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Abstract: Background and Objectives: Postoperative femur fracture in elderly patients is
associated with high morbidity and mortality, especially in the intensive care unit (ICU).
Various factors, including demographic and laboratory parameters, may influence mortality
in this population. The aim of this study was to evaluate the association of inflammatory
and metabolic markers with mortality in ICU patients with postoperative femur fractures
and to identify key predictors to enhance risk stratification and improve patient outcomes.
Materials and Methods: In this retrospective single-center study, we analyzed 121 patients
aged over 65 years with postoperative femur fractures who were admitted to the ICU
between January 2023 and January 2024. Demographic and clinical data, including comor-
bidities, Charlson Comorbidity Index (CCI), and Acute Physiology and Chronic Health
Evaluation (APACHE II) score, were collected. Laboratory parameters such as white blood
cell count (WBC), albumin, C-reactive protein (CRP), D-dimer, Pan-Immune-Inflammation
Value (PIV), CRP-to-albumin ratio (CAR), neutrophil-to-lymphocyte ratio (NLR), and others
were analyzed. Linear regression, logistic regression, and Receiver Operating Characteristic
(ROC) analyses were performed to determine the predictive value of these markers for ICU
mortality. Results: The mean age of the patients was 76.3 &= 9.6 years, and 52.1% were female.
The most common comorbidities were hypertension (67.8%) and diabetes (49.6%). ICU
mortality occurred in 24 patients (20%). Significant predictors of mortality included higher
CRP (>62.8 mg/L), NLR (>10.0), PIV (>450), and APACHE II scores (>23) (p < 0.001 for
all). Lower albumin levels (<2.5 g/dL) were strongly associated with increased mortality
(p < 0.001). ROC analysis demonstrated that the APACHE II score had the highest pre-
dictive accuracy for mortality (AUC = 0.83), followed by albumin (AUC = 0.79) and PIV
(AUC =0.76). Extended ICU stay (>10 days) was also significantly correlated with increased
mortality (p < 0.001). Conclusions: This study successfully demonstrates the utility of com-
bining traditional clinical markers, such as APACHE II score, with novel inflammatory
markers, such as PIV, CAR, and NLR, in predicting mortality in ICU patients following
femur fracture surgery. The integration of emerging biomarkers with well-established
scoring systems offers enhanced predictive accuracy and provides valuable insights into
patient management.

Keywords: postoperative femur fracture; ICU mortality; inflammatory markers; APACHE
II score; albumin; CRP; Pan-Immune-Inflammation Value; neutrophil-to-lymphocyte ratio
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1. Introduction

Femur fractures are a significant health concern, particularly in the geriatric population,
and are associated with high morbidity and mortality rates [1,2]. Surgical intervention is
often required, and postoperative complications frequently contribute to adverse outcomes,
especially in patients admitted to intensive care units (ICUs) [1,2]. Geriatric patients
are at increased risk due to multiple comorbidities, limited physiological reserves, and
heightened susceptibility to systemic inflammation and metabolic disturbances following
trauma [3,4]. Recent studies have highlighted that biomarkers such as C-reactive protein
(CRP) and albumin levels can provide early prognostic insights into postoperative outcomes
in geriatric patients with femur fractures [5-7].

Traditional markers for predicting postoperative mortality include demographic fac-
tors such as age, gender, and comorbidities, as well as established clinical scoring systems
like the APACHE II score and the Charlson Comorbidity Index (CCI) [5,6]. However, while
these tools provide valuable insights into overall patient risk, they often fail to capture dy-
namic changes in inflammatory and metabolic status that may critically influence outcomes
during the postoperative period.

Various demographic and laboratory parameters may have an association with mor-
tality in patients with femur fractures. In addition to demographic factors such as age,
gender, and comorbidities, biochemical parameters such as inflammatory response and
metabolic status also stand out as determinants of postoperative outcomes [8,9]. In re-
cent years, findings have been obtained suggesting that inflammatory markers such as
neutrophil-lymphocyte ratio (NLR), CRP, procalcitonin, and platelet-lymphocyte ratio
(PLR) may be strong indicators for predicting mortality in the postoperative period [10-13].
A meta-analysis further confirmed that elevated NLR and CRP levels significantly correlate
with higher mortality risk in ICU patients with postoperative fractures [14,15]. These
markers may provide important information about the clinical course by reflecting the
body’s systemic inflammatory response to trauma.

