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Prognostic nutritional index predicts perioperative adverse events in patients
undergoing hemiarthroplasty after a hip fracture
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Abstract

The relation of the prognostic nutritional index (PNI) with perioperative adverse events (PE) has never been described in hip fracture surgery
patients. Therefore, this study aimed to evaluate the impact of preoperative PNI on the outcome of patients undergoing hemiarthroplasty after a
hip fracture. A total of 154 adult patients aged > 65 years undergoing hemiarthroplasty after a hip fracture were included in this retrospective
study. The outcomes of interest were the length of stay in hospital and PE during hospitalization, defined as death, surgical site infection, major
bleeding, cardiopulmonary complications, acute renal failure, pneumonia, cerebrovascular accidents, and sepsis. PNI was calculated from the
following formula: 10 x serum albumin (g/dL) + 0.005 x total lymphocyte count (per mm3). Patients’ information, including demographic data,
routine preoperative laboratory tests, and PNI, was collected to assess the association between these factors and the PE. Perioperative adverse
events occurred in 21 (13.6%) of the patients. Older patients and those with more comorbid conditions such as heart failure, coronary artery
disease, diabetes mellitus, cerebrovascular diseases, and chronic obstructive pulmonary diseases were tended to have a higher rate of PE.
Patients with PE had lower PNI (45.24+4.2 vs. 51.6+5.4; p < 0.001) on admission. Multivariate analysis showed that age (OR: 2.23, 95% CI
1.15-4.45, p=0.042), presence of diabetes (OR: 2.34; 95% CI: 1.74-6.89; p =0.005) and PNI < 47.2 (OR 2.54, 95% CI 1.32-5.72, p = 0.004)
were significant and independent predictors of PE. This study is the first to demonstrate that the lower preoperative PNI is associated with PE in

patients undergoing hip fracture surgery.
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1. Introduction

Hip fracture surgery is not only associated with a high rate of
perioperative adverse events (PE), morbidity and mortality
but also associated with increased costs (1). The combination
of improvements in surgical techniques, extending surgical
indications and an aging society with increasing medical
comorbidities makes  preoperative risk  assessment
increasingly important to guide patients in the preoperative
decision for hip fracture surgery (2, 3). Previous studies have
reported that prolonged operative time, older age, duration
between injury and surgery, timing of rehabilitation, surgical
technique, and presence of significant comorbidities are
associated with a higher incidence of complications in hip
fracture surgery, such as surgical site infection, delayed
wound healing, and cardiovascular adverse events (4-9).
These studies showed that the preoperative health condition is
an extremely important consideration when deciding whether
it is safe to proceed with hip fracture surgery especially in
elderly patients.

Nutritional status is also an important preoperative risk
factor for PE in patients undergoing surgery for hip fracture
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(10, 11). While several tools for assessing nutritional status
have been evaluated in patients undergoing various surgeries,
most of these are difficult to use in daily clinical practice due
to their complexity (12). In contrast, the prognostic nutritional
index (PNI) can be easily calculated with parameters which
are routinely evaluated in laboratory tests during preoperative
diagnostic workup and are easy to repeat (13). The PNI,
which is based on serum albumin concentration and total
peripheral lymphocyte count, was originally proposed to
assess the perioperative immunological status and surgical
risk in patients undergoing gastrointestinal surgery (14). In
recent years, the PNI has been shown to be a prognostic
marker in patients with various solid tumors (15, 16), in
patients with acute heart failure (17), pulmonary embolism
(18) and in patients undergoing cancer surgery (19).
However, there is only one study in the literature evaluating
the significance of C-reactive protein/PNI ratio for predicting
outcomes in hip fracture surgery which revealed that the PNI
was not an independent prognostic factor for adverse events
in these patients (20). Therefore, the aim of our study was to
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assess the value of preoperative PNI as a predictor of PE in
patients undergoing hip fracture surgery.

2. Materials and Methods

2.1. Study design and selection of patients
This is a retrospective and observational study which was

approved by the regional ethics committee. The medical
records of all patients, aged >65 years undergoing
hemiarthroplasty after a hip fracture from July 2017 to May
2019 in Mugla Sitki Kogman University Hospital were
retrospectively analyzed. Patient demographic characteristics,
comorbid conditions, and medical history were obtained for
all patients from patient medical records. Complete blood
count and routine biochemical analyses were measured at
admission and before the surgery. Exclusion criteria were as
follows: patients with incomplete records, patients with
chronic, or infectious diseases or taking immunosuppressive
drugs which may influence the status of albumin and
lymphocyte counts, patients with high energy trauma, patients
with previous same side hip surgery and patients with
pathological fracture due to malignancy or metabolic disease.

