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Background: Surgical site infection (SSI) is one of the most common complications after appendectomy,
which carries high associated morbidity. Therefore, it is essential to determine SSI predictive factors in order
to prevent its occurrence. The aim of this study is to explore the role of neutrophil-to-lymphocyte ratio (NLR)
as a predictor of SSI after appendectomy in children.

Methods: A single-center, retrospective cohort study was performed in children who underwent
appendectomy between 2017-2020. Demographics, time since symptoms onset, laboratory tests at admission,
ultrasound appendiceal diameter, rate of complicated appendicitis, surgical aproach, surgery time and SSI
rate were analyzed. Follow-up was performed during hospitalization and at outpatient clinic at 2 weeks and
30 days postoperatively to assess the surgical wound aspect. Diagnostic cut-off values of these markers for
SSI prediction were based on the significance in the univariate analysis. Variables with a P value <0.05 in the
univariate analysis were then entered into the multivariate analysis.

Results: A total of 1,136 patients (710 males; 426 females) were included. SSI was reported in 53 patients
(4.7%) during the 30-day follow-up after appendectomy (SSI group), with no demographic differences
with the control group. Time since symptoms onset was significantly higher in SSI group (24 vs. 18 hours;
P=0.034), as well as ultrasound appendiceal diameter (10.5 vs. 8.5 mm; P=0.010). Complicated appendicitis
was observed in about 60% of both groups, without differences in surgical approach between them. Surgery
time was statistically higher in the SSI group (62.4 vs. 47.9 min; P<0.001). SSI group presented higher counts
of leukocytes, neutrophils and NLR than control group (P<0.001). NLR was the parameter with the highest
area under the curve (AUC) (AUC =0.808; P<0.001), with a cut-off point of 9.8 with maximum sensitivity
(77.8%) and specificity (72.7%). NLR was an independent predictive factor for SSI in the multivariate
analysis [odds ratio (OR) 1.82 (1.13-2.73); P<0.01].

Conclusions: NLR value at admission was the most promising predictive factor for the development of
SST in children undergoing appendectomy. It is an easy, simple, inexpensive, and rapid method to detect

patients at high risk for SSI. However, further prospective studies are still needed to confirm these results.
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Introduction

Acute appendicitis (AA) is the most frequent surgical
emergency in both adults and children (1), and like
any surgical procedures, it can also be associated with
different postoperative complications, such as surgical
site infections (SSIs), persistent ileus or intraabdominal
abscess (2). SSI is one of the most common complications,
taking place in 2-5% of children who undergo inpatient
surgical procedures (3,4). It has also been associated with
an increased postoperative morbidity, which is a substantial
additional healthcare cost, making this complication a
concern for all surgical teams (5,6). Therefore, it is essential
to determine SSI predictive factors in order to prevent
its occurrence. A positive association has been described
between some factors and the development of SSI, such
as time of symptoms onset (7), ultrasound appendix
diameter (8) or surgery time (9), so that increasing any
of these factors also increases the risk of SSI. However,
these factors all have in common a high inter-individual
variability, as they greatly depend on the subjective
assessment of the patient or the physician (radiologist or
surgeon). In contrast, no objective parameters, such as
inflammatory biomarkers easily detectable in laboratory
tests, have been analysed to date in order to quantify the
risk of developing postoperative SSI.

Highlight box

Key findings

* Neutrophil-to-lymphocyte ratio (NLR) has a stronger capacity
to predict the development of Surgical Site Infections (SSI) than
clinical, ultrasound and surgical data in children with Acute
Appendicitis (AA).

* NLR has higher sensitivity and specificity than other acute-phase
reactants such as leukocytes, neutrophils and CRP.

What is known and what is new?

* NLR has been reported as an inflammatory marker in different
abdominal inflammatory pathologies.

e This study is the first to determine the role of NLR as a predictor
of SST in children with AA.

* NLR value at admission is the most promising predictive factor for
the development of SSI in children undergoing appendectomy.

¢ Itis an easy, simple, inexpensive, and rapid method to detect these
patients.

