Revista Romdna de Medicina de Laborator Vol. 30, Nr. 1, lanuarie, 2022 63

s SC | en d O Research Article

DOI:10.2478/rrlm-2022-0002

The role of neutrophil-to-lymphocyte ratio as an outcome
predictor factor in acute appendicitis: a single medical
center’s experience

Bianca L. Grigorescu', Bogdan Andrei Suciu?’, Irina Saplacan®, Raluca S.
Fodor®, Septimiu Voidazan®, Florentina C. Scarlat?, Calin Molnar®, Ioana
Halmaciu?

1. Department of Pathophysiology, George Emil Palade University of Medicine, Pharmacy, Science,
and Technology, Romania
2. Department of Anatomy, George Emil Palade University of Medicine, Pharmacy, Science, and
Technology of Tdrgu Mures, Romania
3. Department of Anesthesiology and Intensive Care, Emergency County Hospital, Romania
4. Department of Epidemiology, George Emil Palade University of Medicine, Pharmacy, Science, and
Technology, Romania
5. Department of Surgery, George Emil Palade University of Medicine, Pharmacy, Science, and

Technology, Romania

Abstract

Introduction: Acute abdominal pain persists in defying modern diagnostic procedures. Inflammatory response
variables in urine and blood tests can help rule out other disorders and support a clinical diagnosis of acute ap-
pendicitis (AA), but there is no specific blood test that can diagnose AA. In order to address this, our study sought
to establish the value of (NLR) as a prognostic and severity predictor in patients with AA. Material and method.:
We conducted an observational retrospective study of 356 patients who had undergone surgery for AA, assessing
NLR as an outcome metric. The NLR was estimated using the differential WBC (white blood count) reported on
admission; the data obtained were then recorded in a database and statistically analyzed. Results: The NLR medi-
ans correlated (p<0.001) in uncomplicated AA, AA with localized peritonitis, and AA with generalized peritonitis
(Kruskal-Wallis test). The ROC curve identified 81.4 % sensitivity, 62.5 % specificity, and a 73 % AUC in localized
peritonitis. The NLR value was associated with generalized peritonitis with a sensitivity of 63.7 %, specificity of
64.3 %, and AUC of 68.2%. The NLR-patient death association had 100% sensitivity, 80.3% specificity, and 93.5
AUC.

" Corresponding author: Bogdan Andrei Suciu, Department of Anatomy, George Emil Palade University of Medicine,
Pharmacy, Science, and Technology of Targu Mures, Romania. E-mail: suciubogdanandrei@yahoo.com



64 Revista Romdna de Medicina de Laborator Vol. 30, Nr. 1, lanuarie, 2022

Conclusion: NLR determination in individuals with acute appendicitis may be useful in predicting complications.
NLR values greater than 7.86 are usually related with generalized peritonitis, while values larger than 12.9 may
predict an increased risk of patient death. Calculating NLR from a complete blood count is a straightforward and
cost-effective method of analyzing complicated AA in resource-constrained settings.
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Introduction

The most common cause of abdominal pain that
necessitates surgery is acute appendicitis (AA).
In fact, appendectomy is the most common type
of emergency surgery performed worldwide. AA
affects about 7% of the population at some point
in their lives (1).

Although AA is a reasonably common condi-
tion, it can have an unusual onset and progres-
sion in certain populations, such as the elderly,
children, or pregnant women. Despite multiple
modern diagnostic methods, acute abdominal
pain continues to present a challenge to rapid
and accurate diagnosis, as there are currently no
reliable methods of identifying acute appendici-
tis patients at risk for poor outcomes. The diag-
nosis of AA cannot be made with one specific
test, but judicious use of simple urine and blood
tests with particular attention to inflammatory
response variables can allow for the exclusion
of other illnesses and offer additional evidence
to support a clinical diagnosis of appendicitis (2,
3). Appendicitis is often difficult to diagnose not
only due to the wide range of symptoms it may
induce, but also due to the possibility that the ap-
pendix’s anatomical position is aberrant. Identi-
fying patients at risk of appendicular perforation
as soon as feasible, is critical in clinical practice,
as this condition necessitates urgent treatment in
order to avoid morbidity and death (4). Abdom-
inal sepsis, also known as secondary peritonitis,
is a severe consequence of acute appendicitis
caused by gastrointestinal disruption that may
result in either localized or diffuse inflammation

of the peritoneum and subsequent sepsis (5). A
delay in diagnosis could result in peritonitis and
abdominal sepsis, both of which are potentially
fatal. Thus, diagnosing appendicitis remains dif-
ficult since clinical indications or positive blood
results can be absent in up to 55% of patients.
Symptoms often overlap with other disorders
and the clinical presentation can be atypical,
making diagnosis challenging (6).

