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ABSTRACT

Objective: This study aimed to investigate the prognostic value of the Charlson comorbidity index (CCI), American Society of Anesthesiologists
(ASA) status, and Acute Physiology and Chronic Disease Evaluation Il (APACHE-II) score in critically ill geriatric hip fracture patients followed
in the surgical intensive care unit (SICU).

Materials and Methods: Critical geriatric hip fracture patients who underwent surgery and were followed in the SICU between January 2022
and December 2023 were evaluated retrospectively. The performance of CCl, ASA status, and APACHE-II scores in predicting in-hospital
mortality was investigated.

Results: The study included 137 patients, and 66.4% (n=91) were female. ASA IV status, APACHE-II, CCI score, and the number of patients
with coronary vascular disease/heart failure were significantly higher in the mortality group (p=0.003, p<0.001, p<0.001, and 0.010,
respectively). Mean Glasgow Coma Scale and serum albumin levels at SICU admission were significantly lower in the mortality group
(p=0.008 and p=0.006, respectively). ASA status, APACHE-II, and CCl scores were independent predictors of mortality (p=0.002, p=0.022,
and p=0.034, respectively). In ROC curve analysis, the area under the curve (AUC) for APACHE-II was 0.803 (95% ClI, 0.697-0.908), AUC for
CCl was 0.742 (95% ClI, 0.598-0.886), and AUC for ASA status was 0.614 (0.458-0.769).

Conclusions: CCl, ASA status, and APACHE-II scores independently predict in-hospital mortality in patients with critical hip fractures. It has
prognostic value in predicting mortality and is listed from highest to lowest as APACHE-II, CCl, and ASA status.
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proportion of the geriatric population (= 65 years) in
Turkey has increased to 9.9% (2). Visual and hearing
impairments, decreased muscle strength and activity,
decreased bone density and joint flexibility, decreased
motor and cognitive functions, comorbidities, and

Introduction

Hip fractures are a leading cause of morbidity and
mortality in the geriatric population (=65 years). It is
also among the top 10 causes of disability-adjusted

life years lost for older adults (1). The proportion of the
geriatric population is increasing rapidly in developed
and developing countries due to increasing life
expectancy and decreasing birth rates. According to
the 2022 data from the Turkish Statistical Institute, the
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polypharmacy in the geriatric population increase
the risk of trauma (3). The most common mechanism
of traumatic injury in geriatric patients is falls from
ground level, and hip fractures occur frequently (4-6).
The mortality rate in patients with hip fractures within
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the first year was reported as 21.9% in women and
32.5% in men (7). Deaths following hip fractures in the
geriatric population are often due to cardiovascular
and respiratory complications. Mortality rates increase
in patients who develop pneumonia, pulmonary
embolism, arrhythmias, and acute cardiovascular
collapse. Critical geriatric hip fracture patients are
frequently monitored in the intensive care unit (ICU) in
the early postoperative period.

Prognostic scoring systems help predict mortality
and plan aggressive treatment in critically ill patients
followed in the ICU. Anesthesiologists frequently
use the American Society of Anesthesiologists
(ASA) status to determine preoperative physical
status. However, the Acute Physiology and Chronic
Disease Evaluation-Il (APACHE-II) score helps predict
mortality in patients admitted to the ICU. Scoring
systems such as the Glasgow coma scale (GCS) and
the revised trauma score, specific to trauma patients,
have been reported to have prognostic value in critical
trauma patients (6). Charlson comorbidity index
(CClI) is a scoring system with prognostic value that
considers patients’ age and chronic diseases. CCI
has prognostic value in various clinical conditions and
helps predict 30-day and 1-year mortality in patients
with hip fractures (8-10).

This study compared the performances of CCIl, ASA
status, and APACHE-II scores in predicting in-hospital
mortality in critically ill geriatric hip fracture patients
who were followed up and treated postoperatively in a
tertiary hospital’s surgical ICU (SICU).