What is the implication, and what should change now?

* Patents with high preoperative NLR are at high risk of developing
SSIL.

® This may facilitate its early diagnosis and treatment.
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Recently, neutrophil-to-lymphocyte ratio (NLR) has
been reported as an inflammatory marker in different
abdominal inflammatory pathologies such as acute
appendicitis (10,11). In children, NLR has recently
been shown to predict the risk of peritonitis in patients
with AA (12), and it is also useful for predicting the
risk of developing intra-abdominal abscesses after
appendectomy (13), However, the relationship of NLR and
the subsequent development of SSI has not been described
to date. The aim of this study is to evaluate the role of
admission NLR as a predictor of SSI in children who
underwent surgery for acute appendicitis. We present the
following article in accordance with the STROBE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-22-360/rc).

Methods

A single-center, retrospective cohort study was performed
in patients with acute appendicitis, who underwent
surgical treatment in our center between January 2017 and
December 2020. We included all patients between 5 and
16 years with an intraoperative diagnosis of AA, who were
divided into two groups depending on the development of
surgical site infection during the first 30 postoperative days
(SSI group and control group). Patients under 5 years were
excluded due to the important physiological differences in
white blood cell count up to that age (14). Other exclusion
criteria were incomplete laboratory tests at admission,
the absence of histological data of acute appendicitis after
anatomopathological study of the appendix and patients
with postoperative intra-abdominal abscess, in order to
avoid possible biases.

Demographic data (gender and age), time since
symptoms onset, laboratory tests at admission, appendiceal
diameter measured by ultrasound, type of acute appendicitis
(complicated/uncomplicated), type of appendectomy
performed (open/laparoscopic), surgery time and surgical
wound infections in first 30 postoperative days were
analyzed. Laboratory variables were obtained from blood
tests performed in the Emergency Department at the
patient’s admission, which included absolute values of
leukocytes, neutrophils, lymphocytes, platelets, fibrinogen,
and C-reactive protein (CRP). NLR was calculated by
dividing the absolute neutrophil count and the absolute
lymphocyte count. Complicated appendicitis were
considered as those in which perforation or purulent intra-
abdominal fluid was evidenced during surgery. Surgical
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site infection was defined according to the U.S. Centers
for Disease Control and Prevention’s criteria (15). For
this study only SSIs with extra-abdominal location were
considered: superficial (affecting subcutaneous cellular
tissue) or deep (affecting fascia/muscle). Organ space SSIs,
which involve structures deeper than fascia/muscle (intra-
abdominal location) were considered as intra-abdominal
abscess, and were therefore not included in this study.
In our center, we perform surgical treatment of all AA,
with preoperative antibiotic therapy with Amoxicillin-
Clavulanic acid. Post-operative antibiotic is only continued
in gangrenous appendicitis (Amoxicillin-clavulanic acid for
5 days), and in appendicitis with peritonitis (Gentamicin,
Metronidazole and Amoxicillin-Clavulanic acid for 7 days).
Follow-up was performed during hospitalisation in order to
detect surgical site infection in the first postoperative days.
Outpatient clinic follow-up was performed at 2 weeks and
30 days postoperatively to assess the surgical wound aspect.
If no complications were observed, patients were discharged
and follow-up was completed one month after surgery.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by institutional review board of La Paz Children’s
Hospital (No. PI-5053) and individual consent for this
retrospective analysis was waived due to the retrospective
nature of this study, the absence of human or animal
samples and the anonymous collection of analytical data.