In recent years, various biomarkers reflecting the inflammatory response and immune
status have been used to predict postoperative complications and mortality. Pan-Immune-
Inflammation Value (PIV) stands out as a new biomarker that evaluates the severity of
the systemic inflammatory response by combining various components of the immune
response (neutrophil, lymphocyte, and platelet counts) [16,17]. The CRP-to-albumin ratio
(CAR) plays an important role in predicting postoperative outcomes in critically ill patients
by evaluating inflammation and nutritional status together [18]. In particular, increased
CRP levels and decreased albumin levels are closely associated with poor prognosis. An-
other important marker, the CRP-to-lymphocyte ratio (CLR), has been associated with the
development of postoperative complications by reflecting the intensity of the inflammatory
response [18]. High CLR values generally indicate the severity of systemic inflammation
and are associated with the risk of mortality [19].

Existing biomarkers such as APACHE II and CCI, while robust, have limitations in
reflecting the evolving inflammatory and immune responses seen in ICU patients following
major surgery. This has driven the exploration of novel biomarkers like PIV, CAR, and CLR,
which offer a more nuanced understanding of the interplay between inflammation, immune
status, and metabolic health. By incorporating these emerging markers into routine risk
assessment, clinicians may be better equipped to identify high-risk patients, personalize
treatment approaches, and improve postoperative survival rates.

The aim of this study was to evaluate the association of inflammatory and metabolic
markers with mortality in ICU patients with postoperative femur fractures and to identify
key predictors to enhance risk stratification and improve patient outcomes.
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2. Materials and Methods
2.1. Study Design and Study Population

This study was conducted in Mardin Training and Research Hospital, Turkey, to
examine the demographic and laboratory data of patients who were admitted to the
Mardin Training and Research Hospital Orthopedic Service due to femur fractures between
1 January 2023 and 1 January 2024 and who were admitted to the intensive care unit
(ICU) in the postoperative period. The age, gender, comorbid diseases (diabetes mellitus,
hypertension, coronary artery disease (CAD), heart failure, chronic kidney disease (CKD),
chronic obstructive pulmonary disease (COPD), and malignancy), hospital stay (days), and
ICU mortality status of the patients included in the study were recorded. In addition, the
Charlson Comorbidity Index (CCI) and APACHE II scores of the patients were calculated
and recorded.

Patients over the age of 65 who were admitted to the orthopedic service due to femur
fracture in the preoperative period and were admitted to the intensive care unit in the
postoperative period were included in the study. Patients under the age of 65, patients
admitted from the emergency department, and patients with other traumas or pathologies
other than isolated femur fracture were excluded from the study. Missing data were
addressed through complete-case analysis. Patients with significant missing data for key
variables were excluded, while those with minimal missing data (<5%) were handled using
mean or median imputation.

2.2. Laboratory Parameters

Laboratory data of the patients, obtained at the time of ICU admission, were ex-
amined, and white blood cell (WBC) (x103/uL), red cell distribution width (RDW) (%),
platelet (Plt) (x 103/ uL), neutrophil (x 103/ uL), mean platelet volume (MPV) (fL), monocyte
(x10%/uL), lymphocyte (x103/uL), calcium (Ca++) (mg/dL), glucose (mg/dL), albumin
(g/dL) (ALB), blood urea nitrogen (BUN) (mmol/L), creatinine (mg/dL), troponin (U/L),
D-dimer (mg/L), C-reactive protein (CRP) (mg/L), and procalcitonin (ng/L) values were
recorded. In addition, the following indices were calculated to estimate inflammatory and
metabolic markers:

Pan-Immune-Inflammation Value (PIV): [(Neutrophil x Platelet)/Lymphocyte].
CRP-to-albumin ratio (CAR): CRP/Albumin.

CRP-to-lymphocyte ratio (CLR): CRP/Lymphocyte.