Materials and Methods

This comprehensive retrospective observational study
was conducted according to the principles of the
Declaration of Helsinki. It was initiated after approval
from the Clinical Research Ethics Committee of
University of Health Sciences, Istanbul Kanuni Sultan
Suleyman Training and Research Hospital (date:
08.05.2024, KAEK/2024.05.89). The study included
patients who underwent surgery for geriatric hip

fractures at the University of Health Sciences, Istanbul
Kanuni Sultan Suleyman Training and Research
Hospital between January 2021 and December
2023 and were followed up in the SICU during the
postoperative period. Patient data were accessed
through the hospital information system and patient
files.

Inclusion criteria: Patients aged 65 years and older
who underwent surgery due to geriatric hip fracture
and were followed up in the SICU postoperatively.
Exclusion criteria: (1) trauma to another extremity
or body part in addition to hip fracture; (2) viral
and bacterial infection within the last month; (3)
deterioration and admission to the SICU while being
followed up in the inpatient service postoperatively, (4)
intraoperative cardiovascular arrest (5) missing data.

Our hospital, a tertiary healthcare institution, provides
postoperative surgical intensive care unit (SICU)
care with eight beds. Geriatric hip fracture patients
with ASA Il status or higher who are at high risk for
cardiac, respiratory, or other systemic conditions are
monitored in the SICU postoperatively. Patients who
are not at high risk but who exhibit hemodynamic
instability, cardiac, or respiratory failure during the
perioperative period are also monitored in the SICU
at the discretion of the anesthesiologist. The current
study did not standardize SICU admission criteria.
Patients deemed high risk during the preanesthetic
visit or those identified as having hemodynamic
instability during the intraoperative period and
requiring close monitoring were admitted to the SICU.

The data collected, including demographic data,
ASA status, comorbidities, CCIl, Glasgow Coma
Scale (GCS) and Acute Physiology and Chronic
Disease Evaluation-ll (APACHE-II) scores at the time
of admission to SICU, anesthesia methods, SICU
and hospital stay, hemoglobin and albumin levels
at admission, and in-hospital mortality, is of utmost
importance in understanding critical care outcomes.
These findings were then categorized into a survivor
group and a mortality group based on in-hospital
mortality, a significant factor in critical care outcomes.
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Charlson comorbidity index (CCI)

Charlson et al. developed the Charlson Comorbidity
Index in 1987 to classify comorbidities that may
affect the risk of death. The CCI is the most widely
used comorbidity index to determine survival (1 year
and 10 years) in patients with comorbidities (8). Each
comorbidity is scored 1, 2, 3, or 6. The scores are
added to provide a total score to predict mortality. As
the CCI score increases, the patient’s mortality risk
increases.

Comorbid diseases and corresponding scores in the
CCl are listed below:

1 points each: Cerebrovascular disease, chronic lung
disease, congestive heart failure, dementia, diabetes
(under control), liver disease (mild), myocardial
infarction, peptic ulcer disease, peripheral vascular
disease, rheumatologic disease.

2 points each: Diabetes (uncontrolled, end organ
damage present), hemiplegia and paraplegia, kidney
disease, leukemia, lymphoma, malignancy (localized).

3 points each: Moderate or severe liver disease
6 points each: AIDS, metastatic malignancy

The following points are added to the CCI score of
patients aged 50 and over:

Age 50 to 59: +1 point added

Age 60 to 69: +2 points added

Age 70 to 79: +3 points added

Age 80 and above: +4 points added.

The study’s primary objective was to compare the
performance of CCl, ASA status, and APACHE-II
scores in predicting in-hospital mortality in patients
with geriatric hip fractures who were followed in the
SICU. The sample size was not determined in this
retrospective cohort study, and all patients who met
the inclusion and exclusion criteria during the study’s
two years were included.
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Statistical analysis

All analyses were performed using SPSS v27.0
software (SPSS Inc., Chicago, USA). The conformity
of the data to normal distribution was evaluated
using the Shapiro-Wilks test, histogram, skewness,
and kurtosis. Descriptive statistics were expressed
as number of patients, percentage, and median
(interquartile range = Q1-Q3). Mann-Whitney U test
and independent samples t-test were used in the
analysis of quantitative data. Qualitative data were
analyzed using the Pearson chi-square test and Fisher
exact test. Multivariate logistic regression analysis
was performed to determine independent predictors
that effectively predict mortality. Receiver operating
characteristics (ROC) curve analysis was performed
to determine the prognostic value of CCI, ASA status,
and APACHE-II score. Statistical significance was set
atp < 0.05.