In the past, a negative appendectomy was used
to reduce the morbidity and mortality associat-
ed with perforation prior to surgery. As surgery
itself is a cause of morbidity and mortality, how-
ever, this practice has been considered unac-
ceptable in recent years. AA is an inflammatory
pathology whose onset can mimic other diseas-
es with systemic or abdominal localization and
unpredictable evolution (7). This emphasizes the
significance of neutrophil-to-lymphocyte ratio
NLR as a predictive factor. NLR is a helpful tool
that is simple to perform as a first test and can
be determined at the patient’s bedside. The NLR
value correlated with the clinical symptomatolo-
gy can also guide our diagnosis (7, 8).

The aim of the present study was to identify the
importance of NLR as a prognostic indicator in
patients with AA, and as a severity factor in pa-
tients with complicated appendicitis.

Material and method

We conducted a retrospective observational
study of 356 patients who underwent surgery
for acute appendicitis between January 1, 2017,
and May 31, 2021, at the Targu Mures County
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Emergency Clinical Hospital in Romania. The
study was conducted with permission from the
Ethics Commission for Scientific Research (No:
13357/20.05.2021).

For each patient, we gathered demographic infor-
mation, time of surgery, laboratory test results,
and imaging studies. These data were collected
from clinical medical records and from the hos-
pital’s Pathological Anatomy service records.
Exclusion criteria were: patients with appendic-
ular tumors; patients who had been diagnosed
with acute appendicitis during other abdominal
procedures; patients with other inflammatory
diseases that could have influenced the results of
this study.

All patients were diagnosed with acute appendi-
citis based on clinical examination, blood count,
and abdominal ultrasound or abdominal CT. The
hospital protocol recommends that abdominal
ultrasound be performed as a first step in the
imaging diagnosis, and that only patients with
clinical and laboratory signs of acute appendici-
tis but a negative ultrasound examination should
undergo an abdominal CT examination.

All subjects in the study underwent complete
blood tests (blood count, biochemical examina-
tion, and coagulation tests). NLR was considered
as the outcome measure in this study. NLR was
calculated as ratio of neutrophils to lymphocyte
using the differential WBC on admission. The
reference values for neutrophils were 1.4-6.5
*103/uL, and for lymphocytes 1.2-3.4 *103/uL.
The absolute number of neutrophils and lympho-
cytes in peripheral blood are consistent with lab-
oratory reference values and correspond to the
age range of 16-99 years (9).

Statistical analysis

Statistical analysis was performed using SPSS
for Windows version 22.0 (SPSS, Inc., Chi-
cago, IL). The associations of NLR with cate-
gory variables were assessed using Chi-square
tests, while differences in continuous variables

were analyzed using t Student, Mann Whitney
and Kruskal-Wallis tests. We performed ROC
curve analysis using MedCalc 13.0 software and
calculated the standard error and an exact Bi-
nomial Confidence Interval for the Area Under
the Curve (AUC). We also calculated associated
sensitivity and specificity for all possible thresh-
old values of NLR and determined the optimal
criterion values for NLR cut-offs for localized
peritonitis, for AA with generalized peritonitis,
and for deceased patients. A ROC curve analysis
was then used to test the predictive power and
to determine the cut-off values of NLR. All tests
were two-tailed tests.

Results

Of the total of 356 patients included in the study,
we excluded 13 patients based on the criteria
presented above, so our final sample included
the medical records of 343 patients. The patients
included in the study were aged between 18 and
96 years, with an average female age of 43.3
+ 19.4 and an average male age of 42.7 + 16.5
years (Table 1).

The recorded mortality was 4.08% of cases (14
patients).

The distribution of independent values (neu-
trophils, lymphocytes, NLR) depending on the
presence of localized peritonitis, generalized
peritonitis, and depending recorded mortality are
presented in Table 2.

NLR median value was higher in patients with
AA with generalized peritonitis (9.98) than in
patients with AA with localized peritonitis (9.22)
and significantly higher than in patients with un-
complicated AA (6.21).

We compared the NLR medians among uncom-
plicated AA, AA with localized peritonitis, and
AA with generalized peritonitis using the non-
parametric Kruskal-Wallis test and found a sta-
tistically significant relation (p<0.001).