Statistical analysis

Data were collected in Microsoft Excel software version
2010 (Redmond, WA, USA), and analyzed with SPSS
Statistic version 22 (Chicago, IL, USA). The Kolmogorov-
Smirnoff and Shapiro-Wilk tests were used to compare
the distributions of numerical variables. For continuous
variables normally distributed, Student #-test of
independent samples was used, and were expressed as mean
and standard deviation (SD). To analyze continuous data
not normally distributed, Mann-Whitney test was used,
and were expressed as median and interquartile range (Q1-
Q3). Discrete variables were expressed as frequency (n) and
percentages (%), and were analyzed by Chi square test, or
Fisher’s test when the first one could not be applied. Odds
ratios (OR) were calculated with 95% confidence intervals.
Sensitivity and specificity analysis of the parameters
evaluated for postoperative complication rate, readmission
rate and prolonged admission rate were determined by the
area under the curve (AUC) represented on the receiver
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operating characteristic (ROC) curves. Optimal cut-
off values were defined as the point at which the value of
“sensitivity + specificity — 1” was maximum using Youden’s
index (16). The AUCs were compared using DeLong’s
method (17). Diagnostic cutoff values of these markers for
the prediction of SSI were based on the significance in the
univariate analysis. Variables with a P value <0.05 in the
univariate analysis were then entered into the multivariate
analysis. All statistical calculations were performed with
two tails and the statistical significance was established with
a value of P<0.05. To calculate the estimated sample size
in our population, with an incidence of approximately 5%
of the observed event (SSI) and with an estimated error of
1%, a sample size of 1,054 individuals is required to detect
significant differences.

Results

A total of 1,136 patients (710 males and 426 females) were
included, with a median age at diagnosis of 10.3 years (8.1-
12.8). Surgical site infection was reported in 53 patients
(4.7%) during the 30-day follow-up after appendectomy
(SSI group), with no demographic differences with the
control group. However, time from symptom onset and
ultrasound appendiceal diameter were both significantly
higher in patients who developed SSI. Complicated
appendicitis was observed in about 60% patients of both
groups, without differences in surgical approach between
them. Surgery time was statistically superior in the SSI
group, with a mean of 15 minutes longer than the control
group (P<0.001). Demographic data, time since symptom
onset, ultrasound diameter and intraoperative findings are
shown in Table 1.

Regarding laboratory test at admission, SSI group
patients presented significantly higher counts of leukocytes,
neutrophils and NLR than control group, with no
differences in platelets and fibrinogen counts. Tuble 2
compares the laboratory values between the two groups.
When performing sensitivity and specificity analysis fo SSI
using the ROC curve (Figure 1), NLR was the parameter
with the highest AUC of those analyzed, this difference
being statistically significant. A NLR cut-off point of 9.8
was calculated for a maximum sensitivity and specificity of
77.8% and 72.7%, respectively. The results of multivariate
analysis suggested that the increased NLR is an independent
predictive indexes for SSI [OR 1.82 (1.13-2.73); P<0.01].
Table 3 shows AUC, cut-off points, sensitivity, specificity
and multivariate analysis of the different parameters
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Table 1 Demographic data, time since symptom onset, ultrasound diameter and intraoperative findings in both groups

SSI group (n=53) Control group (n=1,083) P value

Gender, n (%) 0.971

Male 33 (62.3) 677 (62.5)

Female 20 (37.7) 406 (37.5)
Age (years), average (SD) 10.9 (2.9) 10.3 (3.3) 0.270
Time since symptom onset (hours), median [Q1-Q3] 24 [20-48] 18 [12-36] 0.034
Ultrasound appendiceal diameter (mm), median [Q1-Q3] 10 [9-13.5] 9 [8-11] 0.010
Surgical approach, n (%) 0.631

Open 31 (58.5) 669 (61.7)

Laparoscopic 22 (41.5) 414 (38.3)
Type of acute appendicitis, n (%) 0.711

Complicated 31 (58.5) 661 (61.0)

Uncomplicated 22 (41.5) 422 (39.0)
Surgery time (min); average (SD) 62.4 (27.8) 47.9 (19.9) <0.001
SD, standard deviation; Q1-Q83, interquartile range.
Table 2 Comparison of laboratory values at admission between the two groups

