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Purpose: The main purpose of this study is to evaluate prognostic factors that affected the patients early (<30
days) and late (Sx months, one year, and overal) postoperative mortality following hip fracture surgery.
Materials and Methods This retrospective study included 515 patients older than 75 years old with surgicaly
treated osteoporotic hip fracture. The demographic data, American Society of Anesthesiologists (ASA) classifi-
cation, type of anesthesia, duration of hospital stay, and history of intensive care unit (ICU) stay were collected.
An analysis of laboratory values was aso performed to determine their relationship with mortality. The primary
outcome was survival, determined as the time from the surgery to death or the end of the study. The patients
were divided into four groups according to survival time: at the first month, six months, first year, and overall
surviva. An analysis of demographic and laboratory values was performed to determine their vaidity as prog-
nostic factorsfor each group.

Results: Postoperative C-reactive protein (CRP) level showed an independent association with a poor surviva at
the first month. ASA classification, admission to the ICU, and preoperative CRP levels showed an independent
association with a poor surviva for the first six months. Preoperative CRP level showed an independent associa:
tion with a poor surviva for the first year. ASA classfication, admission to the ICU, and the preoperative CRP
levels showed an independent association with apoor overdl surviva.

Conclusion: CRPleve, ahigh ASA classification, and postoperative |CU admission were related to poorer over-
al surviva ratefollowing hip fracture surgery in the elderly.
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INTRODUCTION

Hip fractures, which are one of the most common osteo-
porotic fractures in elderly patients, are an important health
problem in society with the increase in life expectancy
over time-?. Mortality rates reaching up to 36% in the first
year following a hip fracture have been reported®®. In the
treatment of hip fractures the main purpose is to provide
rapid mobilization of patients and prevent possible com-
plications.

Many studies evaluating the prognostic factors affecting
mortality after a hip fracture have reported different results.
Some of these include advanced age, male sex, delayed
surgery, dementia, anemia, malnutrition, type of surgery,
and comorbidities*?. While some of these parameters are
demographic factors, some are values obtained from lab-
oratory tests.

The main purpose of this study is to evaluate prognostic
factors related to mortality after a hip fracture, including
timing of the surgery, sex, preoperative comorbidities,
type of anesthesia used, and type of surgery that affected
the patients’ early (<30 days) and late (six months, one
year, and overall) postoperative mortality.

MATERIALS AND METHODS

This study was approved by the Ingtitutional Review Board
of Haseki Education and Research Hospital (No. 2020-221)
and it was conducted in accordance with the standards of
the Declaration of Helsinki. The written informed consent
was obtained from all patients. A retrospective investiga-
tion of patients with hip fractures, including femoral neck
and intertrochanteric femur fractures, who were admitted
to Haseki Education and Research Hospitd between January
2012 and October 2019 was conducted. Assessment of
patient survivorship was based on the National Population
Registry, which was checked for al patients in October
2020.

Theinclusion criteriawere as follows: patients older than
75 years, low-energy (osteoporotic) hip fractures, acute frac-
tures (within 14 days), complete blood counts-laboratory
values on admission and available demographics and med-
ical records.

Excluson criteriaincluded history of malignancy or patho-
logicd femoral fractures, subtrochanteric fractures, neglect-
ed fractures (more than four weeks), abnormal |aboratory
results (due to infection or malignancy), and incompl ete
information on the registries. An evaluation of patients with
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abnormal laboratory values was performed by internal
medicine and infectious diseases for possible diagnoses
that could affect laboratory results, such as any infection
(pneumonia, urinary tract infection, etc.). Patients with any
additional diagnosisthat could affect |aboratory results were
excluded from the study.

All patients were admitted and treated at a single level
one trauma center. Treatment with an intramedullary nail
or dynamic hip screw was administered according to the
fracture pattern or the surgeon’s preference in patients diag-
nosed with an intertrochanteric fracture, while treatment
with hemiarthroplasty with or without cement was admin-
istered in patients with afemoral neck fracture. Surgery was
performed as soon as possible on dl patients under region-
a or genera anesthesia upon completion of the preopera-
tive preparations.