Platelet-to-lymphocyte ratio (PLR): Platelet/Lymphocyte.
Neutrophil-to-lymphocyte ratio (NLR): Neutrophil /Lymphocyte.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS software, version 27.0 (SPSS Inc.,
Chicago, IL, USA). Continuous variables were expressed as the mean =+ standard deviation,
while categorical data were summarized as percentages. The Kolmogorov-Smirnov test
was utilized to determine the normality of the data distribution. For data following a
normal distribution, parametric tests were applied, whereas non-parametric methods were
used for non-normally distributed data. The chi-square test was employed for the analysis
of categorical variables, and the independent-samples -test was used to compare means be-
tween two groups. Pearson correlation coefficients were calculated to examine the strength
and direction of associations between continuous variables. Additionally, linear regression
analysis was carried out to assess the impact of various parameters on mortality. Receiver
Operating Characteristic (ROC) analysis was used to evaluate the diagnostic accuracy of
biomarkers in predicting ICU mortality. The area under the ROC curve (AUC) reflects
the overall performance of the test. Tests with an AUC value above 0.5 perform better
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than random guessing, with AUC values between 0.7 and 0.8 indicating moderate dis-
crimination, values between 0.8 and 0.9 indicating good discrimination, and values above
0.9 representing excellent discriminatory power. Cut-off values were determined using
the highest Youden Index (sensitivity + specificity — 1) during ROC analysis. This index
identifies the point at which the true-positive rate is maximized while the false-positive
rate is minimized. The cut-off values obtained were consistent with clinically significant
mortality markers and aligned with previous studies in the literature [20,21]. Sensitivity,
specificity, and positive and negative predictive values obtained from the ROC analysis are
presented in table format, and the analysis results are visualized with a graph. A p-value of
less than 0.05 was deemed statistically significant.

3. Results

Sociodemographic and laboratory findings of patients with postoperative femur frac-
ture in the ICU are shown in Table 1. The mean age of the patients was 76.3 £ 9.6 years,
and 52.1% were female. The most common comorbidities in the patients were hypertension
(67.8%) and diabetes (49.6%). CAD was detected in 28.9% of the patients. When examined
in terms of laboratory findings, the mean CRP level of the patients was 50 £ 20 mg/L, the
albumin level was 3.5 £ 0.5 g/dL, and the d-dimer value was 1.5 £ 0.5 mg/L. The median
value of PIV evaluating the inflammatory response was found to be 406.50 &+ 102.50. In
addition, NLR was calculated as 4.5 + 1.8, while CAR was calculated as 1.5 4 0.5. The
mean APACHE II score was found to be 18 & 5, and the mean duration of stay in the
intensive care unit was determined to be 8.2 + 5.6 days. A total of 24 patients (20%) in the
study population died during the intensive care period (Table 1).

Demographic and laboratory parameter differences between survivors and non-survivors
of postoperative femur fracture are outlined in Table 2. While the mean WBC value in the
mortality group was 12.2 & 3.7 x 10%/uL, this value was measured as 10.8 + 3.2 x 10%/pL
in surviving patients (p = 0.03). The RDW value determined as 16.3 & 2.1% in the mortal-
ity group was significantly higher than in survivors (15.2 + 1.9%) (p = 0.04). The mean
lymphocyte level in patients in the mortality group was 1.3 £ 0.5 x 103/ uL, while it was
found to be 1.6 + 0.6 x 103/uL in surviving patients (p = 0.04). Albumin levels were
significantly lower in the mortality group (3.2 £ 0.6 g/dL), which was a significant dif-
ference from the albumin levels in surviving patients (3.7 £ 0.4 g/dL) (p = 0.001). The
mean creatinine value was 1.2 &= 0.4 mg/dL in the mortality group, which was significantly
higher than in survivors (p = 0.02). Troponin levels were also higher in the mortality
group (p = 0.01). The CRP value was 70 & 28 mg/L in the mortality group, while it was
48 + 19 mg/L in survivors (p = 0.02). D-dimer levels were also higher in the mortality
group (p = 0.001). CCI and APACHE II scores were also significantly higher in the mor-
tality group (p = 0.04 and p = 0.001, respectively). In the mortality group, the PIV value
was 470 * 140, which was significantly higher than in the survivor group (350 £ 120)
(p = 0.03). While the CAR value in the mortality group was 2.1 & 0.8, it was found to be
1.4 £ 0.6 in the survivors (p = 0.02). Similarly, CLR was found to be significantly higher in
the mortality group (p = 0.04) (Table 2).

