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ABSTRACT
Objectives: Hip Fractures (HF) affect the elderly in particular, and are associated with high mortality rates.
Most geriatric patients are admitted to Intensive Care Unit (ICU) after HF surgery. In this study, the purpose
was to investigate the prognostic value of preoperative NLR (Neutrophil-to-Lymphocyte Ratio) on
postoperative ICU admission and mortality in elderly patients with HF. 
Methods: In the present study, the data of 188 geriatric patients who underwent surgery because of isolated
HF (i.e. femur neck and intertrochanteric fracture) were examined retrospectively. The patients over 65 years
of age, ASA score 3/4, whose preoperative duration was less than 72 hours, and who underwent spinal
anesthesia were included in the study. The patients were divided into two groups as ICU admission (ICU, n =
58), and Non-ICU (Non-ICU, n = 130). The patients were also grouped as Survival (n = 168) and Non-survival
(n = 20) according to postoperative mortality rates. NLR values were statistically compared between the groups. 
Results: The preoperative NLR values of the patients in the ICU Group were significantly higher than those
in the Non-ICU Group (p < 0.001). The cut-off value of NLR for ICU admission was found to be 9.65 with
89% sensitivity and 67% specificity in the ROC analysis. The median NLR value was 6.42 (3.55-9.44) in the
Survivor Group, and 9.5 (7.23-11.02) in the Non-Survivor Groups (p = 0.015). 
Conclusions: It was shown in the study that high NLR values in elderly patients may be a risk factor for ICU
admission, and for postoperative mortality after HF. 
Keywords: Geriatrics; hip fracture; neutrophil-to-lymphocyte ratio; intensive care unit; mortality

The population of the world is aging rapidly, and the
number of Hip Fractures (HF) is increasing at the
same rate. HF is a serious injury affecting the elderly
in particular, and causes high mortality and morbidity.
The mortality rate of patients after HF is approxi-
mately 15-20% [1-3]. 
      Most of deaths following HFs are caused by car-
diovascular events, such as heart failure, myocardial

infarction, pulmonary thromboembolism, and infec-
tious complications [1, 2]. It is seen that these high-
risk patients, who are older and have comorbidities,
are often admitted to ICUs whether in a planned or in
an unexpected way according to their peroperative
clinical status after HF surgery [3]. However, it is also
known that patients who are admitted directly to the
ICU in the postoperative period have better results
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compared to those who are not [4]. For this reason, the
planned admission of patients to ICU help to prevent
negative complications, minimizing the likelihood of
adverse outcomes [4]. No standard protocol was de-
tected in the literature that will guide the decision of
these patients for admission to ICUs. The decision for
admitting a patient to ICU is complex, and it is impor-
tant to identify preoperative predictors that will affect
this decision. 
      Some laboratory findings, such as high urea/crea-
tinine, high glucose, high potassium, low hemoglobin
and low albumin were shown in clinical trials to be as-
sociated with increased mortality and admission to
ICUs in patients with HF [5-7]. It was also reported
that inflammation markers, such as C-Reactive Protein
(CRP) are associated with mortality [8]. Neutrophil-
Lymphocyte Ratio (NLR) is an easily measured, inex-
pensive and widespread hematological parameter,
which can be used as an indicator of systemic inflam-
mation [8-10]. It has been argued in recent years that
NLR can be used as an indicator of postoperative mor-
tality and poor prognosis in oncological and emer-
gency abdominal surgeries [9]. It has also been shown
that preoperative NLR is the predictor of negative out-
comes and mortality following HF surgery in or-
thogeriatric patients [1, 8, 10]. 
      Identifying patients who have the highest risk of
life-threatening complications in the preoperative pe-
riod is important in preventing the onset of postoper-
ative negative outcomes. As a hematological
parameter, the NLR value can help as a guide to the
clinician in the controversial ICU admission decision
after hip surgery. For this reason, in the present study,
the purpose was to investigate the prognostic value of
preoperative NLR on postoperative ICU admission
and mortality rates in elderly patients undergoing hip
fracture surgery with spinal anesthesia.

METHODS

Study Design 
      The present study was conducted by retrospec-
tively examining the files of geriatric patients who un-
derwent surgery because of isolated HF (e.g. femur
neck and intertrochanteric fracture) in the Orthopedic
Clinic of our hospital between January 2017 and May
2019. 