Information on demographics (age, sex, side of the frac-
ture, and type of fracture), type of implant, operation time,
American Society of Anesthesiologists (ASA) classifica
tion, time of surgery, type of anesthesia, duration of hospi-
tal stay, and history of intensive care unit (ICU) stay was
collected. Preoperative ASA classification was determined
by the anesthesiologists' preoperative evaluation. The
patients were classified as low (ASA 1-2) or high (ASA
3-4). The ASA score and admission to |CU were used as
an indicator of general health status and comorbiditiesin
our study.

Laboratory vaues were aso collected for analysis of their
relationship with mortality. The erythrocyte sedimentation
rate, red cdll distribution width, mean corpuscular volume,
hemoglobin (Hb) levels, abumin levels, white blood cell
count, neutrophil count, lymphocyte count, platelet count,
C-reactive protein (CRP) levels, neutrophil/lymphocyte
ratio (NLR), and platel et/lymphocyte ratio (PLR) were ana-
lyzed as prognostic factors. The NLR was defined as the
absolute neutrophil count divided by the absolute lym-
phocyte count, while the PLR was defined as the absolute
platelet count divided by the absolute lymphocyte count.
Calculation of these values was performed both preoper-
atively and postoperatively. Laboratory valuesfor the first
admission to the hospital were used for preoperative eval-
uation in order to assess the long term health status of the
patients. Postoperative day 2 values were used for postop-
erative evaluation.

The primary outcome was survival, determined as the
time from the surgery to death or the end of the study. The
patients were divided into four groups according to surviva
time: at the first month, six months, first year, and overall
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survival. An analysis of demographic and laboratory val-
ues was performed to determine their validity as prognos-
tic factors for each group.

Statistical analysis was performed using the IBM
SPSS Statistics (ver. 22.0; IBM Co., Armonk, NY, USA).
Descriptive statistical methods (mean, standard deviation,
median, frequency, ratio, minimum, and maximum) were
used for evaluation of the study data. Kaplan—-Meier sur-
vival analysis was used for evaluation of patient surviva
and the log-rank test was used for comparison of the sur-
vival curves. In addition, univariable Cox regression anay-
sis was performed to determine potential prognostic fac-
tors. Elements with P-vaues (two-sided) <0.05 wereinclud-
ed in the multivariable Cox proportional hazard model for
identification of independent variables in a stepwise fash-
ion. Variables with P<0.05 or lessin multivariable analy-
siswere retained asindependent risk factors. A P<0.05 was
accepted as statistically significant. The receiver operating
characterigtic (ROC) curve was used to estimate the cutoff
value of the delay to the day of surgery.

RESULTS

A total of 515 patients with an average age of 84.2+7.0
years (range, 75-103 years) were included. The study

included 342 females (66.4%) and 173 males (33.6%). There
were 318 patients (61.7%) diagnosed with intertrochanteric
femoral fractures and 197 patients (38.3%) with femoral
neck fractures. The right and left femur was involved in
263 patients (51.1%) and 252 patients (48.9%), respective-
ly. Hemiarthroplasty was administered for treatment of all
patients with femoral neck fractures. Of 318 patients with
intertrochanteric femur fractures; hemiarthroplasty was
administered for treatment of 36 patients, intramedullary
nailing was administered for treatment of 195 patients, and
adynamic hip screw was administered for treatment of 87
patients. At the time of this study, 360 patients (69.9%)
had died. Patient mortality rates at the first month, sixth
month, and one year after surgery were 10.5% (n=54),
27.4% (n=141), and 35.7% (n=184) in all patients respec-
tively. The overall survival was 10% according to the
Kaplan-Meier survival analysis (Fig. 1). The mean sur-
vival was 19.5+21.1 months (range, 1 day to 96 months).
Baseline demographic data are shown in Table 1.