PNI was calculated using the following formula: 10 x
serum albumin value (g/dl) + 0.005 x total lymphocyte count
in the peripheral blood (per mm?).

2.2. Study endpoints
The outcomes of the study were length of stay and PE during

hospitalization, which was included death, deep wound
infection, major  bleeding  requiring  transfusion,
cardiopulmonary complications, thromboembolic events,
pulmonary embolism, acute renal failure, pneumonia,
cerebrovascular accidents, sepsis.

2.3. Statistical analysis
Statistical Package for Social Sciences (SPSS) for Windows-

version 20.0 (SPSS, Chicago, IL, USA) software was used for
statistical analyses. The continuous variables are expressed as
means (minimum-maximum values), and we compared these
variables between patients with and without PE using a 2-
tailed  Student ftest. = Nonparametric  tests (Mann—
Whitney U test) were performed when appropriate. Fisher
exact and y’ tests were used to compare categorical variables.
Multivariate logistic regression analyses were applied to
determine crude and adjusted odds ratios (ORs) and 95%
confidence intervals (ClIs) for the relationship between
preoperative variables including PNI and PE. For all analyses,
P <0.05 was considered statistically significant.

3. Results

A total of 180 patients aged >65 years underwent
hemiarthroplasty in our institution during the study period.
Twelve patients were excluded due to incomplete data, 6
patients were excluded due to have a chronic, or infectious
disease or due to were taking immunosuppressive drugs, 3
patients were excluded due to pathological fracture, and 5
patients were excluded due to high energy trauma
mechanism. After implementation of exclusion criteria, the

25

final study population consisted of 154 patients (mean age
71.2+9.5 years, and 48% male). Hypertension was the most
frequent comorbidity (51.9 %), followed by coronary artery

disease (26 %), and diabetes mellitus (20.8 %). Median
length of stay was 9 days.

3.1. Perioperative adverse events
PE occurred in 21 (13.6%) patients. Comparison of baseline

characteristics, laboratory parameters, length of hospital stay
and PNI in patients with and without PE are shown in Table
1. Patients who had PE were older (76.1 + 7.6 vs 69.5+6.1
years; p< 0.001) and were more likely to have underlying
comorbid diseases such as coronary artery disease (52.4 vs
21.8%; p= 0.003), diabetes mellitus (47.6% vs 16.5%;
p<0.001), heart failure (19% vs 5.3%; p=0.045),
cerebrovascular disease (23.8% vs 8.3%; p=0.046) and
chronic obstructive pulmonary disease (38.1% vs 9.8%;
p<0.001).

Table 1. Baseline characteristics and length of stay of patients with
and without perioperative adverse events undergoing hip fracture

surgery
No Adverse Adverse
(n=133) (n=21)
Male 63 (47.4) 11 (52.4) 0.526
Age (years) 69.6 £6.1 76.1+7.6 <0.001
BRI 12544153 1264+134 0785
pressure (mnmHg)
Diastolic blood
pressure 78.1 £8.8 78.1£8.3 0.423
(mmHg)
Medical History
Atrial fibrillation 6(4.5) 3 (14.3) 0.107
Smoking 31(23.3) 4 (19) 0.785
Diabetes mellitus 22 (16.5) 10 (47.6) <0.001
Hypertension 66 (49.6) 14 (66.7) 0.146
Coioitiity eriiEy 29 (21.8) 11 (52.4) 0.003
disease
Cerebrovascular
disease 11(8.3) 5(23.8) 0.046
Heart failure 7 (5.3) 4 (19.0) 0.045
Chronic
obstructive 13 (9.8) 8 (38.1) <0.001
pulmonary
disease
Laboratory
Results
White blood
count 87+£35 8.40+3.2 0.442
(x103cells/mL)
Hemoglobin
(@/dL) 122+1.9 12.03+1.6 0.228
Albumin (g/dL) 3.91 +0.57 3.52+0.33 0.075
Creatinine 1.0
(mg/dL), median 1.0 (0.7-1) © 9;1 2) 0.324
(IQR) o
Glucose (mg/dL) 106.8£39.5 111.1+473 0.153
Length of stay 15.0
(median, days) SHUEALRAY) (10.0-25.0) <UL
Prognostic 51.645.4 452442  <0.001

nutritional index
Values are given as mean + SD or number (%) unless otherwise indicateed
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Although the  difference did not reach statistical
significance, patients who had PE had lower preoperative
albumin levels compared to patients without PE (3.52 + 0.33
vs 3.91 + 0.57 g/dL respectively; p= 0.075). Patients with PE
had lower preoperative PNI levels than those with
uncomplicated in-hospital course (45.2 (41-49.4) vs 51.6
(46.2-57);  p<0.001).  Patients  with  perioperative
complications had longer length of stay (15 vs 5 days,
median, respectively; p < 0.001) compared with
uncomplicated patients.