      The inclusion criteria of the study were being over
65 years of age, ASA score 3/4, spinal anesthesia, and
less than 72 hours preoperative duration. Exclusion
criteria of the study were being under 65 years of age,
under general anesthesia, having hematological, infec-
tious and inflammatory disease, history of severe liver
disease and malignancy, intraoperative mortality, re-
vision surgery, multitrauma patients, and incomplete
records. 

The Patients 
      ASA score, intervention time, surgery duration,
and preoperative laboratory parameters (NLR) of the
patients were evaluated. The surgery duration was cal-
culated by adding the anesthesia procedure to the du-
ration of the surgical procedure. The time to operation
was defined as the day from hospitalization to surgical
intervention. 
      The patients who were operated under regional
anesthesia were included in the study. The patients
were divided into two groups as those admitted to ICU
(ICU), and those who were not (Non-ICU). The deci-
sion to admit to ICU was made by the anesthesiologist
according to the peroperative clinical condition of the
patient. Also, the duration of the stay in ICU and post-
operative mortality of the patients were recorded. The
patients were also divided further into two groups as
the Survivor and Non-Survivor Group according to In-
tensive Care Unit mortality. The first admissions of all
the patients who were admitted to ICU were accepted.
All patients were routinely consulted for medical de-
partments (cardiology, respiratory disease or internal
medicine) in the preoperative period. 

Laboratory Measurements 
      Venous blood samples (full blood count (CBC))
that were taken from each patient at the Emergency
Department were examined. All venous blood samples
were processed by the Blood Analyzer (Beckman
Coulter®, LH 780, California, USA). The ratio be-
tween neutrophil and lymphocyte values was calcu-
lated and recorded as NLR. 

Ethical Declaration
      This retrospective study was approved by the
Local Committee for Clinical Research in line with
the Helsinki Declaration (Date: 24.07.2019, No:
2019/141). 
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Statistical Analysis 
Admission and mortality groups of ICU were statisti-
cally compared in terms of preoperative NLR value.
Statistical analysis was performed using SPSS V.21
and MedCalc V.13 package. The significance level
was described as p < 0.05. The descriptive statistics
were given as mean, standard deviation, median, num-
ber and percentage. The Kolmogorov–Smirnov test
was used to assess the normal distribution of the vari-
ables. Non-parametric parameters were analyzed using
the Mann-Whitney U test. To determine the cut-off
values of the NLR between the ICU and Non-ICU
groups, a receiver operating characteristic (ROC)
curve was generated, and the area under curve (AUC)
was calculated.

RESULTS

      Among the 250 patients who were operated with
HF diagnosis during the study period, 188 patients
who met the inclusion criteria were included in the
study for statistical analyses. A total of 111 (59%) of

the patients were female, and the median age (min-
max) of all patients was 78 (65-103) years; and 58 pa-
tients (30.9%) were included in the ICU Group and
130 patients (69.1%) were included in the Non-ICU
Group. The median age of the patients was 79 (65-96)
for the ICU Group, and 78 (66-103) for the Non-ICU
Group (p > 0.05). A total of 168 patients (89.4%) were
included in the Survivor Group and 20 patients
(10.6%) were included in the Non-Survivor Group.
The median age of the patients was 78 (65-94) for the
Survivor Group, and 78 (65-103) for the Non-Survivor
Group (p > 0.05) (Table 1). 
      Homogeneity was found between the groups, the
mean age, gender, ASA score, and time to operation
did not differ at significant levels between the groups
(p > 0.05) (Table 1). 
      The preoperative NLR values of the patients in the
ICU Group were significantly higher compared to
those of the Non-ICU Group (p < 0.001). The median
NLR value was calculated to be 7.59 (4.75-10.43) for
the ICU-Group and 4.45 (2.29-7.86) for the Non-ICU
Group (Table 2). The cut-off NLR was obtained ac-
cording to the differences between the ICU and Non-
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ICU Group by using the ROC Analysis. For ICU ad-
mission NLR, the cut-off point was determined as 9.65
(AUC of 0.67 [95 % CI 0.59-0.76] with 89% sensitiv-
ity and 67% specificity (p < 0.001)) (Fig. 1). 
      When the NLR values of the patients were com-
pared according to intensive care mortality of the pa-
tients, significant differences were detected (p < 0.05).
The Survivor Group had a median NLR value of 6.42
(3.55-9.44), and the Non-Survivor Group had a me-
dian NLR value of 9.5 (7.23-11.02) (p = 0.015) (Table
3).