Results

Between June 2021 and December 2023, 137 patients
aged 65 years and older who underwent surgery
(hemiarthroplasty and proximal femoral nail) due to
hip fracture and were followed up in the SICU after
surgery were included in the study (Figure 1). The
mean age in the entire population was 79.1+8.4 years,
and 66.4% (n=91) were female. Age, gender, and
BMI did not differ significantly between the groups
(p=0.692, p=0.113, and p=0.786, respectively). The
mean GCS scores on admission to the SICU were
significantly lower in the mortality group (11.7+2.7 vs.
13.7=1.5, p=0.008). The number of ASA IV patients
was significantly higher in the mortality group (27.8%
vs. 5%, p=0.003). The mean APACHE-Il score at
admission to the SICU was significantly higher in the
mortality group than in the survival group (20.1+6.4
vs. 13.9%+4.3, p<0.001). CCl was significantly higher
in the mortality group (5.9+1.4 vs. 4.8+1.2, p<0.001).
Spinal anesthesia was performed in 84.7% (n=116)
of geriatric hip fracture patients, and the type of
anesthesia did not differ significantly between the
groups (p=0.211). At admission to the SICU, the mean
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January 2022- December 2023
145 patients with geriatric hip
fractures in the surgical
intensive care unit

Excluded (n=8)

Admission to SICU after
postoperative ward follow-up (n=5)
Missing data (n=3)

Included in the study (n=137)

Group Survivor (n=119)

[ Analysis J

Group Mortality (n=18)

Figure 1. Flow chart of the study

hemoglobin values were lower in the mortality group,
but no significant difference was observed (p=0.056).
The mean ICU stay for the entire population was
4.1+6.5 days, and the mean hospital stay was 7.7+6.7
days. The in-hospital mortality rate for the entire
population was 13.1% (Table 1).

The most common comorbidities were hypertension
in 67.9% (n=93) of the entire population, CVD/HF
in 34.3% (n=47), and diabetes in 29.9% (n=41). In
the mortality group, only CVD/HF (61.1% vs. 30.2%,
p=0.010) was significantly higher than in the survivor
group (Table 2).

After univariate analysis, multivariate analysis was
performed. The risk ratio and 95% confidence
interval were reported for each significant variable in

multivariate analysis. ASA, APACHE-II, CCI, and GKS
scores were found to be independent predictors of
mortality (p=0.002, p=0.022, p=0.034, and p=0.002,
respectively) (Table 3).

When the prognostic values of the scores in predicting
mortality were evaluated with ROC curve analysis, the
cut-off value of the ASA score was = 3.5, and the area
under the curve (AUC) = 0.614 (95% CI, 0.458-0.769).
The cut-off value of the APACHE-II score was = 17.5
and AUC= 0.803 (95% Cl, 0.697-0.908), and the cut-
off value of CCl was = 6.5 and AUC= 0.742 (95% ClI,
0.598-0.886). The mortality prediction performances
were determined based on the APACHE-II score, CCl,
and ASA status, from highest to lowest. (Figure 2,
Table 4).
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Table 1. Clinical characteristics.

Variable

Age (years)
Mean £ S.D
Median (Q1-Q3)
Age (range)
65-74

75-84

285

Sex, n (%)
Female

Male

Body mass index
MeantS.D
Median (Q1-Q3)
GCS

Mean +S.D
Median (Q1-Q3)
ASA status

Il

M

1%

APACHE-II
Mean +S.D
Median (Q1-Q3)
ccl

MeantS.D
Median (Q1-Q3)
Anesthesia type
Spinal
Spinal+Epidural
General
Hemoglobin (g/dL)
Mean+S.D
Median (Q1-Q3)
Albumin (g/dL)
MeanzS.D
Median (Q1-Q3)

Length of stay in SICU (days)

MeantS.D
Median (Q1-Q3)

Length of stay in hospital (days)

MeanS.D
Median (Q1-Q3)

All population (n=137)

79.148.4
79 (73-85)

46 (33.6)
51(37.2)
40 (29.2)

26.614.7
25.7 (23.5-29.3)