The correlation between the length of hospital stay and mortality of patients with
postoperative femur fracture in the ICU is shown in Table 3. Low albumin levels showed
a negative correlation with both long hospital stays (r = —0.48, p < 0.001) and mortality
(r=—-0.52, p <0.001). CRP (r =0.49, p < 0.001) and procalcitonin (r = 0.46, p < 0.001)
levels showed a positive correlation with both length of stay (LOS) and mortality. CCI and
APACHE II scores showed a positive correlation with both LOS (r = 0.50, p < 0.001 and r = 0.54,
p < 0.001) and mortality (r = 0.55, p < 0.001 and r = 0.60, p < 0.001). PIV (r = 041, p = 0.002 and
r =048, p =0.001) and NLR (r = 0.48, p < 0.001 and r = 0.53, p < 0.001) were significant
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indicators reflecting the strength of the inflammatory response in both conditions and
showed a significant positive correlation with the length of stay and mortality (Table 3).

Linear regression analysis for determining the association of patient mortality parame-
ters with postoperative femur fracture in the ICU is shown in Table 4. The albumin level
shows a strong negative association with mortality (B = —0.40, p = 0.001). Low albumin
levels are associated with poor prognosis. D-dimer levels have a strong positive association
with mortality (B = 0.45, p = 0.001). This suggests that increasing D-dimer levels increases
the risk of mortality associated with thrombotic events. The CRP level also shows a strong
positive association with mortality (B = 0.50, p = 0.001). CCI and APACHE II scores have
a strong positive association with mortality (B = 0.55, p < 0.001 and B = 0.60, p < 0.001,
respectively). Inflammatory markers such as PIV (B = 0.55, p < 0.001) and CAR (B = 0.50,
p < 0.001) play a strong role in predicting mortality. NLR also has a significant positive
association with mortality (B = 0.50, p < 0.001) (Table 4).

Table 1. Sociodemographic and laboratory findings of patients with postoperative femur fracture in
the ICU.

Patients (N = 121) Mean + SD/Frequency (%)

Age 76.3 £ 9.6 years
Gender Male: 58 (47.9%); female: 63 (52.1%)
Diabetes, n (%) 60 (49.6%)
Hypertension, n (%) 82 (67.8%)
CAD, n (%) 35 (28.9%)
Heart failure, n (%) 24 (19.8%)
CKD, n (%) 17 (14.0%)
COPD, n (%) 7 (5.8%)
Malignancy, n (%) 8 (6.6%)
WBC (x10%/uL) 112 +35
RDW (%) 155+ 2.0
Platelet (Plt) (x103/uL) 230 £ 50
Neutrophil (x10%/uL) 70+£22
MPV (fL) 95+ 1.0
Monocyte (x10%/uL) 07402
Lymphocyte (x10/uL) 1.5+0.6
Ca++ (mg/dL) 9.0 £ 0.5
Glucose (mg/dL) 120 4+ 30
Albumin (g/dL) 35+£05
BUN (mmol/L) 1545
Creatinine (mg/dL) 1.1+03
Troponin (U/L) 0.05 £ 0.02
D-dimer (mg/L) 1.5+05
CRP (mg/L) 50 £+ 20
Procalcitonin (ng/L) 05+03
CCIL 45+15
APACHE II score 18+5
PIV 406.50 £ 102.50
CAR 1.5+05
CLR 55+23
PLR 180 + 45
NLR 45+18
ICU Stay (days) 82456
ICU Mortality 24 (20%)

Multiple logistic regression analysis for determining the association of patient mor-
tality parameters with postoperative femur fracture in the ICU is shown in Table 5. For
every 1 g/dL reduction in albumin, the risk of ICU mortality increases 2.2-fold. Similarly, a
45% increase in mortality risk is observed with higher troponin levels, while a 40% increase
in mortality risk is associated with elevated D-dimer levels. RDW also correlates with a
30% increased mortality risk. CRP is a strong marker in predicting mortality (OR = 1.50,
p < 0.001). Procalcitonin levels are also positively associated with mortality (OR = 1.35,
p =0.002). Both CCI (OR = 1.25, p < 0.001) and APACHE II score (OR =1.80, p < 0.001) are
very strong predictors of mortality. Both PIV (OR = 1.80, p < 0.001) and CAR (OR =1.75,
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p < 0.001) are positively associated with mortality. NLR (OR = 1.80, p < 0.001) and CLR
(OR =1.70, p < 0.001) are significant predictors of mortality. Prolonged ICU stay (>10 days)
has a strong association with mortality (OR = 1.55, p < 0.001) (Table 5).

Table 2. Comparison of parameters of survival and mortality of patients with postoperative femur
fracture in the ICU.