1. Prognostic Factor Analyses in Patients at the
First Month

Results of univariable analysis showed an association of
the ASA classification (P=0.025), admission to the ICU
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Fig. 1. Kaplan-Meier curve showing overall survival of the patients.
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Table 1. Demographic Data of the Patients with Hip Fracture Aged More than 75 Years

Variable Value
Age (yr) 84.27.0 (75-103)
Sex, female/male 342/173
Side, right/left 263/252
Fracture type, Int/FN 318/197
Treatment method, IMN/HA/DHS 195/233/87
Mortality
First month 54 (10.5)
Six months 141 (27.4)
First year 184 (35.7)
Overall 360 (69.9)
Survive (mo) 19.5£21.1 (0.1-96)
Preoperative hospital stay (day) 5.8+3.5 (1-20)
Hospital stay (day) 12.3+8.4 (2-108)

Operation time (min)
History of intensive care
Type of anesthesia, G/R
ASA score

1

2
3
4

C-reactive protein (mg/dL)
Erythrocyte sedimentation rate (0-25)
Red cell distribution width
Mean corpuscular volume
Hemoglobin (g/dL)

Albumin (g/dL)

White blood cell count (10%/L)
Neutrophil count (10%/L)
Lymphocyte count (10°/L)
Platelet (10°/L)
Neutrophil/lymphocyte
Platelet/lymphocyte ratio

109.3+40.1 (28-420)
176 (34.2)
78/437

98 (19.0)
191 (37.1)
120 (23.3)
106 (20.6)

Preoperative Postoperative

73.1+53.2 (0-302)
50.6+33.1(0-124)
15.3+4.5 (11-92)
87.1+9.4 (14-124)
10.6%1.9 (6-16)
3.6+1.1(2-6)
10.5+3.6 (3.2-29.8)
7.6%3.4(1-24)
1.8£2.0(0.2-18)
247+104 (52-843)
7.11£6.5(0.1-62)
216+122(0.2-1,500)

132+79 (1-323)
19.3+34.4 (0-93)
15.5+4.6 (9-96)
87.5+7.2 (17-110)
9.6+1.6(6-13)
2.9+0.6 (1.8-4.9)
12.1%4.3 (3.4-34.5)
9.8+4.1(0.6-29)
1.2£1.1(0.1-13)
284+114 (25-752)
10.1+7.7 (0.2-75)
290=+233 (10-3,200)

Values are presented as mean=*standard deviation (range), number only, or number (%).
Int: intertrochanteric fracture, FN: femoral neck, IMN: intramedullary nailing, HA: hemiarthroplasty, DHS: dynamic hip
screw, G: general, R: regional, ASA: American Society of Anesthesiologists.

(P=0.003), postoperative CRP level (P=0.012), and preop-
erative NLR (P=0.007) with aworse survival at the first
month. Results of multivariable analysis showed an indepen-
dent association of the postoperative CRP leved (hazard ratio
[HR], 1.005; 95% confidence interval [CI], 1.001-1.010;
P=0.014) with apoor survival at the first month (Table 2).
Results of ROC analysis showed that the area under the
curve for the modd including the postoperative CRP value
was 0.683 (95% Cl, 586-780), and the sensitivity and speci-
ficity of the age leve for identifying high-risk patients for
mortality were 65.2% and 63.5%, respectively, with an opti-
mum diagnostic cutoff value of 148 mg/dL (Fig. 2).
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2. Prognostic Factor Analyses in Patients at the

First Six Months

Results of univariable analysis showed an association of

the ASA classification (P=0.021), admission to the ICU
(P=0.016), preoperative CRP levels (P<0.001), and preop-
eraive NLR (P=0.017) with aworse survival at the first
six months. Results of multivariable analysis showed an
association of the ASA classification (HR, 1.515; 95%
Cl, 1.011-2.270; P=0.044), admission to the ICU (HR,
1.923; 95% ClI, 1.137-3.252; P=0.015), and preoperative
CRP levels (HR, 1.005; 95% ClI, 1.002-1.007; P=0.001)
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Table 2. Univariable and Multivariable Cox Regression Analysis for Patients Who Died in the First Month after Surgery

