.5) Overall 6-month mortality, n (%) 132 (16.3)
Cirrhosis 3 (0.4) ASA: American Society of Anesthesiologists physical status, ICU:

Intensive care unit, AST: Aspartate aminotransferase, ALT: Alanine

Preoperative laboratory parameters aminotransferase, CRP: C-reactive protein, INR: International Normalized

GIUCO.S?' mg dL?, mediarT (IQR) 136 (59) Ratio, WBC: White blood cell count, RDW-CV: Red cell distribution width
Creatinine, mg dL*, median (IQR) 0.93 (0.52) coefficient of variation, SD: Standard deviation, IQR: Interquartile range
Urea, mg dL?, median (IQR) 48.1(24.7)

AST, U L%, median (IQR) 20 (11)

ALT, U L?, median (IQR) 13 (8)

Total bilirubin, mg dL?, median (IQR) 0.54 (0.43)

Direct bilirubin, mg dL?, median (IQR) 0.19(0.17)

Albumin, g L, median (IQR) 37(7.8)

CRP, mg L%, median (IQR) 50.0 (95.6)

INR, median (IQR) 1.0(0.1)

WBC, x10° uL?, median (IQR) 10.3 (5.2)

Hemoglobin, g dL?, median (IQR) 11.6 (2.9)

Hematocrit, %, mean + SD 36.0+5.9

Platelet count, x10® L%, median (IQR) 227 (103)

RDW-CV, %, median (IQR) 14.1 (2.0)

Table Il. Comparison of Demographic, Clinical, and Laboratory Characteristics According to ICU Admission

Variable ICU admission (+) (n=691) ICU admission (=) (n=120) p-value*
Age, years, mean t SD 83.5%8.1 77.5%7.5 <0.001**
Sex, n (%)
Female 453 (65.6) 83 (69.2) 0.254
Male 238 (34.4) 37 (30.8)
ASA physical status, n (%)
[ 19 (2.7) 17 (14.2)
1l 176 (25.5) 54 (45.0) <0.001
1 320 (46.3) 39 (32.5)
Y 176 (25.5) 10 (8.3)
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Table Il. continued

Variable ICU admission (+) (n=691) ICU admission (-) (n=120) p-value*

Comorbidities, n (%) 611 (88.4) 84 (70.0) <0.001
Hypertension 487 (70.5) 58 (48.3) <0.001
Diabetes mellitus 264 (38.2) 28 (23.3) 0.002
Coronary artery disease 159 (23.0) 18 (15.0) 0.050
Dementia 102 (14.8) 11 (9.2) 0.102
Chronic obstructive pulmonary disease 75 (10.9) 7 (5.8) 0.092
Cerebrovascular disease 69 (10.0) 8(6.7) 0.252
Congestive heart failure 62 (9) 3(2.5) 0.016
Arrhythmia 61 (8.8) 6 (5.0) 0.160
Chronic kidney disease 48 (6.9) 6 (5.0) 0.430
Thyroid disease 44 (6.4) 3(2.5) 0.094
Malignancy 41 (5.9) 8(6.7) 0.756
Hyperlipidemia 37 (5.4) 1(0.8) 0.031
Parkinson disease 33(4.8) 4(3.3) 0.485
Rheumatoid arthritis 15(2.2) 3(2.5) 0.821
Epilepsy 4(0.6) 0(0) 0.526°
Cirrhosis 3(0.4) 0(0) 0.618°

Preoperative laboratory parameters
Glucose, mg dL%, median (IQR) 137 (61) 126 (66.0) 0.008"
Creatinine, mg dL?, median (IQR) 0.94 (0.53) 0.79 (0.37) <0.001"%
Urea, mg dL?, median (IQR) 49.0 (25.8) 39.9 (20.2) <0.001"
AST, U L%, median (IQR) 20 (11) 21 (10) 0.655%
ALT, U LY, median (IQR) 13 (8) 15 (9) 0.026*
Total bilirubin, mg dL?, median (IQR) 0.54 (0.44) 0.54 (0.43) 0.044"°
Direct bilirubin, mg dL?, median (IQR) 0.20(0.16) 0.18 (0.12) 0.001"°
Albumin, g L, median (IQR) 36.4 (7.6) 40.4 (5.9) <0.001"%
CRP, mg L, median (IQR) 54.3 (100.3) 16.1 (53.4) <0.001°
INR, median (I1QR) 1.02 (0.12) 1.03 (0.08) 0.756°
WBC, x10° L, median (IQR) 10.4 (5.2) 9.23 (4.4) 0.006"
Hemoglobin, g dL?, median (IQR) 11.5(2.8) 12.3(2.7) <0.001%
Hematocrit, %, mean + SD 35.6+5.8 37.7+6.0 <0.001**
Platelet count, x10% uL?, median (IQR) 226 (99) 232 (113) 0.628°
RDW-CV, %, median (IQR) 14.1 (2.1) 13.8 (1.3) 0.002°