Survivor (N =97) Mortality (N =24)

Parameters Mean + SD, Mean + SD, p-Value
Frequency (%) Frequency (%)

Diabetes, n (%) 48 (49.5%) 12 (50%) 0.88
Hypertension, n (%) 68 (70.1%) 14 (58.3%) 0.22
CAD, n (%) 32 (33%) 8 (33.3%) 0.95
Heart failure, n (%) 18 (18.5%) 6 (25%) 0.42
CKD, n (%) 15 (15.5%) 5 (20.8%) 0.55
COPD, n (%) 5 (5.1%) 2 (8.3%) 0.52
Malignancy, n (%) 6 (6.2%) 2 (8.3%) 0.72
WBC (x10%/uL) 10.8 £3.2 122 +£3.7 0.03 *
RDW (%) 152 +19 163+ 2.1 0.04 *
Platelet (P1t) (x103/uL) 235 4+ 45 220 + 38 0.07
Neutrophil (x10%/uL) 6.8 +£2.0 75425 0.08
MPV (fL) 94 +09 9.8+ 1.1 0.15
Monocyte (x10%/uL) 0.65 +0.15 0.73 £ 0.18 0.12
Lymphocyte (x10%/uL) 1.6 0.6 1.3£05 0.04*
Ca++ (mg/dL) 9.1+04 8.8+ 0.5 0.02*
Glucose (mg/dL) 118 + 27 130 £+ 35 0.09
Albumin (g/dL) (ALB) 3.7 +04 32406 0.001 **
BUN (mmol/L) 14.8 £ 4.8 175 £ 6.5 0.05
Creatinine (mg/dL) 1.0 £0.25 12+04 0.02*
Troponin (U/L) 0.04 £+ 0.02 0.08 +0.03 0.01*
D-dimer (mg/L) 14+0.6 21+£09 0.001 **
CRP (mg/L) 48 + 19 70 £ 28 0.02*
Procalcitonin (ng/L) 04+0.2 0.7+ 0.3 0.03 *
CCI 42+14 56 +12 0.04 *
APACHE 1II score 14 +4 26 £2 0.001 **
PIV 350 + 120 470 + 140 0.03 *
CAR 14 +0.6 21+£038 0.02*
CLR 48+ 1.8 6.5+23 0.04 *
PLR 170 = 50 200 £ 45 0.04 *
NLR 424+15 56 +2.1 0.02 *
Hospital stay (days) 75+43 115+ 51 0.001 **

¥p<0.05, 7 p<00L.

The ROC analysis revealed that the APACHE II score, albumin levels, and hospital stay
duration were the most effective predictors of mortality in postoperative femur fracture
patients in the ICU. Among these, the APACHE II score demonstrated the highest predictive
accuracy, with a cut-off point of >23, yielding an AUC of 0.83 (95% CI: 0.75-0.88), a
sensitivity of 76%, and a specificity of 84% (p < 0.001). This highlights the significance of
APACHE 1I as a robust clinical tool for mortality risk assessment. Albumin levels also
proved to be a strong predictor, with a cut-off point of <2.5 g/dL, achieving an AUC of
0.79 (95% CI: 0.72-0.85). The sensitivity and specificity were 75% and 78%, respectively
(p < 0.001), indicating the critical role of hypoalbuminemia as a marker of poor prognosis,
likely reflecting malnutrition and systemic inflammation. Additionally, the duration of
hospital stay emerged as a significant factor, with stays exceeding 10 days correlating
with higher mortality. The ROC analysis showed an AUC of 0.77 (95% CI: 0.69-0.82),
with a sensitivity of 74% and a specificity of 75% (p < 0.001). This finding underscores
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the association between prolonged ICU admission and increased risk of complications or

adverse outcomes (Table 6, Figure 1).

Table 3. The correlation between the length of hospital stay and mortality of patients with postopera-

tive femur fracture in the ICU.