DISCUSSION

      In the present study, the prognostic value of pre-
operative NLR value on ICU admission and mortality

was examined in geriatric patients who underwent HF
surgery. The results of our study showed that higher
NLR value was associated with ICU admission and
postoperative mortality after HF in elderly patients. 
      In elderly patients, hip fractures are among the
most common traumatic diseases [1-3], which can
cause postoperative ICU requirement, with a high risk
of complications and an incidence of mortality. These
patients are quite susceptible to inflammation, dehy-
dration, malnutrition, cardiovascular and respiratory
problems, which might develop as a result of fractures
as well as surgical stress [2-4, 11]. For these reasons,
it is important to consider that postoperative care treat-
ments of geriatric HF patients are a featured issue.
Also, the planned follow-up of high-risk geriatric
trauma patients in ICU after surgery decreases nega-
tive outcomes [4, 6]. In elderly patients, multidiscipli-
nary evaluation of patients and planning of
postoperative care treatments are mandatory in the
preoperative period to minimize the negative out-
comes of HF [4]. 
      There are no clear and objective criteria regarding
the decision for the admission of geriatric patients with
HF, which is high risk, to ICUs. In addition to many
clinical factors that affect the ICU admission, labora-
tory disorders, such as anemia, hypoalbuminemia, and
high urea/creatinine levels also plays role in this deci-
sion [5, 12]. As a measure of inflammatory response,
elevated CRP and NLR values are also associated with
postoperative poor clinical outcomes [13, 14]. How-
ever, recent studies argue that preoperative high NLR
value can be used as an indicator for high risk of com-
plications and mortality after cardiovascular, oncolog-
ical surgery, and HF surgery [9, 14-16]. For these
reasons, the purpose of the present study was to test
our hypothesis that higher NLR value, which was
found to be associated with negative outcomes after
surgery, may also be associated with admission to
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Fig. 1. Sensitivity and specificity assessment with ROC curve
of the relationship between neutrophil-lymphocyte ratio and
admission of ICU. 
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ICU. As far as we are concerned, the relation of high
NLR with postoperative negative results was studied
by many studies in the literature [13-16], and its con-
tribution to ICU admission was not investigated ade-
quately. 
      Biomarkers, such as neutrophil and lymphocyte
values, WBC count, acute phase reactants, adhesion
molecules, and cytokines are used to determine the in-
flammatory response in the body. The CBC Test,
which is used widely in practice, is very inexpensive
and the result is obtained quickly [10, 17]. NLR value
is a very simple and easy-to-calculate parameter.
Many studies conducted in recent years have shown it
to be a parameter determining the degree of stress and
inflammation [1, 8-10]. 
      Recent studies have been found in the literature
examining the effects of high NLR on postoperative
prognosis in various surgical patients [8-10, 13]. For-
get et al. [8] conducted a study with 82 patients un-
dergoing major abdominal surgery, and found that
higher NLR values were associated with postoperative
acute complications, but were not associated with
CRP, which is an inflammatory parameter. Vaughan-
Shaw et al. [16] conducted a study with elderly pa-
tients who underwent non-traumatic emergency
abdominal surgery, and found that higher NLR was as-
sociated with increased mortality. Dilektasli et al.
[15]reported that high NLR value was associated with
mortality in 1.356 critical trauma patients in surgical
Intensive Care Unit. These studies also show that
higher NLR parameter is determined as a prognostic
factor in many surgical and trauma patients. 
      The clinical characteristics of the patients (i.e. ad-
vanced age, high preoperative ASA score, comorbid
diseases), type and duration of surgery, preoperative
duration, anesthesia method, and factors, such as the
ICU capacity of the hospital, surgeon and anesthesi-
ology preference also play roles in postoperative ICU
and complications [3, 6, 18-21]. Our study was con-
ducted in a restricted geriatric population with ASA
3/4 and with surgical intervention time of < 72 hours,
who underwent spinal anesthesia due to femur neck
and intertrochanteric fracture. As a reflection of the
severity of preoperative comorbidity, the elevated
ASA physical condition is one of the most reliable
prognostic indices for perioperative mortality, and is
also used to predict postoperative complications [3, 6,
18]. In our study; however, no significant differences