Type of anesthesia, n (%)
Spinal anesthesia 530 (76.7) 87 (72.5) 0.319
General anesthesia 161 (23.3) 33 (27.5)

Peripheral nerve block, n (%) 218 (31.5) 45 (37.5) 0.199

Fracture type, n (%)
Intertrochanteric 372 (53.8) 59 (49.2) 0.257
Femoral neck 273 (39.5) 56 (46.7) ’
Subtrochanteric 46 (6.7) 5(4.2)

Postoperative complications, n (%) 184 (26.6) 20 (16.7)
Infection 57 (8.2) 5(4.2)
Bleeding 17 (2.5) 2(1.7)
Nephropathy/electrolyte disorders 16 (2.3) 0(0) 0.020
Pulmonary complications 56 (8.1) 7 (5.8) :
Neurological complications 14 (2.0) 3(2.5)
Cerebrovascular complications 7 (1.0) 0(0)
Cardiac complications 17 (2.5) 3(2.5)

Time to surgery, days, mean + SD 1.8+1.7 1.5+1.7 0.069**

Length of hospital stay, days, median (IQR) 6(4) 4(3) <0.001"%

Overall 6-month mortality, n (%) 130 (18.8) 2(1.7) <0.001°%

*: Chi-square test, **: Independent t-test, B: Mann-Whitney U test, b: Fisher’s Exact test.

ICU: Intensive care unit, ASA: American Society of Anesthesiologists physical status, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
CRP: C-reactive protein, INR: International Normalized Ratio, WBC: White blood cell count, RDW-CV: Red cell distribution width coefficient of variation,

SD: Standard deviation, IQR: Interquartile range
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Table Ill. Univariate Logistic Regression Analysis of Factors
Associated with ICU Admission

Variable Univariate OR (95% Cl)  p-value
Age 1.097 (1.070-1.126) <0.001
ASA IlI-IV 3.686 (2.471-5.498) <0.001

Congestive heart failure 3.844 (1.187-12.452) 0.025

Diabetes mellitus 2.031(1.295-3.186) 0.002

Hypertension 2.552 (1.722-3.783) <0.001
Glucose 1.004 (1.001-1.008) 0.019
Creatinine 2.338 (1.362-4.013) 0.002
Urea 1.038 (1.025-1.052) <0.001
Total bilirubin 1.770 (1.013-3.093) 0.045
Albumin 0.883 (0.843-0.925) <0.001
CRP 1.013 (1.008-1.019) <0.001
WBC 1.068 (1.013-1.125) 0.014
Hemoglobin 0.808 (0.729-0.896) <0.001
Hematocrit 0.937 (0.905-0.969) <0.001
RDW-CV 1.205 (1.061-1.367) 0.004

Only variables significantly associated with ICU admission in the
univariate logistic regression analysis are presented.

OR: Odds ratio, Cl: Confidence interval, ICU: Intensive care unit, ASA:
American Society of Anesthesiologists physical status, CRP: C-reactive
protein, WBC: White blood cell count, RDW-CV: Red cell distribution
width coefficient of variation.

Table IV. Multivariable Logistic Regression Analysis of Factors
Associated with ICU Admission

Variable Adjusted OR (95% Cl) p-value
Age 1.075 (1.039-1.112) <0.001
ASA llI-IV 1.792 (1.028-3.122) 0.039
Diabetes mellitus 2.243 (1.182-4.256) 0.013
Albumin 0.924 (0.874-0.977) 0.005
CRP 1.009 (1.004-1.015) 0.001

Only variables retained in the final multivariable logistic regression
model are presented. OR: Odds ratio, Cl: Confidence interval, ICU:
Intensive care unit, ASA: American Society of Anesthesiologists physical
status, CRP: C-reactive protein.