Factors HR (95% Cl) P-value
Univariable Cox regression analysis
ASA score 1-2 Reference Reference
3-4 1.859 (1.081-3.230) o 0.025*
Intensive care No Reference . Reference
Yes 3.571(1.528-8.345) | cg— 0.003*
C-reactive protein Preop 0.999 (0.999-1.001) 8 0.121
Postop 1.005 (1.001-1.009) ° 0.012*
Neutrophil/lymphocyte ratio Preop 1.032 (1.009-1.056) S 0.007*
Postop 0.998 (0.962-1.035) $ 0.896
Multivariable Cox regression analysis :
ASA score Low Reference 1 Reference
High 1.035 (0.592-3.099) — 0.472
Intensive care 1.805 (0.411-7.922) B 0.434
C-reactive protein Postop 1.005 (1.001-1.010) $ 0.014!
Neutrophil/lymphocyte ratio Preop 0.950 (0.861-1.048) ® 0.304

0.500 5.500

HR: hazard ratio, Cl: confidence interval, ASA: American Society of Anesthesiologists, Preop: preoperative, Postop: postop-

erative.
* These Pvalues were less than 0.05 (univariable analysis). ' These Pvalues were less than 0.05 (multivariable analysis).
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Fig. 2. The receiver operating characteristic (ROC) curve of C-reactive protein level for mortality for the first month following
hip fracture surgery.

with apoor survival at the first six months (Table 3). ficity of the age level for identifying high-risk patients for
Results of ROC analysis showed that the area under the mortality were 59.8% and 62.6%, respectively, with an opti-

curve for the mode including the preoperative CRP vaue mum diagnostic cutoff value of 75.2 mg/dL (Fig. 3).

was 0.632 (95% Cl, 567-697), and the senditivity and speci-

204 www.hipandpelvis.or.kr



Hip & Pelvis

Mehmet Ekinci et al. Prognostic Factors for Survival in Geriatric Hip Fractures

Table 3. Univariable and Multivariable Cox Regression Analysis for Patients Who Died in the First Six Months after Surgery

Factors HR (95% Cl) P-value
Univariable Cox regression analysis
Sex Female Reference Reference
Male 1.426 (1.018-1.996) e 0.039*
ASA score 1-2 Reference : Reference
3-4 1.468 (1.054-2.045) l—— 0.021*
Intensive care No Reference ) Reference
Yes 1.615(1.093-2.387) e 0.016*
C-reactive protein Preop 1.005 (1.002-1.007) * <0.001*
Postop 1.004 (1.001-1.007) ¢ 0.07
Neutrophil/lymphocyte ratio Preop 1.024 (1.004-1.044) L] 0.017*
Postop 1.010 (0.990-1.030) ¢ 0.330
Multivariable Cox regression analysis 1
ASA score Low Reference . Reference
High 1.515 (1.011-2.270) :—o— 0.044"
Sex Female Reference : Reference
Male 1.016 (0.995-1.037) . 0.161
Intensive care No Reference 1 Reference
Yes 1.923 (1.137-3.252) | ——— 0.015°
C-reactive protein Preop 1.005 (1.002-1.007) ¢ 0.001"*
Neutrophil/lymphocyte ratio Preop 1.016 (0.995-1.037) & 0.147
0.8 2.8

HR: hazard ratio, Cl: confidence interval, ASA: American Society of Anesthesiologists, Preop: preoperative, Postop: postop-

erative.

* These Pvalues were less than 0.05 (univariable analysis). * These Pvalues were less than 0.05 (multivariable analysis).

3. Prognostic Factor Analyses in Patients at the
First Year

Results of univariable analysis and multivariable analy-
sis showed an independent association of the preoperative
CRPleve (HR, 1.004; 95% Cl, 1.002-1.006; P=0.001) with
apoor surviva at thefirst year (Table 4).

Results of ROC analysis showed that the area under the
curve for the model including the preoperative CRP value
was 0.613 (95% Cl, 555-672), and the sensitivity and speci-
ficity of the age level for identifying high-risk patients for
mortality were 55.4% and 63.5%, respectively, with an opti-
mum diagnostic cutoff value of 75.2 mg/dL (Fig. 4).