SSI group (n=53)* Control group (n=1,083)" P value

Leukocytes (10%/uL) 17,775 (14,700-19,730) 14,930 (11,600-17,800) 0.002
Neutrophils (10%/uL) 15,304 (12,100-17,380) 11,840 (8,780-14,710) <0.001
Lymphocytes (10°/uL) 7,590 (858-1,650) 1,951 (1,265-2,390) <0.001
NLR 12.8 (9.1-15.6) 7.6 (4.1-10.3) <0.001
CRP (mg/L) 80.6 (9-125) 38.5 (1.8-50.4) 0.011
Platelets (/pL) 289,760 (238,000-340,000) 278,000 (236,000-322,000) 0.582
Fibrinogen (mg/dL) 499 (388-713) 424 (338-516) 0.451

*, Medians and interquartile ranges (Q1-Q83) for each value are presented. NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein.

analyzed for the development of SSI after appendectomy in
children.

Discussion

This is the first study to determine the role of NLR as a
predictor of SSI in children with AA. The results obtained
show that NLR has a stronger capacity to predict the
development of SSI than the quantitative factors studied up
to now (time from symptom onset, ultrasound appendiceal
diameter and surgery time) and presents a higher sensitivity
and specificity than other acute-phase reactants such as
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leukocytes, neutrophils and CRP.

The incidence of SSI in our study was 4.7%, similar
to that described by other authors (18). SSI and control
groups can be considered comparable, since there were
no differences in demographic data or complicated/
uncomplicated appendicitis between them. Open
appendectomy was the most frequent surgical approach in
the two groups, with no differences in the incidence of SSI
between them. These findings are in line with those reported
by Brill ez al., who observed no differences in SWI rate
when comparing open versus laparoscopic approaches (19).
SSI are associated with increased length of hospital stay as
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well as a 2- to 11-fold increase in the risk of mortality (20).
Although most patients recover from an SSI without
long-term adverse sequelae, 77% of mortality in patients
with an SSI can be attributed to the infection itself (21).
In addition, SSI ranks as the most costly of the hospital-
acquired infections, with an annual cost estimated at $3.5
to $10 billion in the US (21). These increased costs are
driven by increased length of stay, Emergency Department

visits, and readmissions (22). Therefore, early detection of
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Figure 1 ROC curve for postoperative development of surgical
site infection (SSI). NLR, neutrophil-to-lymphocyte ratio; CRP,

C-reactive protein; US, ultrasound.

SSI is essential to reduce the negative impact on patients, in
addition to the associated costs (23).

The relevance of this study lies in the fact that it
proposes a simple way of predicting the risk of SSI after
appendectomy in children from the laboratory tests at
admission. NLR presents a high sensitivity and specificity
for predicting the subsequent development of SSI, which
reach their maximum values at the cut-off point of 9.8.
These parameters determine NLR internal validity for
predicting the risk of SSI, and are therefore independent
of prevalence. External validity parameters such as positive
and negative predictive values have not been analyzed in
this study, they are dependent on the prevalence of SSI.

NLR is considered an inflammatory biomarker that has
been used for the diagnosis of acute appendicitis since its
first description more than 20 years ago (24), and some
authors have subsequently proposed using it as a cut-off
point for conservative or surgical treatment (25). In our
institution we have recently analyzed the involvement of
NLR as a prognostic factor in the clinical course of AA in
pediatric patients. It has been reported that values higher
than 8.75 were related to the presence of peritonitis, and
values higher than 10.5 were related to the development of
postoperative intra-abdominal abscess after appendectomy
(12,13). NLR can be understood as a reflection of the
systemic inflammatory activity associated with a particular
local process, as in this case AA. Triggering of local
inflammatory response in cecal appendix causes an increase
in neutrophil proliferation mediated by growth factors on
hematopoietic stem cells, and an increase in lymphocyte
apoptosis mediated by tumor necrosis factor-alpha (TNF-

Table 3 Area under the ROC curve (AUC) for surgical site infection and multvariate analysis

Sensitivity and specificity analysis (ROC curve)