Atar F and Ozkan Sipahioglu F

Age and ASA score may be considered together, as they cap-
ture different aspects of the same clinical picture. While ad-
vanced age reflects chronological frailty and diminished phys-
iological reserve, the ASA classification is a practical periop-
erative risk indicator that summarizes the patient’s burden
of comorbidities and tolerance to surgical stress (2,14). In the
present study, both variables were independently associat-
ed with postoperative ICU admission. The risk was approxi-
mately 1.8-fold higher in patients classified as ASA llI-IV. Each
additional year of age was associated with a 7.5% increase
in the risk of ICU admission. These findings are consistent
with previous studies (2,13,14). Hip fracture itself imposes
a substantial physiological stress through trauma, pain, im-
mobilization, and the accompanying inflammatory response
(14). In older patients with limited physiological reserve and
higher ASA scores, this additional stress may further increase
the need for postoperative ICU care. Therefore, age and ASA
score can be interpreted as indicators that complement the
response of geriatric patients to acute trauma from different
perspectives.

In our study, the independent association between DM and
postoperative ICU admission supports the role of metabolic
comorbidities in early postoperative monitoring decisions.
Previous studies have reported that DM is associated with
mortality, postoperative complications, and poor functional
outcomes in geriatric patients with hip fracture (15-17). In pa-
tients with DM, chronic hyperglycemia, insulin resistance, mi-
crovascular and macrovascular damage may make metabolic
control more vulnerable after surgical stress (15). Hyperglyce-
mia has also been linked to impaired neutrophil function, re-
duced chemotaxis and phagocytosis, endothelial dysfunction,
and a prolonged inflammatory response (16,17). In addition,
DM may affect adaptive immunity by impairing T-cell func-
tion and reducing antibody production (17). It is noteworthy,
however, that DM in the present study was associated with
postoperative ICU admission rather than prolonged ICU stay.
This finding suggests that DM may primarily reflect metabolic
and vascular vulnerability requiring closer monitoring in the

Table V. Univariate and Multivariable Logistic Regression Analyses of Factors Associated with Prolonged ICU Stay

Variable Univariate OR (95% Cl) p value Adjusted OR (95% Cl) p-value
ASA llI-IV 1.823 (1.274-2.606) 0.001 — —
Congestive heart failure 3.242 (1.880-5.592) <0.001 3.391 (1.858-6.188) <0.001*
Dementia 1.740 (1.140-2.655) 0.010 1.866 (1.172-2.970) 0.009*
Chronic obstructive pulmonary disease 1.972(1.218-3.195) 0.006 1.771 (1.060-2.958) 0.029*
Urea 1.008 (1.002-1.014) 0.008 — —
Albumin 0.928 (0.899-0.957) <0.001 0.931 (0.902-0.961) <0.001*
CRP 1.003 (1.001-1.005) 0.011 — —

*Only variables retained in the final multivariable logistic regression model are presented in the multivariable columns.
OR: Odds ratio, Cl: Confidence interval, ICU: Intensive care unit, ASA: American Society of Anesthesiologists physical status, CRP: C-reactive protein.
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early postoperative period, whereas prolonged ICU stay may
be driven more by different comorbidities that determine
chronic organ reserve.

Serum albumin stood apart from the other laboratory param-
eters in this study. Lower albumin levels were associated with
both postoperative ICU admission and prolonged ICU stay. Al-
bumin is not only an indicator of nutritional status; It is close-
ly related to systemic inflammation, colloid osmotic pressure,
antioxidant capacity, endothelial integrity and microvascular
permeability (18-20). During inflammation, particularly un-
der the influence of proinflammatory cytokines such as in-
terleukin-1 and interleukin-6, hepatic synthesis of CRP and
other positive acute-phase reactants increases, whereas al-
bumin synthesis is suppressed (18,19). Therefore, hypoalbu-
minemia in geriatric patients with hip fracture may represent
a combined signal of malnutrition, inflammatory burden, and
reduced recovery capacity. Previous studies have also report-
ed that hypoalbuminemia is associated with postoperative
ICU requirement and prolonged hospital stay (21,22). Current
findings suggest that serum albumin level may be a meaning-
ful biomarker not only in early postoperative risk assessment
but also in predicting clinical recovery potential during the
intensive care unit period.

