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Is there a predictive value of the preoperative neutrophil-
lymphocyte ratio in terms of intensive care need in geriatric
patients who underwent pertrochanteric fracture surgery?

Ahmet Fevzi Kekeg, M.D., © Tahsin Sami Colak, M.D.

Departmant of Orthopedics and Traumatology, Necmettin Erbakan University Meram Faculty of Medicine, Konya- Tiirkiye

ABSTRACT

BACKGROUND: Pertrochanteric fractures are serious health problem with an ever-increasing prevalence in elderly population.
Potential post-operative intensive care need leads to delays in the timing of surgery due to the referral of patients to better equipped
hospitals as well as the inability to arrange a reserved intensive care bed. The purpose of this study is to investigate whether pre-op-
erative neutrophil-lymphocyte ratio (NLR) has predictive value in terms of post-operative intensive care need in geriatric patients who
underwent surgery following pertrochanteric fractures.

METHODS: A total of 535 patients aged 65 years and above with hip fractures who presented to the emergency service between
2017 and 2020 were retrospectively screened. Out of 535 patients, 317 patients who met the inclusion and exclusion criteria were
included in the study. The screened patient population was divided into two groups as those followed in the post-operative intensive
care unit (ICU) and those followed in the orthopedic ward.

RESULTS: There were 190 patients (59.9%) who were followed in the orthopedic ward postoperatively and 127 (40.1%) patients
followed in the ICU postoperatively. While the mean pre-operative NLR value of all patients was 6.57, the mean pre-operative NLR of
the patients who were followed up postoperatively in the orthopedic ward was 5.85, and the mean NLR of those who were followed
up in the ICU was 7.65. It was found that the admission NLR values of the ICU group patients were significantly higher compared to
those of the orthopedic ward group (p<0.001) and also the cutoff value of NLR was calculated as 6.14.

CONCLUSION: We believe that this objective, simple, cost-effective, and rapid marker can be used in combination with other
parameters to predict ICU need to prevent surgical delays due to the lack of a reserved intensive care bed in the ASA 3 geriatric pa-
tient group with pertrochanteric fractures, whose intensive care need cannot be clarified, thereby reducing mortality and morbidity.
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INTRODUCTION

complications.?®! The most important causes of mortality are
myocardial infarction, cardiac failure, pneumonia, and pulmo-

Hip fractures are a serious health problem with an ev-
er-increasing prevalence in the elderly population. Around

110,000 cases are detected annually in the world, and it is es-
timated to increase to 2.6 million cases per year in 2025 and
4.5 million cases per year in 2050." In the literature, |-year
mortality following hip fractures ranges from 8.4% to 36%.
21 With advanced age, physiological changes in organ func-
tions and its associated comorbidities lead to post-operative

nary embolism regardless of the shape of the fracture and
the treatment method." In the literature, laboratory findings
such as high potassium level, low hemoglobin and albumin,
CRP elevation, and neutrophil-lymphocyte ratio (NLR) have
been investigated for their role in predicting mortality, and
significant results have been obtained.>®
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While white blood cell count is considered a well-defined
inflammatory and/or stress indicator, NLR, which is calculat-
ed by dividing the absolute neutrophil count by the absolute
number of lymphocytes, has been proposed as a novel indica-
tor of inflammatory response.’’ A high correlation has been
found between NLR and acute coronary syndrome, non-ST
myocardial infarctions, ischemic and hemorrhagic strokes,
pulmonary embolism, bullous pemphigoid, and various types
of cancer.['*'2

Although there are studies in the literature investigating the
relationship between NLR and mortality following hip frac-
ture surgery,*'3 femoral neck and pertrochanteric fractures
are discussed together under the title of hip fractures in most
of the studies, and different surgical methods are evaluated
together in terms of their mortality and morbidity. In addi-
tion, these studies have generally focused on mortality.l'*'®!
To the best of our knowledge, there is no study focusing
on the need for post-operative intensive care in this patient
group.

Potential post-operative intensive care need leads to delays
in the timing of surgery due to the referral of patients to
better equipped hospitals as well as the inability to arrange
a reserved intensive care bed. In these patients whose surgi-
cal timing is delayed, mortality, decubitus ulcers due to im-
mobilization and the incidence of post-operative pneumonia
increases.!'®! Preoperatively, predicting the need for intensive
care using a simple and valid method may be beneficial in pre-
venting time losses which increase mortality and morbidity.