13.441.8
14 (12-15)

20 (14.6)
106 (77.4)
11(8)

14.745.1
14 (12-17)

4.9+1.3
5 (4-6)

116 (84.7)
11(8)
10 (7.3)

10.441.6
10.4 (9.3-11.2)

3.0:0.5
3.1(2.7-3.4)

4.116.5
2(1-4)

7.7%6.7
6 (58)

Survivor (n=119)

78.918.3
78 (73-85)

40 (33.6)
46 (38.7)
33 (27.7)

82 (68.9)
37 (31.1)

26.614.8
25.7 (23.6-29.3)

13.741.5
14 (13-15)

19 (16)
94 (79)
6 (5)

13.9¢4.3
13 (11-15)

4.841.2
103 (86.6)
9(7.6)

7(5.9)

10.441.7
10.5(9.4-11.2)

3.0£0.5
3.1(2.7-3.4)

2.844.1
2(1-3)

6.314.4
6 (4-7)

Mortality (n=18)

79.848.9
79 (72-88)

6 (33.3)
5(27.8)
7(38.9)

26.2+4.2
25.3 (23.4-29.7)

11.742.7
11 (9-15)

1(5.6)
12 (66.7)
5(27.8)

20.146.4
20 (14-22)

5.9+1.4
7(57)

13(72.2)
2(11.1)
3(16.7)

9.9+1.3
9.7 (9.2-10.2)

2.74¢0.5
2.7 (2.5-3.1)

12.7411.4
10 (4-19)

17.1410.9
15 (8-22)

p-value
0.692

0.559

0.113

0.786

0.008

0.003

<0.001

<0.001

0.211

0.056

0.006

<0.001

<0.001

GCS: Glasgow Coma Scale, ASA: American Society of Anesthesiologist, APACHE-II: Acute Physiology and Chronic Health Assessment-Il, CCI: Charlson Comorbidity

Index, SICU: Surgical Intensive Care Unit.
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Table 2. Comorbidities in geriatric hip fracture patients.

Comorbidity, n (%) All population (n=137)
Hypertension 93 (67.9)
CVD/HF 47 (34.3)
Diabetes 41 (29.9)
Stroke 21(15.3)
Asthma /COPD 16 (11.7)
Chronic renal failure 14(10.2)

Survivor (n=119) Mortality (n=18) p-value
79 (66.4) 14.(77.8) 0.335
36 (30.3) 11(61.1) 0.010
32 (26.9) 9 (50) 0.056
18 (15.1) 3(16.7) 0.866
14(11.8) 2(11.1) 1.000
10 (8.4) 4(22.2) 0.090

CVD/HF: Coronary vascular disease/heart failure, COPD: Chronic obstructive pulmonary Disease.

Table 3. Multivariate logistic regression analysis.

0dds Ratio
ASA status 0.047
APACHE-II 1.149
CcCl 1.922
GCS 0.534
Albumin 0.416
CVD/HF 3.199

95% Cl (min-max) p-value
0.007-0.328 0.002
1.020-1.295 0.022
1.049-3.522 0.034
0.361-0.789 0.002
0.088-1.955 0.266
0.685-14.940 0.139

ASA: American society of anesthesiologist, APACHE-II: Acute Physiology and Chronic Health Assessment-Il, CCl: Charlson Comorbidity Index, GCS: Glasgow coma
scale, CVD/HF: Coronary vascular disease/heart failure.
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Figure 2. ROC curve for prognostic scores

Receiver operating characteristics curve analyses of prognostic scores in
geriatric hip fracture patients. The AUCs of APACHE-Il was 0.803 (95% Cl,
0.697-0.908), AUCs of CCl was 0.742 (95% Cl, 0.598-0.886), and AUCs of
ASA status was 0.614 (95% Cl, 0.458-0.769).