The CRP showed a different pattern of association from al-
bumin in the present study. Although elevated preoperative
CRP levels predicted postoperative ICU admission, CRP was
not among the independent predictors of prolonged ICU
stay, it is a nonspecific acute-phase reactant synthesized in
response to trauma, infection, and inflammation, and pro-
vides information about the degree of systemic inflammatory
activity. In acute traumatic conditions such as hip fracture,
increased CRP levels may reflect not only the existing tissue
injury but also the inflammatory burden present before sur-
gery. Increased inflammation may contribute to a higher risk
of cardiopulmonary complications, infection, and hemody-
namic instability in the postoperative period through endo-
thelial dysfunction, catabolic response, immune activation,
and impaired organ function (18). Previous studies in hip
fracture surgery have reported that elevated CRP levels are
associated with mortality, prolonged hospital stay, and read-
mission (23,24). Evidence directly addressing the relationship
between CRP and postoperative ICU requirement, however,
remains limited. In a study of patients undergoing total joint
arthroplasty, elevated preoperative CRP levels were report-
ed to increase the risk of postoperative ICU admission by ap-
proximately 1.8-fold (25). The prognostic value of CRP is not
entirely consistent across the literature (26,27). Differences
in sample size, timing of measurement, the presence of con-
comitant infection or inflammatory disease, and the choice
of outcome measures may account for these discrepancies.
Consequently, high preoperative CRP level may be a useful
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biomarker in identifying patients who may require closer
monitoring in the postoperative period.

Prolonged ICU stay can be considered as an important indica-
tor of the patient’s capacity to restore physiological homeo-
stasis after surgical stress. Eschbach et al. reported that short
and prolonged ICU stays may represent patient groups with
different clinical profiles, and that longer ICU treatment is
generally associated with more severe systemic disturbanc-
es (8). In the present study, lower albumin level, chronic ob-
structive pulmonary disease (COPD), CHF, and dementia were
independently associated with prolonged ICU stay. However,
not all of these variables emerged as independent determi-
nants in the decision for ICU admission. Therefore, we consid-
er that ICU admission may mainly reflect the need for close
monitoring, whereas prolonged ICU stay may be more closely
related to chronic organ reserve and recovery capacity.

The association of COPD, CHF, and dementia with prolonged
ICU stay can be explained through different mechanisms
(6,14,28,29). In geriatric patients with COPD, hypoxemia, hy-
percapnia, and respiratory muscle fatigue may increase the
need for non-invasive or invasive respiratory support (14,28).
Chronic inflammation and immune dysfunction accompa-
nying COPD may also predispose these patients to postop-
erative infections (30). In patients with CHF, limited cardiac
reserve after major surgery may lead to hemodynamic fluc-
tuations, renal dysfunction, arrhythmias, and the need for
mechanical ventilation. Ju et al. reported CHF as one of the
strongest predictors of unexpected ICU admission (6). In our
study, CHF showed the strongest independent association
with prolonged ICU stay among the comorbidities, supporting
the importance of cardiac reserve during the recovery pro-
cess. Cognitive impairment, such as dementia, may also con-
tribute to prolonged critical care needs in geriatric patients
by increasing the risk of delirium, immobilization, infection,
and difficulties in rehabilitation (29). Overall, these findings
suggest that CHF, dementia, and COPD may be important co-
morbidities associated with delayed clinical stabilization in
the ICU.

There are some limitations to this study. First, because of
its retrospective design, potential bias related to data com-
pleteness, patient selection, and unmeasured confounding
variables cannot be completely ruled out. The study was con-
ducted at a single tertiary referral center, which may limit the
generalizability of the results to other patient populations
and different levels of healthcare settings. All laboratory data
were based on preoperative measurements obtained at the
time of the patient’s first hospital admission; therefore, dy-
namic changes in biomarkers such as CRP and albumin over
time could not be evaluated. Electrocardiography, echocar-
diography, and other cardiac assessment findings were not
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included in the analysis. Operative duration, estimated blood
loss, and intraoperative hemodynamic variables were also
unavailable in the electronic medical records and therefore
could not be assessed. Transfusion data could not be ana-
lyzed because blood product amounts were recorded by unit,
and the timing of administration could not be clearly identi-
fied as intraoperative. In addition, the specific surgical pro-
cedure was not analyzed separately. Further subgroup anal-
yses according to the surgical procedure may have provided
additional insight into postoperative ICU admission patterns
and clinical outcomes. Finally, at our institution postoperative
ICU admission was determined according to routine clinical
practice; therefore, the patient’s clinical condition, available
ICU resources, and physician judgment may have influenced
admission decisions. Because of the retrospective design,
electronic medical records did not allow us to distinguish be-
tween planned and unplanned ICU admissions, and patients
admitted directly to the ICU and those transferred from the
ward during the same hospitalization were not analyzed sep-
arately. These factors may have influenced the interpretation
of ICU admission patterns.

CONCLUSION

Overall, this study identified independent clinical and labo-
ratory markers associated with the need for postoperative
intensive care in geriatric patients undergoing hip fracture
surgery. Systematic assessment of readily available preop-
erative clinical and laboratory data may help identify high-
risk patients earlier, support more efficient planning of ICU
resources, and guide more individualized perioperative care.
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