were detected in inter-group ASA score comparisons.
Akbas et al. [19] reported that HF patients undergoing
general anesthesia over 80 years of age were admitted
more to ICU, and mortality was higher in these pa-
tients. However, there are also several other studies re-
porting that the anesthesia method has no effects on
admission to the ICU [18, 20]. In our study, homo-
geneity was ensured in the study population by includ-
ing only geriatric patients who were operated under
spinal anesthesia. Although time to operation was re-
ported as an important risk factor in HF patients for
peroperative complications [21], it was found that it
did not differ at significant levels between the groups
in our study. 
      Forget et al. [8] conducted a study with 237 pa-
tients who had HF, and found that the patients had an
NLR cut-off value of 4.9 (sensitivity: 62.9%, speci-
ficity: 57.6%) for 1 year of mortality after the surgery.
Fisher et al. [10] conducted a study with 415 patients
who had HF, and reported that the elevated NLR (≥
5.1) value at the time of admission was an important
risk factor for postoperative myocardial damage, high
inflammatory response/infection, and death in hospi-
tal. Temiz et al. reported that high NLR values after
HA (hemi arthroplasty) were associated with mortal-
ity; and the cut-off value was 4.7 in elderly patients
[1]. In the same study, the authors also reported that
less invasive surgical techniques can be selected ele-
vated NLR values to prevent inflammatory response,
as well as using pharmacological agents, such as
statins and aspirin to reduce systemic inflammation
after surgery [1]. However, these prophylactic treat-
ment recommendations should be examined with ex-
tensive clinical trials. Uzbek et al. [9] conducted
another study with 55 patients who underwent proxi-
mal femoral nail surgery alone, and found that the cut-
off value of preoperative NLR was 5.25 (sensitivity:
84.6%, specificity: 78.6%); and argued that it was pre-
dictive for the risk of postoperative death. In our study,
NLR cut-off value (9.65) that was found for admission
to ICU was higher than the cut-off values of mortality
reported by studies in the literature. However, as far
as we are concerned, no other studies were detected in
the literature, which were planned with a similar pa-
tient population for the admission to ICUs. Similar to
our results, Slate et al. [22] found that NLR 9.2 cut-
off value (HR, 3.60 (1.44-9.18 CI 95%, p = 0.006)
might be a predictor for 30-day short-term mortality
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in acute pulmonary embolism. Similarly, Dilektasli et
al. [15] reported that an NLR greater than 8.19 was in-
dependently associated with in-hospital mortality on
the 2nd day of surgery ICU in trauma patients. 
      When the literature was reviewed, it was found
that there were various mechanisms to explain the ef-
fect of NLR on the prognosis after orthopedic surgery
in the geriatric population [11, 13, 23, 24]. One of
them, aging is associated with a high level of proin-
flammatory cytokines [11]. However, it was also re-
ported that inflammatory markers were independent
predictors of postoperative adverse outcomes in eld-
erly trauma patients with reduced physiological re-
serves [13]. Also, it is considered that the
inflammatory response after surgery probably plays
roles in organ dysfunction in patients [11, 13, 23].
Lymphocytes are the main components of the humoral
and cellular immune system, playing central roles in
immune response. Although lymphopenia reflects the
weakness of cellular immunity after multitraumas,
Neutrophilia can occur due to unbalanced systemic in-
flammatory response [11, 13, 15]. In addition, previ-
ous studies reported that the increase in the neutrophil
count in some diseases (e.g. pulmonary embolism,
coronary artery disease, deep vein thrombosis) is as-
sociated with an increase in thrombus formation [22,
25]. Another mechanism might be the development of
the inflammatory response with hormonal changes
caused by post-traumatic stress (i.e. increases in serum
cortisol levels), which also increases the number of
neutrophils, reducing the number of lymphocytes [8,
11, 13, 24]. For these reasons, the inflammatory re-
sponse that is already increased is expected to increase
more with additional surgical trauma. These mecha-
nisms are important in the intensive care management
of elderly HF patients, and it is important to identify
preventive planning. 

Limitations 
      The study had some limitations. First of all, it was
a retrospective and single-centered study; and there-
fore, we can only rely on the results of the patients in
our center. Secondly, there were many factors that af-
fected patient admission to the Intensive Care Unit.
For this reason, the deduction of the causal relation be-
tween NLR and the results is limited although we kept
the patient population limited. 

CONCLUSION

      Despite the limitations of the study, it was con-
cluded that high admission NLR value may be a risk
factor for postoperative ICU admission and mortality
in elderly patients with hip fractures. NLR can be used
as a prognostic parameter in the perioperative man-
agement of this critically ill patient population. The
repeatability and generalizability of the results must
be investigated with multi-centered further clinical tri-
als.
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