4. Prognostic Factor Analyses for All Patients

Results of univariable analysis showed an association of
the ASA classification (P=0.002), admission to the ICU
(P=0.002), sex (P=0.005), and preoperative CRP levels
(P<0.001) with aworse overall survival. Results of multi-
variable analysis showed an independent association of
the ASA classification (HR, 1.299; 95% Cl, 1.011-1.668;
P=0.041), admission to the ICU (HR, 1.595; 95% ClI,
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1.202-2.118; P=0.001), and the preoperative CRP levels
(HR, 1.004; 95% ClI, 1.002-1.006; P<0.001) with a poor
overal survival (Table5).

Results of ROC analysis showed that the area under the
curve for the model including the preoperative CRP value
was 0.596 (95% Cl, 535-656), and the sensitivity and speci-
ficity of the age level for identifying high-risk patients for
mortality were 57% and 56.8%, respectively, with an opti-
mum diagnostic cutoff value of 54.75 mg/dL (Fig. 5). The
patients were also classified into two groups according to
the optimum diagnostic cutoff value of CRP aslower than
54.75 mg/dL and higher than 54.75 mg/dL as we found in
the results of ROC analysis. We then compared the overall
survival of these two groups of patients. It was found that
patients with preoperative CRP value above 54.75 mg/dL
had significantly poorer survival than the group with apre-
operative CRP vaue below 54.75 mg/dL (P=0.002) (Fig. 6).

DISCUSSION
Thisstudy reportsthat the CRP level, postoperetive admis-

sonto the ICU, and an ASA classification >3 showed an
association with poor surviva in patients with hip fractures
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Fig. 3. The receiver operating characteristic (ROC) curve of C-reactive protein level for mortality for six months following hip

fracture surgery.

Table 4. Univariable and Multivariable Cox Regression Analysis for Patients Who Died in the First Year after Surgery

Factors HR (95% Cl) P-value
Univariable Cox regression analysis
C-reactive protein Preop 1.004 (1.002-1.006) e 0.001*
Postop 1.003 (1.001-1.006) | —— 0.061
Multivariable Cox regression analysis :
C-reactive protein Preop 1.004 (1.002-1.006) Sl 0.001*

0995 1 1.005 1.01

HR: hazard ratio, Cl: confidence interval, Preop: preoperative, Postop: postoperative.
* These Pvalues were less than 0.05 (univariable analysis). * These Pvalues were less than 0.05 (multivariable analysis)

older than 75 years old.

Most of the previous studies reported an overall one-year
mortality rate between 14% and 37% in elderly patients
with hip fractures*®. The reported mortality rates of elder-
ly patients with hip fractures were 19.5% in the study by
Zaki et d. and 25.0% in the study by Prodovic et d.*. The
mortality rates of the patients in this study at six months
and one year following surgery were 27.4% and 35.7%,
respectively. While the overall sixth month mortality rate
in our study was relatively higher than that reported in the
literature, the one-year mortality rate was similar to that
reported in the literature. The wide distribution of mortal-
ity rates reported in the literature may be related to the het-
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erogeneity of patient populations (age, comorbidities, level
of development of the country) in these studies and the dif-
ferences in postoperative care and follow-up.
Postoperative admission to the ICU is strongly related to
the patients' comorbidities and health status. An increase
in the number of comorbid diseases and an insufficiency in
the physiological compensation mechanisms may increase
the need for postoperative admission to the ICU. Patients
can aso be admitted to the ICU for trestment of serious post-
operative complications or unstable vital signs. Sofu et a.?
and Giummarra et a.* reported a higher mortality rate for
patients admitted to the ICU postoperatively. The results of
the current study showed significantly higher mortality for
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Fig. 4. The receiver operating characteristic (ROC) curve of C-reactive protein level for mortality for the first year following
hip fracture surgery.