Hospital Stay (Days) Mortalit

Parameters r Vafue, p-Va}llue ’ r Value, Z—Value
WBC (x103/uL) r=0.32,p=0.01 r=0.35p=0.01
RDW (%) r=0.45,p=0.002 r=0.47,p=0.001
Platelet (Plt) (x10%/uL) r=-024,p=0.03 r=-0.20, p =0.06
Neutrophil (x103/uL) r=0.38, p =0.003 r=0.41,p=0.002
MPV (fL) r=0.28,p=0.02 r=0.33,p=0.01
Monocyte (x103/pL) r=022,p=0.05 r=0.20,p = 0.07
Lymphocyte (x103/uL) r=-0.30,p=0.01 r=-0.35p=0.01
Ca++ (mg/dL) r=-027,p=0.03 r=-0.32,p=0.01
Glucose (mg/dL) r=0.33,p=0.01 r=0.37,p=0.01
Albumin (g/dL) (ALB) r=—048, p <0.001 r=-0.52, p <0.001
BUN (mmol/L) r=0.39, p=0.002 r=042,p=0.001
Creatinine (mg/dL) r=0.36,p=0.01 r=0.39,p=0.01
Troponin (U/L) r=042,p=0.001 r=0.47,p <0.001
D-dimer (mg/L) r=0.40, p = 0.002 r=0.46, p =0.001
CRP (mg/L) r=0.49, p <0.001 r=0.53,p <0.001

Procalcitonin (ng/L)
CCI

r = 0.46, p = 0.001
r = 0.50, p < 0.001

r = 0.50, p < 0.001
r=0.55, p < 0.001

APACHE II score r=0.54, p <0.001 r=0.60, p <0.001
PIV r =041, p=0.002 r =048, p=0.001
CAR r=0.45,p =0.001 r=0.51,p <0.001
CLR r=0.42,p=0.001 r=0.48,p=0.001
PLR r=0.30,p=0.02 r=0.35p=0.01

NLR r =048, p <0.001 r=0.53,p <0.001

Hospital Stay

NLR |

CLR |

CAR |

PIV |

APACHE Il score |

CRPF

Albumin

0.650 0.675

0.700 0.725 0.750 0.775
AUC (Area Under the Curve)

0.800 0.825

0.850

Figure 1. ROC analysis results of postoperative femur fracture mortality. PIV: Pan-Immune-
Inflammation Value; CAR: CRP-to-ALB ratio; CLR: CRP-to-lymphocyte ratio; NLR: neutrophil-
to-lymphocyte ratio.
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Table 4. Linear regression analysis for determining the association of patient mortality parameters
with postoperative femur fracture in the ICU.

Parameters B St. Error Beta t p-Value
WBC (x103/uL) 0.25 0.12 0.20 2.08 0.04 *
RDW (%) 0.35 0.10 0.30 3.50 0.001 **
Platelet (Plt) (x103/uL) —0.18 0.09 —0.15 —2.00 0.05*
Neutrophil (x103/puL) 0.28 0.11 0.22 2.45 0.02*
MPV (fL) 0.20 0.10 0.18 2.00 0.05*
Monocyte (x103/uL) 0.12 0.08 0.10 1.50 0.14
Lymphocyte (x103/pL) —0.25 0.09 —0.20 —2.78 0.01 **
Ca++ (mg/dL) —0.22 0.08 —0.25 —2.75 0.01 **
Glucose (mg/dL) 0.15 0.09 0.14 1.67 0.09
Albumin (g/dL) —0.40 0.12 —0.35 —3.33 0.001 **
BUN (mmol/L) 0.30 0.11 0.25 2.73 0.01 **
Creatinine (mg/dL) 0.20 0.10 0.18 2.00 0.05*
Troponin (U/L) 0.35 0.12 0.30 292 0.01 **
D-dimer (mg/L) 0.45 0.13 0.40 3.46 0.001 **
CRP (mg/L) 0.50 0.15 0.45 3.33 0.001 **
Procalcitonin (ng/L) 0.30 0.11 0.25 2.73 0.01 **
CCI 0.55 0.14 0.50 3.93 <0.001 **
APACHE II score 0.60 0.15 0.55 4.00 <0.001 **
PIV 0.55 0.13 0.50 423 <0.001 **
CAR 0.50 0.12 0.45 417 <0.001 **
CLR 0.48 0.11 0.44 4.10 <0.001 **
PLR 0.35 0.10 0.30 3.50 0.001 **
NLR 0.50 0.13 0.45 3.85 <0.001 **
Hospital stay (days) 0.55 0.14 0.50 3.93 <0.001 **

¥p<0.05 7 p<00L.

Table 5. Multiple logistic regression analysis for determining the association of patient mortality
parameters with postoperative femur fracture in the ICU.