The purpose of this retrospective study is to investigate
whether preoperative NLR has a predictive value in terms of
post-operative intensive care need in geriatric patients who
underwent proximal femoral nail procedure following per-
trochanteric fractures. No other planned study in a similar
population has been identified in the literature.

MATERIALS AND METHODS

A total of 535 patients aged 65 years and above with hip frac-
tures who presented to the emergency service of Necmettin
Erbakan University Meram Faculty of Medicine between 2017
and 2020 were retrospectively screened. Exclusion criteria
included acute infection, use of immunosuppressants, mul-
titrauma, open fracture, pathological fracture, and previous
surgical history from the same hip, pre-operative hemogram
<10 mg/dL, surgery time >2 h, and open reduction. In addi-
tion, the study included patients over 65 years of age with an
American Society of Anesthesiologists (ASA) score of 3 who
were operated within a period of 48 h and who underwent
proximal femoral nail procedure with closed reduction under
regional anesthesia to create a homogeneous group.

The age, gender, ASA score, and pre-operative NLR values
of the patients were determined retrospectively by review-
ing the hospital records. The same anesthesiology team, who
evaluated the patients in the pre-operative period, decided
the patients’ need for intensive care based on their intraop-
erative hemodynamic parameters. The hemodynamic param-
eters used in the decision-making process were blood oxygen
pressure, oxygen saturation, mean blood pressure, and the
patient’s state of consciousness. The screened patient popu-
lation was divided into two groups as those followed in the
post-operative intensive care unit (ICU) and those followed
in the orthopedic ward. The patients followed in the ortho-
pedic ward were assigned as the control group, and the pa-
tients followed in the ICU were assigned as the study group

(Fig. 1).

All patients with pertrochanteric femur fractures were
treated with proximal femoral nail procedure after closed
reduction in the lateral decubitus position under regional
anesthesia. Surgical infection prophylaxis with | g cefazolin
was administered to all patients | h before the surgery. For
thromboembolism prophylaxis, a single daily dose of enox-

Inclusion Criteria:
Pertrochanteric femur fracture,
closed reduction and
proximal femoral nail,

Age >65, ASA score 3, Operated
within 48 h

Population

Case (n=127)
Patients who need postoperative

intensive care
Mean age = 81.2
Mean NLR = 7.65

Study group

(patients with hip
fracture) (n=535)

Exclusion Criteria:
Acute infection, Multitrauma,
Pathological fracture,

Previous ipsilateral hip surgery,
Immunosuppressant
usage, Preoperatif Hemogram
<10 g/dL, Surgery Time >2 hours

(n=317)

Control (n=190)
Patients who do not need
postoperative intensive care
Mean age = 82.8
Mean NLR = 5.85

Figure 1. Study design.
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aparin sodium 0.4-0.6 ml (based on weight) was adminis-
tered to each patient from the day of admission to the first
post-operative month. In addition, patients were advised to
use antiembolism stockings and mobilized by applying partial
weight from the |** post-operative day.

Routine complete blood count biochemistry, bleeding pan-
el, and viral serological tests were performed using venous
blood samples collected at the time of initial admission. NLR
values were calculated by dividing the neutrophil count in
venous blood collected in the pre-operative period by the
lymphocyte count.

The study protocol was approved by the Necmettin Erbakan
University Maram Faculty of Medicine institutional review
board. A written informed consent was obtained from each
patient before surgery. The study was conducted in accor-
dance with the principles of the Declaration of Helsinki.

The results were analyzed statistically using SPSS 22 (IBM
Corp., Armonk, NY, USA) software. Mean values were ex-
pressed as meanztstandard deviation. The statistical distribu-
tion of the N/L ratio between the groups was determined
using the Mann-Whitney U-test. P<0.05 was considered sta-
tistically significant. The ROC curve was utilized in assessing
whether the NLR could be used as a marker in predicting the
need for ICU care.