Multivariate analysis

AUC (95% ClI) Cut-off point  Sensitivity (%) Specificity (%) P value OR (95% Cl) P value
NLR 0.808 (0.754-0.862) 9.8 77.8 72.7 <0.001 1.82 (1.13-2.73) <0.001
Neutrophils (10%/uL) 0.711 (0.628-0.793) 12,380 77.8 56.2 <0.001  1.57(0.98-2.68)  0.052
Leukocytes (10%/uL) 0.660 (0.571-0.750) 15,290 75.0 54.2 0.001 1.32(0.84-2.45)  0.067
CRP (mg/L) 0.605 (0.507-0.703) 60.5 38.9 80.3 0.032 1.15(0.65-2.39)  0.074
US diameter (mm) 0.622 (0.521-0.723) 10 63.9 59.0 0.013 1.09 (0.66-3.48)  0.061
Surgery time (minutes) 0.666 (0.576-0.757) 55 55.6 69.2 0.001 1.23(0.74-2.57)  0.082
Time since symptom onset 0.604 (0.523-0.685) 18 83.3 37.2 0.034 1.12(0.78-2.53) 0.121

(hours)

AUC >0.600 and P<0.05 were accepted as significant. Cl, confidence interval; ROC, receiver operating characteristic; AUC, area under
the curve; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; US, ultrasound.
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alpha) (26). This leads to changes in blood cell components,
which are typically determined by an increase in neutrophils
and a decrease in lymphocytes (27). Therefore, NLR higher
values are associated with more intense inflammatory
disorders. In relation to this, the results of our study
establish a cut-off point of 9.8 for the development of SSI,
which is in between the cut-off point for peritonitis (8.75)
and that for intra-abdominal abscess (10.5). Thus, admission
NLR value represents the underlying inflammatory
response of each patient, and allows us to predict the
clinical course after surgery in each case. NLR has recently
been evaluated as a predictor of SSI for other sites, such
as following mesh repair of groin hernia (28), prosthetic
joint infections (29) or infection after spinal decompression
surgery (30). However, all these studies were conducted on
adult patients, with no studies in children to date.

One of the main advantages of NLR over other acute-
phase reactants is its simple determination from blood
count parameters as well as its cost-effectiveness because
it can be measured in almost all laboratories. Predicting
risk of SSI can help pediatricians and pediatric surgeons
to educate, inform, and arrange appropriate infection
monitoring protocol. Identification of patients at high risk
of SSI allows early start of preventive measures according to
WHO Global Guidelines for the prevention of SSI (31,32).
Patients and parents should be instructed and warned of
the signs and symptoms of SSI before discharge, and they
also can be provided with recommendation sheets or self-
assessment questionnaires, which have proven to be helpful
in the early diagnosis of SSI (33).

The limitations of our study mainly result from its
single-center and retrospective design. In addition, these
results cannot be extrapolated to children under 5 years
of age, because of the physiological differences in white
blood cell counts observed in this group of age (14).
The lymphocyte count is low during infancy and
progressively increase to its highest level at 6 months of
age. Subsequently there is a moderate and continuous
decline in the count until approximately 9 years of age.
Neutrophil count pattern changes with age in a opposite
manner to that of lymphocyte count. Besides, there are two
inter-sections of lymphocyte count and neutrophil count
during infancy and at approximately 5 years of age, based
on locally weighted regression analysis (14). For this reason,
patients aged 5 years have been excluded from this study, as
they have different physiological values of neutrophils and
lymphocytes, and therefore cannot be compared with the
values of the rest of the patients, as we would be committing
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a selection bias.

Although the substantial sample size of this study has
allowed the detection of statistically significant differences,
it is difficult to determine the existence of confounding
factors affecting NLR validity. As this is the first study
to analyze the relationship between NLR and SSI, it is
not possible to compare the results obtained, so further
prospective multicenter studies are needed to determine if
standardized cut-off values for NLR can successfully predict
the risk of developing SSI.

Conclusions

NLR value at admission was the most promising predictive
factor for the development of SSI in children undergoing
appendectomy. It is an easy, simple, inexpensive, and rapid
method to detect patients at high risk for SSI and to initiate
preventive measures in these selected cases.
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