Results of ROC curve analyses for the following
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Table 1. Clinical data of patients included in the study

Parameter Results
Sex of patient Female 155 patients (45.19%)
Male 188 patients (54.81%)
Clinical type of appendicitis, diag- Catarrhal appendicitis 87 patients (24.48%)
nosed on the basis of intraoperative Phlegmonous appendicitis 104 patients (30.32%)
appearance Gangrenous appendicitis 152 patients (44.31%)
Histopathological diagnosis Phlegmonous appendicitis 168 patients (48.97%)
Gangrenous appendicitis 101 patients (29.44%)
Superficial appendicitis 70 patients (20.40%)
Normal histological appendix 4 patients (1.16%)
Abdominal complications of acute ap-  Localized peritonitis 28 patients (8.16%)
pendicitis Generalized peritonitis 68 patients (19.82%)

Table 2. Distribution of independent values of lymphocytes, neutrophils and NLR in association with
localized peritonitis, generalized peritonitis, and recorded mortality

Lymphocytes, mean P Neutrophils, mean + P NLR, median P
+ standard deviation value standard deviation value (min-max) value
Localized Yes 1.62 +0.81 12.17 +£4.23 9.22 (3.29-40.38)
peritonitis No 2.16+0.93 0.003 9.18 £4.49 0.0001 6.76 (0.25-72.18) 0.02
Generalized  Yes 1.51+0.79 12.82 +4.23 9.98 (2.09-72.18)
peritonitis No 1.88 +0.89 0.03 10.7 + 4.47 0.0005 6.43 (0.2-40.38) 0.0001
Yes 1.62 +0.81 12.17 +£4.23 40.38 (12.9-72.18
Deaths No 2162093 %3 9.18 + 4.49 0.01 6.80((0.2—31.5) " 0009
comparisons: 1) NLR value and the presence of NLR
localized peritonitis; 2) NLR value and the pres-
ence of generalized peritonitis 3) NLR value and 1001
patient death. i
In cases of localized peritonitis, we obtained a 80 E Sensitivity: 81.4
cutoff value of 4.29 for NLR and the ROC curve - Specificity: 62.5
. o ) - Criterion : >4.2995
and detected a sensitivity of 81.4%, a specificity S 60 o
of 62.5%. The value of the area under the curve = I
(AUC) was 0.73 with a 95% confidence interval & 40k
(Figure 1). v I
In cases of generalized peritonitis, we had a NLR 20k
cutoff value of 7.86, a sensitivity of 63.7%, and a :
specificity of 64.3%. The AUC was 0.682 with a -
95% confidence interval (Figure 2). 1 = ST IV P S P
When testing the association between NLR and 0 20 40 60 80 100
patient death, we determined a cutoff value of 100-Specificity
NLR of 12.9, with a sensitivity of 100% and a Fig. 1. ROC curve for the association between
specificity of 80.3%. The AUC was 0.935 with a NLR value and the existence of localized

95% confidence interval (Figure 3). peritonitis.
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Fig. 2. ROC curve for the association between
NLR value and the existence of generalized
peritonitis.

Discussion

Despite significant improvements in the diagno-
sis of AA, mainly thanks to imaging techniques,
several diagnostic hazards remain, and they may
lead to a large number of misdiagnoses and/or
needless surgery. Appendicitis is most common
between the ages of 10 and 20, but no age group
is exempt. Most demographic studies show a
slight male predominance, with an overall male:
female ratio of 1.4:1. In the United States, the
overall lifetime risk is 8.6 percent for males and
6.7 percent for females (3). Such male predom-
inance was confirmed also in the present study.
Some authors suggest that neutrophil-to-lym-
phocyte ratio (NLR) is a reliable predictor of
inflammation and is therefore useful in the pre-
operative diagnosis of AA (7), but the results of
our study emphasize the NLR prognostic value
rather than its diagnostic significance.

Out of all cases of acute appendicitis, the evolu-
tion towards perforation varies in the literature
between 16% and 40%, with the incidence of
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Fig. 3. ROC curve for the association between
NLR value and patient death.

appendicular perforation being higher in young
people and the elderly (10). Patients with acute
perforated appendix and extensive peritonitis
have a 5% mortality rate (11). In our study, one
third of patients had a complicated form of ap-
pendicitis, of which 8.16% had localized peri-
tonitis and 19.82% had generalized peritonitis.
Our study recorded a mortality of 4.08%, of
which all deaths were due to septic shock or its
complications.