RESULTS

Out of 535 patients, 317 patients who met the inclusion and
exclusion criteria were included in the study. Among the 317

patients, 148 were male (46.7%) and 169 (53.3%) were fe-
male. Mean age of the patients was 81.2 years (65—104). There
were 190 patients (59.9%) who were followed in the ortho-
pedic ward postoperatively and 127 (40.1%) patients followed
in the ICU postoperatively. Twenty-five (7.8%) patients died
during the early post-operative period (Table ). While the
mean pre-operative NLR value of all patients was 6.57, the
mean pre-operative NLR of the patients who were followed
up postoperatively in the orthopedic ward was 5.85, and the
mean NLR of those who were followed up in the ICU was
7.65 (Table 2). It was found that the admission NLR values of
the ICU group patients were significantly higher compared to
those of the orthopedic ward group (p<0.001). While no me-
chanical complications were observed in any of the patients in
the post-operative control radiographs of the patients during
their hospitalization, superficial wound infection was observed
in 17 patients and uncomplicated deep vein thrombosis in six
patients. 25 patients died due to serious post-operative com-
plications such as massive pulmonary embolism, myocardial
infarct, and aspiration pneumonia. The NLR of the 25 patients
who died during the early post-operative period was 8.1.
However, mortality rate could not be statistically compared
with NLR as our in-hospital mortality number was very low.
In addition, it was found that NLR showed a statistically signif-
icant positive correlation with age (Fig. 2). In the ROC analysis
performed to investigate whether the NLR could be used as a
predictive marker for need of post-operative ICU admission,
area under the curve was 0.655 (p<0.001; lower bound: 0.593,
upper bound: 0.716), and cutoff value of NLR was calculated
as 6.14. The sensitivity and the specificity of this value for ICU
admission were 62.2% and 62.1%, respectively (Fig. 3).

Table |I. Demographic data of study group
Variables Case (ICU admission) (n=127) Control (Orthopaedic ward) (n=190) p
MeanxSD MeantSD
Age (years) 82.79+7.96 80.05+7.98 0.002
Sex, n (%)
Male 60 (47) 88 (46)
Female 67 (43) 102 (44)
Neutrophil-lymphocyte ratio 7.6549+3.50320 5.8464+3.10122 <0.001

ICU: Intensive care unit.

Table 2. The neutrophil-to-lymphocyte ratio of study group

Group n Median Minimum Maximum Mean Standard deviation
Case (ICU admission) 127 7.4600 1.0400 15.4000 7.6549 3.50320
Control (Orthopaedic ward) 190 5.1300 1.0400 16.2000 5.8464 3.10122

Total 317 5.9800 1.0400 16.2000 6.5709 3.38135

ICU: Intensive care unit.
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Figure 2. Distribution of the patients who need to ICU and those
who did not, according to their age and neutrophil-to-lymphocyte
ratios (NLR).
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Figure 3. ROC analysis of post-operative ICU admission and NLR
(area under the curve: 0.655 (p<0.001; lower bound: 0.593, upper
bound: 0.716), cutoff value of NLR=6.14. (Sensitivity: 62.2%, spec-
ificity 62.1).

DISCUSSION

The most important result of this study is that there is a
statistically significant relationship between the pre-operative
NLR value and post-operative intensive care need. Although
there are many studies in the literature focusing on mortality
in patients with hip fractures, there are no studies on param-
eters that can predict the need of post-operative ICU care
in these patients. Surgeries for patients who are predicted to
require intensive care are sometimes delayed due to the lack
of a reserved intensive care bed; however, they are followed
up in the ward in the post-operative period due to stable
pre-operative hemodynamic parameters. Especially in periods
when the use of intensive care beds is too intense due to pan-
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demics such as the COVID-19, the lack of a reserved inten-
sive care bed in the orthogeriatric patient group often leads
to delays in the surgical timing. In a study by Cha et al.['/l it
was shown that three-quarters of the delays in the timing of
surgery were caused due to factors related to the hospital,
not the patient. This results in increased patient mortality,
various complications, loss of time, inefficient use of hospi-
tal beds, and unnecessary referral of patients to higher-level
hospitals. The significance of our study is that it is the first
study which shows that NLR can be used as a predictor of the
patients who will need intensive care.

ASA scoring is the most valid scoring system proven and ac-
cepted in determining the general health status of patients
who undergo surgical procedures. It has been shown in the
literature that the ASA score has a serious relationship with
mortality following hip fractures.['®l While patients with ASA
score of 4 are more likely to need intensive care, there is
often uncertainty about intensive care need in patients with
ASA score of 3 due to their age. Therefore, only patients
with an ASA score of 3 were included in our study. We think
that the ability of NLR to predict intensive care need in the
patient population in our study can be beneficial both in pre-
venting patients who will have to wait unnecessarily for a re-
served intensive care bed and in determining patients at risk
who will likely need post-operative intensive care support
despite an ASA score of 3, and facilitate in taking additional
precautions accordingly.