AUC: area under the curve, Cl: confidence intervals, APACHE-I: Acute
Physiology and Chronic Health Assessment-ll, CCI: Charlson Comorbidity
Index, ASA: American society of Anesthesiologist

Discussion

In this study conducted in a tertiary healthcare
institution, low GCS scores, high ASA status and
APACHE-IIscores,and CClwerefoundto be associated
with mortality in patients who underwent surgery due
to geriatric hip fracture and were followed up in the
SICU in the postoperative period. Comorbid diseases
were not independent predictors of mortality. ASA
status, APACHE-II, CCI, and GCS were determined
to be independent predictors of mortality. In patients
with geriatric hip fracture, the scores that performed
best in predicting in-hospital mortality were APACHE-
Il (AUC=0.803), CCI (0.742), and ASA status (0.614),
from highest to lowest.

Low-energy traumas, such as falls from the same level,
are frequently seen in the geriatric population and
mostly cause hip fractures (proximal femur fractures)
(11). Approximately 30% of adults aged 60 and over
fall annually (12). It has been reported that more
than 1.5 million people are affected by hip fractures
globally each year and that the highest mortality is
seen within the first 30 days (13). Many parameters,
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Table 4. Mortality prediction performance of ASA status, APACHE-Il and CCl score.

Cut-off Sensitivity Specificity AUC (95% CI)
ASA status 3.5 0.278 0.950 0.614 (0.458-0.769)
APACHE-II 17.5 0.667 0.857 0.803 (0.697-0.908)
CcCl 6.5 0.556 0.908 0.742 (0.598-0.886)

AUC: Area Under Curve, Cl: Confidence interval, ASA: American society of anesthesiologist, APACHE-II: Acute Physiology and Chronic Health Assessment-Il, CCI:

Charlson Comorbidity Index,

such as type of injury, type of operation and
surgical technique, early postoperative mobilization,
postoperative cognitive impairment, and delirium,
are associated with morbidity and mortality in the
geriatric population. A meta-analysis reported that the
female gender ratio was higher than male in patients
with hip fractures and was determined as 61%-87.7%
(14). Although it was reported that mortality was
significantly higher in males, there are also studies
reporting that gender does not affect mortality (15,16).
The in-hospital mortality rate for geriatric hip fractures
has been reported to be between 4-12% (17). It has
been stated that the mortality risk is highest in the first
4 weeks after the fracture (15). In another study, it was
stated that the in-hospital mortality rate for geriatric
hip fractures was determined to be 32%. The authors
reported that the high mortality rate may be due to the
study’s inclusion of COVID-19-positive patients (18).
In the current study, the in-hospital mortality rate in
geriatric hip fractures was found to be 13.1%. Although
the female gender ratio was high in the literature,
gender did not significantly affect in-hospital mortality.

Various comorbidities such as hypertension,
coronary artery disease, and diabetes are frequently
encountered in the geriatric population. Increased
comorbidities increase perioperative  morbidity
and mortality. Previous myocardial infarction and
congestive heart failure have been reported to be
predictors of mortality in the geriatric population
(19). The ASA Physical Status Classification System
classifies patients into six classes based on their
current health status, including underlying medical
conditions that may affect anesthesia. Patients with
higher ASA status are associated with increased
perioperative complications and mortality. Similarly,
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higher CCl scores have been associated with short-
and long-term mortality in patients with hip fractures.
(19,20). Haugan et al. reported that CClI and ASA
scores have similar prognostic value in predicting
mortality in patients with geriatric hip fractures
(20). Hasan et al. found that the risk of developing
postoperative complications in patients with high CCl
scores was 1.45 times higher than in patients with low
CCI scores (15). The authors also reported that the
probability of developing postoperative complications
in patients with higher ASA status was 1.77 times
higher than in patients with low ASA status. Lakomkin
et al. examined the relationship between CCl and
postoperative side effects in repeat hip surgery. They
stated that high CCl scores were associated with
major complications. The authors also reported that
CCI was significantly associated with mortality after
surgery (21). In our study, coronary vascular disease/
heart failure was found to be significantly higher in
the mortality group. However, multivariate regression
analysis determined that it was not an independent
predictor of mortality. In addition, high ASA status
and CCI were found to be independent predictors of
mortality in hip fracture patients in the postoperative
SICU. The predictive performance of CCl (>6) was
found to be superior to the ASA score (>3) in predicting
in-hospital mortality (AUC 0.742 vs. 0.614). However,
complications other than in-hospital mortality were
not evaluated in our study. CCl score provides more
detailed scoring than the ASA classification. Health
status and lifestyle factors such as smoking and
obesity may be associated with mortality. However,
they are not taken into account in CCI, while they are
taken into account in ASA status. Accurate calculation
of CCI score requires a comprehensive review of
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medical records. However, the superiority of CCl over
ASA is more helpful in predicting in-hospital mortality.