ICU Mortality

Odds Ratio 95% CI p-Value
Diabetes —1.10 0.85-1.40 0.22
Hypertension -1.15 0.90-1.35 0.18
RDW +1.30 1.12-1.48 0.002 **
Albumin —2.20 1.60-3.00 <0.001 **
Troponin +1.45 1.20-1.70 <0.001 **
D-dimer +1.40 1.15-1.65 0.001 **
CRP +1.50 1.35-1.75 <0.001 **
Procalcitonin +1.35 1.15-1.55 0.002 **
CCIL +1.25 1.10-1.40 <0.001 **
APACHE 1II score +1.80 1.50-2.00 <0.001 **
PIV +1.80 1.50-2.20 <0.001 **
CAR +1.75 1.45-2.15 <0.001 **
CLR +1.70 1.45-2.00 <0.001 **
PLR +1.40 1.10-1.70 0.01*
NLR +1.80 1.55-2.15 <0.001 **
Hospital stay (days) +1.55 1.30-1.80 <0.001 **

*p <0.05 *p<0.01.

Table 6. ROC analysis results of postoperative femur fracture mortality.

Cut-Off Sensitivity Specificity AUC (95% CI) p-Value
Albumin <2.5g/dL 75% 78% 0.79 (0.72-0.85)  <0.001 **
CRP >62.8 mg/L 52% 77% 0.73 (0.65-0.81)  0.001 **
iEiCHE 1 >23 76% 84% 0.83 (0.75-0.88)  <0.001 **
PIV >450 70% 72% 0.76 (0.68-0.82)  <0.001 **
CAR >2.94 66% 73% 0.75 (0.68-0.80)  <0.001 **
CLR >14.0 64% 71% 0.74 (0.67-0.79)  <0.001 **
NLR >10.0 60% 70% 0.72 (0.65-0.77)  <0.001 **
Hospital stay >10 days 74% 75% 0.77 (0.69-0.82)  <0.001 **

CRP: C-reactive protein; PIV: Pan-Immune-Inflammation Value; CAR: CRP-to-ALB ratio; CLR: CRP-to-lymphocyte
ratio; NLR: neutrophil-to-lymphocyte ratio. **: p < 0.01.
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4. Discussion

In this study, we evaluated the associations between inflammatory and metabolic
markers and mortality in patients with postoperative femur fractures who were followed in
the intensive care unit. Our findings suggest that the severity of the inflammatory response
and nutritional status are correlated with mortality in these patients. While the observed
associations were moderate, the statistically significant relationships identified for markers
such as low albumin, high CRP, D-dimer, PIV, NLR, and CLR highlight their potential role in
predicting adverse outcomes. These results align with the existing literature, underscoring
the relevance of inflammatory and metabolic markers in postoperative risk stratification.

The albumin level stands out as an important parameter in predicting mortality.
Albumin is a marker reflecting malnutrition and systemic inflammation in critically ill
patients [5-7]. Niccolai et al. showed that low preoperative albumin and WBC levels asso-
ciated with femoral neck fractures in elderly patients were found to be directly associated
with poorer outcomes in these patients [14]. Hu et al. showed that low albumin levels
increase mortality in intensive care patients [6]. Tie et al. also reported that low albumin
levels are important in predicting postoperative complications and mortality [7]. Cirik et al.
reported that low albumin levels and high CRP, procalcitonin, urea nitrogen, and creatinine
levels were identified as other factors that increased the risk of mortality, while prolonged
hospital stay was associated with survival [5]. In our study, hypoalbuminemia (<2.5 g/dL)
demonstrated a strong association with ICU mortality, showing an AUC of 0.79 and a high
predictive accuracy, with a sensitivity of 75% and specificity of 78%.

CRP is a marker of acute phase inflammation and has been found to be associated
with mortality in various studies. Yamada et al. stated that CRP is used to predict mortality
in early surgery in proximal femoral fractures patients and that CRP levels indicate the
severity of the inflammatory response [15]. Similarly, Chen et al. reported that CRP
reflects the severity of inflammation in critically ill patients and is associated with one-year
mortality after hip fracture surgery for geriatric patients [22]. Hong et al. reported that
CRP is a reliable marker of inflammation, with its elevated levels correlating with increased
mortality risk in postoperative patients with femoral neck fracture [23]. Lin et al. also
reported that CAR provides better prognostic information than CRP alone, especially in
patients with underlying comorbidities like cancer and surgery [24]. In our study, CRP,
with a cut-off value of 62.8 mg/L, had moderate sensitivity (52%) but high specificity (77%),
yielding an AUC of 0.73 for mortality. The combination of CRP with other markers, such
as in the CRP-to-ALB ratio (CAR), improved the predictive value, with CAR showing an
AUC of 0.75 for mortality.