In recent years, the use of emergency abdominal
CT scans in patients with suspected acute appen-
dicitis has become mandatory. Studies have in-
dicated that this practice has reduced the number
of appendectomy cases performed on patients
with a normal histological appendix, an effect
observed in children and adults alike (12, 13).
Although abdominal CT has revealed greater
specificity and sensitivity than abdominal ultra-
sonography in detecting acute appendicitis (13),
some authors caution against broad use of ab-
dominal CT scans, especially in children, due to
the danger of developing neoplasms from radia-
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tion exposure over the long term (14). Accord-
ingly, our study found that abdominal ultrasound
was performed as a first step in the imaging diag-
nosis, while CT examination was performed as a
last resort, and only in cases of high suspicion of
AA (based on clinical and laboratory findings)
with negative ultrasound. Still, a small percent-
age (1.16%) of patients were determined to have
a normal histological appendix.

Given the risks of negative appendectomy in pa-
tients with clinical suspicion of acute appendici-
tis, and the fact that it is a common condition that
can be treated surgically with low morbidity and
low mortality if performed correctly, any diag-
nostic test that can identify the underlying cause
of appendicitis should be considered a life-sav-
ing tool. In clinical practice, it is common to
encounter suspected cases of acute appendicitis
in which abdominal CT is contraindicated, such
as in the case of pregnant women. The utiliza-
tion of less invasive diagnostic techniques could
therefore be advantageous for patients in certain
circumstances (15).

Although multiple serological diagnostic mark-
ers, such as interleukin 6, interleukin 8, and
C-reactive protein, have been tested in patients
with clinical suspicion of acute appendicitis,
none of these markers have been shown to be
useful, especially in the early stages of acute
appendicitis (16). A major advantage of NLR
determination is that blood tests are routine and
low-cost (17), and inflammatory subclinical
markers such as NLR can be easily calculated
from differential WBC. Furthermore, NLR may
also predict appendicitis severity by providing
information on two different immune and in-
flammatory pathways (7, 15). NLR is regular-
ly used as an indirect measure of systemic in-
flammatory syndrome in many pathologies. The
level of neutrophils in the blood is a reliable
indicator of local inflammation, while the level
of lymphocytes in the blood is a reliable indica-
tor of the inflammatory syndrome’s regulatory

pathways. Because the ratio is also elevated in
other inflammatory diseases, NLR as a diagnos-
tic parameter has little specificity for AA and
may be a source of false-positive error. This led
us to rule out other inflammatory diseases as ex-
clusion factors in our study.

Many studies have been conducted to determine
whether or not NLR plays a clinically significant
role in appendicitis (15, 18). Our study revealed
a significant positive correlation between NLR
in uncomplicated AA and complicated AA (p
<0.001). Given these findings, we can conclude
that NLR is a strong predictor of the occurrence
of critical septic conditions as well as death in
patients with acute appendicitis. These find-
ings are consistent with other studies that have
claimed that the NLR can predict mortality and
antibiotic response in ICU patients with sepsis
and septic shock (19-21).

Delayed diagnosis or misdiagnosis of AA can
increase the risk of perforation and abdominal
sepsis. According to our research, the chance
of developing severe complications, including
generalized peritonitis and death, increases ex-
ponentially as the NLR value increases. NLR
increased exponentially in patients with compli-
cated AA compared to patients with uncompli-
cated AA, and the NLR value in patients with
localized peritonitis was lower than in patients
with generalized peritonitis. In cases of mortali-
ty, the mean value of NLR exceeded that of pa-
tients with generalized peritonitis. These aspects
have been observed previously by researchers
who have noted that NLR has a better sensitivity
and specificity than other serological markers in
predicting the incidence of complications in pa-
tients with acute appendicitis (22-24).

The present study has some limitations. Despite
our large sample size, the total incidence of acute
appendicitis necessitates further study. Addition-
ally, the fact that the study is based on the expe-
rience of a single medical center may skew the
results in unpredictable ways.
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Conclusion

Determination of NLR in patients with acute
appendicitis may be of particular clinical im-
portance, especially in predicting complications.
NLR values above 7.86 are frequently associat-
ed with generalized peritonitis, and NLR values
greater than 12.9 may present an additional risk
for patient death. The calculation of NLR from a
full blood count is a simple, cost-effective, and
readily available metric for assessing complicat-
ed/perforated AA in resource-limited situations.
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