The APACHE Il score is a widely used, reliable, and
easily administered tool for predicting mortality
risk in patients monitored in the ICU based on their
physiological values in the first 24 hours. The APACHE-
Il score evaluates 12 physiological parameters, as well
as the patient’s age and previous health status. The
maximum score is 71, with higher scores indicating a
poor prognosis. The APACHE-II score is not a trauma-
specific scoring system. It has been reported to be
prognostic in predicting mortality in various patient
groups monitored in the ICU. Furthermore, it has
also been reported to help determine the prognosis
in trauma patients (22-24). To our knowledge, the
predictive performance of APACHE-Il, which is
routinely recorded in postoperative hip fracture
patients followed in SICU, and CCIl and ASA status in
predicting mortality has not been compared. In our
study, the predictive performance of the APACHE-
Il score was superior to both CCl and ASA status.
The detailed structure of the APACHE-II score, which
includes 12 physiological parameters, patient age, and
surgical history, effectively prevented this situation
from arising. However, CCl also has an acceptable
prognostic value.

Other surgical and anesthesia-related conditions may
affect mortality in patients with hip fractures. Some
opinions state that the type of anesthesia does not
affect mortality (4,18,25). In our study, however, it was
determined that the type of anesthesia did not affect
in-hospital mortality. Although it has been reported
that the time from the fracture to the operation also
affects mortality in hip fractures, there is no generally
accepted opinion. It has been stated that in-hospital
mortality increases in cases where the time from the
fracture to the operation is more than 48 hours (26).
Another study reported that delaying hip fracture
surgery for up to four days did not increase mortality;
however, mortality increased significantly with a delay
of more than four days (27). In the current study, the

time between the onset of hip fractures and the time
until surgery was not evaluated because we did not
have reliable data on this subject.

Malnutrition is common in geriatric patients with hip
fractures. Malnutrition has been reported to increase
comorbidities, increase healthcare costs, and lead to
increased mortality rates (28). Serum albumin levels
are used to determine malnutrition in the geriatric
population. Aloumin, a negative atrial phase protein,
has been reported to help predict mortality in patients
with traumatic brain injury and polytrauma (29). The
prognostic nutritional index (PNI) is a marker derived
from serum albumin levels. It has been reported to
have prognostic value in geriatric hip fracture patients.
Both PNI and CCI have been reported in the literature
to be independent predictors of mortality in geriatric
patients with hip fractures (30). In the current study,
serum albumin levels at the time of SICU admission
were significantly lower in the mortality group.
However, hypoalbuminemia was not found to be an
independent predictor of mortality. Since the aim of
the study was not to determine the prognostic value
of PNI, it was not evaluated.

Study limitations

The study has several limitations. First, it is a
retrospective observational study. Second, it included
patients with critical hip fractures from a single
institution. This may make it difficult to generalize
the results to a larger population. Third, in-hospital
mortality was the primary outcome of the study. Long-
term mortality was not assessed. Furthermore, the
mortality group consisted of a small number of patients
(n=18). The small size of the mortality group may have
affected the validity of the ROC analyses. Fourth, the
time to surgery in patients with hip fractures is crucial
for both morbidity and mortality. We were unable to
assess this timeframe in the current study because
we did not have access to these specific timeframes.
Fifth, complications that occurred during the patients’
SICU follow-up were not evaluated.
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Conclusion

In conclusion, hip fractures resulting from low-energy
trauma in the geriatric population are significant
causes of morbidity and mortality. CCIl, ASA status,
and APACHE-II score were found to be independent
predictors of mortality in critically ill geriatric patients
with frequent comorbidities. The prognostic values
of the scores in in-hospital mortality are listed from
highest to lowest according to APACHE-Il, CCI,
and ASA status. All three scores have acceptable
prognostic value in identifying critically ill patients
within the first month when mortality rates are high in
critical geriatric hip fracture patients.
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