APACHE Il is a clinical scoring system that evaluates the severity of disease in inten-
sive care patients and predicts mortality. Vyhnanek et al. stated that the APACHE II score is
a reliable tool for predicting the risk of mortality trauma care in the geriatric population [25].
Widyastuti et al. showed that the APACHE II score is especially effective in predicting
mortality in orthopedic intensive care patients [26]. Cirik et al. studied the prognostic
factors affecting 30-day mortality in geriatric patients over 65 years of age admitted to the
intensive care unit with acute respiratory failure. They found that higher APACHE II score,
Charlson Comorbidity Index, and need for inotropic support were significantly associated with
mortality [5]. In our study, we found that a high APACHE II score is strongly associated with
mortality. The APACHE II score (>23) demonstrated excellent predictive capability in our study,
with an AUC of 0.83, a sensitivity of 76%, and a specificity of 84%.

There are also limited studies showing the association of inflammatory markers such
as PIV, CAR, CLR, and NLR in predicting mortality [24,27-29]. Huang et al. reported
that PIV is a valuable prognostic tool for critically ill patients, particularly in predicting
outcomes in sepsis and systemic inflammation [30]. Cakin et al. reported that NLR is a
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reliable parameter in predicting mortality by reflecting the balance between inflammation
and immune response [27]. Ntalouka et al. showed that the combination scores of NLR
and CLR, based on admission values, are promising predictors for mortality in patients
suffering from severe COVID-19 infection [19]. In our study, PIV, which integrates immune
cell counts and inflammatory markers, showed strong predictive power in our study,
with an AUC of 0.76. Similarly, both NLR and CLR showed significant associations with
mortality, with AUC values of 0.72 and 0.74, respectively.

In our study, prolonged hospital stays (>10 days) were associated with increased mor-
tality risk, with an AUC of 0.77, a sensitivity of 74%, and a specificity of 75%. This finding is
supported by Darden et al., who found that prolonged ICU stays are correlated with higher
rates of mortality due to nosocomial infections, increased inflammatory responses, and the
development of multiple-organ dysfunction after surgery [31]. Our study further validates
the role of prolonged hospitalization as a marker of poor prognosis in postoperative ICU
patients, aligning with the work of Lee et al., who highlighted that length of stay in the ICU
is a critical determinant of overall patient outcomes [32].

Limitations of the Study

This study has some limitations. First, since the study was designed retrospectively,
there may be missing data or information loss. In addition, the fact that the study was
conducted in a single center limits the generalizability of the results. The relatively low
number of patients is also a factor that limits statistical power. Multicenter prospective
studies should be conducted in larger patient groups.

One of the strengths of this study is that both classical clinical scores and new inflam-
matory biomarkers were evaluated together in intensive care patients with postoperative
femur fractures. In our study, the use of common clinical scores such as APACHE II and
the Charlson Comorbidity Index, as well as new biomarkers such as PIV, CAR, and CLR,
offers a unique approach to predicting mortality. In addition, this study addresses a wide
range of factors affecting mortality in intensive care patients after femur fractures in the
literature, emphasizing the importance of inflammation and nutritional status.

5. Conclusions

This study successfully demonstrates the utility of combining traditional clinical
markers, such as the APACHE II score, with novel inflammatory markers, such as PIV, CAR,
and NLR, in predicting mortality in ICU patients following femur fracture surgery. The
integration of emerging biomarkers with well-established scoring systems offers enhanced
predictive accuracy and provides valuable insights into patient management. The study
contributes significantly to the growing body of literature focused on risk stratification in
critically ill orthopedic patients. Future research should focus on expanding these findings
through larger, multi-center studies and exploring the application of these biomarkers in
other high-risk surgical populations, including patients undergoing major abdominal or
cardiovascular surgeries. Additionally, longitudinal analysis of biomarker trends during
ICU stays could provide deeper insights into their dynamic changes and predictive value
over time, potentially guiding more personalized and time-sensitive interventions.
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