3.2. Predictors of perioperative adverse events
Univariate analysis showed that the following variables were

associated with PE: heart failure, coronary artery disease,
diabetes mellitus, cerebrovascular diseases, chronic
obstructive pulmonary diseases, preoperative PNI levels. The
parameters that proved to be significant on the univariate
analysis were subsequently tested with the multivariate model
(Table 2). Multivariate analysis showed that only age (OR:
2.23,95% CI 1.15-4.45, p=0.042), presence of diabetes (OR:
2.34; 95% CI: 1.74-6.89; p =0.005) and PNI <47.2 (OR 2.54,
95% CI 1.32-5.72, p = 0.004) were significant and
independent predictors of PE.

Table 2. Multivariate analysis for the prediction of perioperative

adverse events
TOR | 9s%Cl | P

Age (per 1Y) 2.231 1.152-4.451 0.042
Diabetes mellitus

(presence vs absent)

Coronary artery

2.341 0.865-4.476 0.005

disease (presence vs 0.788 0.410-0.936 0.236
absent)

Prognostic nutritional 5\, 13515721 0.004
index <47.2

COPD (presence vs 1125 09553214  0.065
absent)

4. Discussion

Our study investigated the incidence of PE after hip fracture
surgery and identified risk factors for these complications. In
this single-center, retrospective, and observational study of
154 patients, over the age of 65, the incidence of PE was
13.6%. The results of this study showed that older age,
presence of diabetes and lower preoperative PNI were
independent prognostic factors for PE. To the best of our
knowledge, this is the first study to demonstrate an
association between preoperative PNI and PE in hip fracture
surgery patients.

Although several clinical and laboratory variables have
been established as the predictors of perioperative
complications in patients undergoing hip surgery,
preoperative nutritional status have not been comprehensively
evaluated in these studies (21). Aldebeyan and colleagues
analyzed the data of 10,117 patients with hip fractures and
showed that hypoalbuminaemia was an independent predictor
of postoperative complications and patients with

hypoalbuminaemia had a longer hospital length of stay. In a
recently published retrospective and observational cohort
study, Wilson et al. examined the relationship of nutrition
parameters with the modified frailty index and postoperative
complications in hip fracture patients (22). Of the 377
patients, 2.6% and 17.5% of patients were malnourished as
defined by total lymphocyte count of <1500 cells/ mm® and
albumin of <3.5 g/dL, respectively. The authors showed that
both total lymphocyte count and albumin weakly correlated
with frailty but combining malnutrition and frailty revealed an
increased predictive synergy for postoperative complications
(22).

Malnutrition can be identified using a variety of
anthropomorphic measurements, laboratory values, and
screening tools. Although, malnutrition is most identified
using serum albumin levels, PNI is not only a marker of
nutritional status but also reflective immunologic status. To
date, several studies showed that the prediction of surgical
risk is possible by evaluating preoperative immunonutritional
status with PNI in various types of surgeries such as
gastrointestinal surgery (23), neurosurgery (24) and lung
surgery (25).

However, the prognostic impact of PNI in patients
undergoing hip surgery is remained unexplored. In a recent
study, Ren and colleagues, prospectively evaluated the
significance of C-reactive protein/PNI ratio for predicting the
prognosis in eighty patients undergoing hip fracture surgery
(20). The results of this study showed that PNI was not an
independent prognostic factor but low C-reactive protein /PNI
ratio was significantly associated with low one-year mortality
rate after hip fracture surgery (20). Nevertheless, our findings
showed that preoperative PNI may predict perioperative
adverse events in patients undergoing surgery for hip fracture.

This study has several limitations. First, this study
included only patients aged >65 years undergoing
hemiarthroplasty after a hip fracture. Our hospital is a referral
hospital, to which patients are referred from peripheral
hospitals, which may affect our results. Therefore, caution
should be taken in extrapolating these results to other surgical
populations. Another important limitation of the current study
is the fact that it was a retrospective analysis. Due to its
retrospective nature, the study is prone to various forms of
bias, such as selection bias and recall bias.

Preoperative PNI measurement can help identify patients
at high risk for of PE after hip fracture surgery. The
estimation of the PNI is inexpensive and easily available from
laboratory data in daily clinical practice. Therefore, we
suggest that the PNI should be calculated routinely before
surgery, and it could be a useful indicator for pretreatment
nutritional management in adult patients undergoing hip
fracture surgery.
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