As a side result of our study, the positive correlation of NLR
with increasing age has been reported previously by Li et al.l'”!
in healthy population. In fact, Pillay et al.?! suggested that the
frequency of chronic diseases and malignancies that increase
with age may be due to the decrease in cytotoxic T lympho-
cytes fighting tumor cells despite the increased number of
neutrophils, which increase the inflammation level of the body.

Mortality is highest in the first 30 days following hip frac-
ture surgeries. In the literature, early mortality ranges from
3.5% to 13.3%.*"1 In our study, in-hospital early mortality
was 7.8% (25 patients), which was consistent with the lit-
erature. Forget et al.l'l were the first to describe NLR as a
new risk factor for mortality in patients with hip fractures.
However, in their study, it was reported that the NLR value
>5 on the 5th post-operative day was closely associated with
mortality rather than the preoperative NLR value. Fisher et
al."! found that pre-operative NLR values were associated
with post-operative myocardial infarction, high inflammatory
response, and in-hospital mortality in the orthogeriatric pa-
tient group. In our study, mortality rate could not be statisti-
cally compared with NLR as our in-hospital mortality number
was very low. Furthermore, Temiz and Ersézli®?" found that
post-operative NLR value 24.7 increased the risk of |-year
mortality in patients with hip fracture. Ozbek et al.® inves-
tigated NLR and mortality in pertrochanteric orthogeriatric
population and determined that the cutoff value was 5.25 for
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mortality. In their studies, need for intensive care and its du-
ration were also reported; however, there was no statistical
comparison between NLR and intensive care need. Both the
small number of patients and the evaluation of ASA 3 and
ASA 4 patients together prevent such a comparison.

Different results have been achieved in several studies which
examined the relationship between general and regional an-
esthesia and mortality following hip fractures, and there are
international, multicenter, prospective, randomized, and con-
trolled studies (IHOPE, REGAIN) which are still ongoing.?>!
Since most of the patients operated in our study were elder-
ly patients with multiple comorbid diseases and decreased
respiratory capacity, regional anesthesia was used in most
of the cases by the anesthesia department. To create a ho-
mogeneous group in our study, patients who were operated
with only regional anesthesia were included, and those who
received general anesthesia were excluded from the study.

In the literature, although there are conflicting results in
terms of the time of surgery for hip fractures and its relation-
ship with mortality, the meta-analyses of these studies have
definitely shown that mortality rate increases as a result of
various complications in patients waiting for more than 48
h.l'62423] To eliminate this factor, our study excluded patients
who could not be operated in 48 h due to patient and hos-
pital conditions. It is reported that in many countries with
highly developed healthcare systems, elderly patients with
hip fractures are operated at least 24 h after their admission
to the emergency service.?? A study conducted in France in
2010 has demonstrated that 47—-60% of patients are operated
after 48 h, a rate close to that observed in the UK (49%).2"]
The rate of patients who undergo surgery after 48 h exceeds
13%, even in the protocols which accept hip fractures in the
elderly as an indication for emergency surgeries.”® These
delays may be explained by many reasons including pre-op-
erative medical evaluations, optimization of patients’ pre-op-
erative cardiovascular and pulmonary problems, access to the
operating room, and the absence of a reserved intensive care
bed. By predicting the need for intensive care, it may be pos-
sible to decrease morbidity (pressure sores, pulmonary, and
urinary problems caused by immobilization) and mortality as
a result of preventing at least some of the delays.

The first limitation of our study is that it is a single-center and
retrospective study. In addition, although all patients were
operated using the same surgical technique, operations were
performed by different surgeons. Although the two groups
with and without intensive care need were homogenized
in terms of factors such as ASA, age, fracture type, surgical
technique, and the duration of surgery, it cannot be claimed
that all factors likely to affect NLR were excluded from the
study. For example, patients with acute infection were not
included in our study, however, malignancies not diagnosed
yet, the duration and degree of chronic diseases, and the pos-
sible effects of the drugs on the NLR were not investigated.