Table 5. Univariable and Multivariable Cox Regression Analysis for Overall Mortality

Factors HR (95% Cl) P-value
Univariate Cox regression analysis
Sex Female Reference Reference
Male 1.369 (1.097-1.708) I 0.005*
ASA score 1-2 Reference - Reference
3-4 1.403 (1.136-1.734) | o 0.002*
Intensive care No Reference : Reference
Yes 1.420 (1.132-1.782) | 0.002*
C-reactive protein Preop 1.004 (1.002-1.006) @ <0.001*
Postop 1.002 (1.000-1.004) ] 0.128
Multivariate Cox regression analysis :
ASA score Low Reference : Reference
High 1.299 (1.011-1.668) :'—0— 0.0411
Sex Female Reference 1 Reference
Male 1.261 (0.974-1.631) o 0.078
Intensive care No Reference 1 Reference
Yes 1.595 (1.202-2.118) L e — 0.001*
C-reactive protein Preop 1.004 (1.002-1.006) - <0.001*

0.8 1.8 2.8

HR: hazard ratio, Cl: confidence interval, ASA: American Society of Anesthesiologists, Preop: preoperative, Postop: postop-
erative.
* These Pvalues were less than 0.05 (univariable analysis). * These Pvalues were less than 0.05 (multivariable analysis).

patients who stayed in the ICU postoperatively. Not surpris- poorer general health status and more comorbidities.
ingly, high mortality rates were observed for patients with The ASA score has been confirmed as a total marker of
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Fig. 5. The receiver operating characteristic (ROC) curve of C-reactive protein level for overall mortality following hip frac-
ture surgery.
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Fig. 6. Comparison of two survival curves of the patients following grouping the patients according to the preoperative C-
reactive protein (CRP) cut off levels of 54.75 mg/dL.

comorbidities (medical conditions) and has been reported In their prospective studies Paksma et d.*® and Soderqvist
to show correlation with mortality rates for hip fracture®™. et al.*” reported a statistically increased risk of mortality
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for geriatric patients with an ASA class >3 following a hip
fracture. Similarly, many retrospective studies reported sg-
nificantly higher mortality rates for elderly patients who
were preoperatively classified as either ASA class3 or 4
following a hip fracture®®*, An ASA datus that was either
3 or 4 showed an association with asignificantly higher risk
of mortdity in patients aged >75 years old following a hip
fracture surgery, and this finding was consi stent with those
reported in the literature.

CRP, an acute phase serum biomarker, is elevated in the
inflammatory response such as in infection and traume.
CRPisaso aprognostic factor in older patients for differ-
ent pathologies such as atherosclerosis, vascular diseases,
and cerebral hemorrhage®®. In addition, it is studied both
for changes after hip fracture and as a prognostic factor for
survival following hip fracture surgery. Kim et a.? report-
ed that the preoperative CRP level was a predominant risk
factor for one-year mortality after hip fracture surgery in the
elderly. Their study included a larger number of patients
compared with our study; however, the minimum age for
inclusion in their study was 65 yearswhile it was 75 years
in our study. On the contrary, Beloosesky et a.* reported
no significant relationship between CRP levels and six-
month mortality following hip fracture surgery in elderly
patients. In the current study, we found that preoperative
CRP levels showed an independent association with a poor
surviva at the sixth month and one year following hip frac-
ture surgery. However, the postoperative CRP level was
also found to show an association with a poorer survival
rate at the first month following hip fracture surgery, in
contrast to the preoperative CRP level. CRP leve is devat-
ed with inflammation and can indicate the severity of the
trauma>. As aresult of the current study, the severity of
either the injury preoperatively or the advanced postoper-
ative inflammatory response may be associated with high-
er mortality rate.

Our study has severd limitations. Firdt, thisis aretrospec-
tive study. Multicentric, prospective studiesincluding larg-
er numbers of patients are needed to confirm our results.
Second, the decision for admission to the ICU during the
postoperative period was not a standardized choice.
Multiple variables dictate this decision, including the behav-
ior of the anesthesiologist. Third, the CRP level is normal-
ly elevated in infections and systemic inflammation in
addition to trauma. Although patients with systemic infec-
tions at the time of hospitalization were excluded from the
study, it isnot possible to be certain that every patient in the
study had no infection.
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CONCLUSION

In conclusion, the CRP level showed an association with
an increased first month, sixth month, and one year mortal-
ity after hip fracture surgery in elderly patients. In addition
to the CRP level, ahigh ASA classification and postoper-
ative |CU admission showed an association with a poorer
overall survival rate following hip fracture surgery in the
elderly.
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