1168

In addition, only in-hospital early mortality was examined in
our study; however, parameters, such as long-term mortality
and function and quality of life indices, were not evaluated.
Although, it was found that NLR showed a statistically signif-
icant correlation with post-operative intensive care need, the
sensitivity and specificity of the cutoff value obtained were
not very high (cutoff value of NLR: 6.14. Sensitivity: 62.2%,
and specificity: 62.1%). Therefore, we think that this value
can be used in combination with other parameters associated
with intensive care need, although not alone.

Despite all the limitations of our study, it has been demon-
strated that pre-operative NLR is a significant marker that
can predict post-operative ICU need. Using this objective,
simple, cost-efficient, and fast marker, we believe that un-
necessary surgical delays can be reduced due to the lack of
reserved ICU beds for orthogeriatric ASA 3 patients with
pertrochanteric fractures, for whom intensive care need is
unclear, and thus increased mortality and morbidity rates re-
sulting from these delays can be prevented.
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ORIJINAL CALISMA - 0Z

Pertrokanterik femur kirig1 geciren geriatrik hastalarda preoperatif nétrofil-lenfosit
oraninin yogun bakim ihtiyaci acisindan prediktif degeri var m1?
Dr. Ahmet Fevzi Kekeg, Dr. Tahsin Sami Colak

Necmettin Erbakan Universitesi Meram Tip Fakiiltesi, Ortopedi ve Travmatoloji Anabilim Dali, Konya

AMAC: Pertrokanterik femur kiriklari, yash popilasyonda giderek artan prevalansi ile ciddi bir saglik sorunudur. Muhtemel ameliyat sonrasi yogun ba-
kim ihtiyaci, hastalarin daha donanimli hastanelere sevk edilmek zorunda kalmasinin yani sira, rezerve bir yogun bakim yatagi ayarlanamamasi nedeniyle
ameliyat zamanlamasinda gecikmelere yol agmaktadir. Bu ¢alismanin amaci, pertrokanterik femur kingi sonrasi cerrahi uygulanan geriatrik hastalarda
ameliyat oncesi notrofil-lenfosit oraninin (NLO) ameliyat sonrasi yogun bakim ihtiyaci agisindan prediktif degeri olup olmadigini aragtirmaktir.
GEREG VE YONTEM: 2017-2020 yillari arasinda acil servise basvuran 65 yas ve iizeri 535 kalca kirigi tanili hasta retrospektif olarak tarand. Bes yiiz
otuz bes hastadan dahil etme ve dislama kriterlerini karsilayan ASA 3 skorlu 317 hasta galismaya alindi. Taranan hasta popilasyonu ameliyat sonrasi
yogun bakim Unitesinde (YBU) ve ortopedi ve travmatoloji servisinde takip edilenler olarak iki gruba ayrild.

BULGULAR: Ameliyat sonrasi ortopedi ve travmatoloji servisinde takip edilen 190 hasta (%59.9) ve ameliyat sonrasi yogun bakimda takip edilen 127
hasta (%40.1) mevcuttu. Tim hastalarda ortalama ameliyat éncesi NLO 6.57 iken, ameliyat sonrasi ortopedi ve travmatoloji servisinde takip edilen has-
talarin ortalama ameliyat 6ncesi NLO degeri 5.85, YBU'de izlenenlerin ortalama NLO degeri 7.65 olarak bulundu. YBU grubu hastalarinin bagvuru NLO
degerlerinin ortopedi servisi grubuna gére anlamli derecede ytliksek oldugu saptandi (p<0.001). Ayrica NLO igin kestirim degeri 6.14 olarak hesaplandi.
TARTISMA: Yogun bakim ihtiyaci tam olarak belirsiz olan pertrokanterik kirikli ortogeriatrik ASA 3 hastalar i¢in buldugumuz bu objektif, basit, uygun
maliyetli ve hizli belirtecin bagka belirteclerle kombine edilmesinin yogun bakim ihtiyacini &ngérmede yardima olabilecegine ve boylece rezerve YBU
yataginin bulunmamasi nedeniyle olusan cerrahi gecikmelerin 6nlenebilecegine, dolayisiyla bu gecikmelerden kaynaklanan mortalite ve morbiditenin
azaltilabilecegine inaniyoruz.

Anahtar sézclikler: Nétrofil-lenfosit orani; pertrokanterik kirik; yogun bakim.
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