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ABSTRACT
Background

Complicated appendicitis, including perforated and gangrenous forms, is associated with increased morbidity.
This study evaluated the utility of NLR, hyperbilirubinemia, and hyponatremia as readily available preoperative
biomarkers for predicting complicated appendicitis.

Methods

A prospective observational study was conducted between May 26, 2025, and December 25, 2025 among
patients with clinically diagnosed acute appendicitis undergoing appendectomy. Preoperative laboratory
parameters, including complete blood count, serum bilirubin, and serum sodium, were recorded, and NLR was
calculated from absolute neutrophil and lymphocyte counts. Based on intraoperative findings, patients were
classified as having uncomplicated or complicated appendicitis. Laboratory parameters were compared between
groups, and statistical analyses were performed to assess their association with disease severity.

Results

A total of 91 patients were included, of whom 64 (70.3%) underwent appendectomy. The cohort comprised 41
males and 50 females, with a mean age of 30.75 + 17.90 years and a mean BMI of 22.03 + 5.79 kg/m?. Among
operated patients, 42 (65.6%) had non-complicated and 22 (34.4%) had complicated appendicitis. Mean NLR
was higher in complicated cases (14.23 = 17.5 vs. 7.7 + 5.8), although the difference was not significant. Serum
bilirubin was significantly elevated and serum sodium significantly lower in complicated appendicitis. ROC
analysis identified hyponatremia as a strong predictor of complicated appendicitis.

Conclusions

Elevated NLR and serum bilirubin levels and reduced serum sodium levels are significantly associated with
complicated appendicitis. These readily available laboratory markers, when used alongside clinical scoring
systems such as the Alvarado score, can improve preoperative risk stratification and facilitate timely surgical
intervention.
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INTRODUCTION

Acute appendicitis is one of the most common
surgical emergencies, with a morbidity rate of 1.5-
1.9 per 10 million population and a 1.4-fold higher
incidence in men than women.'? Approximately 10%
of individuals in developing countries experience
acute appendicitis during their lifetime. Globally,
appendicitis caused 33,400 deaths in 2019, while in
Nepal it accounted for 220 deaths (0.14% of total
mortality) in 2020. * Elderly patients are particularly
susceptible to complicated appendicitis, with
perforation and morbidity rates reported as high as
70% and 48%, respectively. * Overall, appendiceal
perforation occurs in 17-30% of cases and is
associated with increased morbidity and prolonged
hospitalization. !

Based on pathology, appendicitis is classified as
uncomplicated or complicated. Uncomplicated
appendicitis may be managed -conservatively
with antibiotics, whereas surgery remains the
standard treatment for complicated disease. °
Early identification of complicated appendicitis
is therefore essential to reduce complications and
improve outcomes. Although several diagnostic
tools are available, including laboratory markers,
clinical scoring systems, ultrasonography, and
computed tomography (CT), only about 60% of
patients present with classical symptoms such as
migratory right lower quadrant pain, fever, nausea,
and vomiting. "* ¢ Common inflammatory markers
including C-reactive protein (CRP), white blood
cell (WBC) count, and neutrophil percentage
indicate the presence of infection but have limited
value in predicting disease severity. ® While CT
demonstrates high diagnostic accuracy, its cost and
radiation exposure may restrict routine use.”"!
Recently, attention has focused on inexpensive
and readily available laboratory markers that may
predict complicated appendicitis. The neutrophil-to-
lymphocyte ratio (NLR), derived from differential
WBC counts, reflects systemic inflammatory
response and has shown potential in assessing
disease severity.”? Hyperbilirubinemia may result
from endotoxin-mediated hepatic dysfunction
and septic hemolysis associated with appendiceal
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perforation. ' Similarly, hyponatremia has been
linked to complicated appendicitis, possibly through
inflammatory  cytokine-mediated = vasopressin
release. '* Given the need for simple and accessible
predictors of disease severity, this study aimed
to evaluate the diagnostic value of NLR, serum
bilirubin, and serum sodium levels in patients with

complicated appendicitis.

METHODS

Study Design

A prospective,  single-center
study was conducted to evaluate the diagnostic
value of neutrophil-to-lymphocyte ratio (NLR),
serum bilirubin, and serum sodium in predicting
complicated appendicitis.

Study Area

The study was carried out in the Department of

observational

General Surgery at Bharatpur Hospital, Chitwan,
Nepal, between May 26, 2025, and December 25,
2025.

Study Population

All patients of either gender and any age admitted
with a clinical diagnosis of acute appendicitis during
the study period were eligible for inclusion. Patients
with stump appendicitis and those undergoing
appendectomy as part of another surgical procedure
were excluded.

Sample Size

A total of 91 patients diagnosed with acute
appendicitis were enrolled in the study.

Sampling Technique

Consecutive sampling was employed, whereby all
eligible patients presenting during the study period
were included until the study endpoint was reached.
Data Collection Tools and Technique

Data were collected prospectively using a
structured proforma. Information recorded included
demographic characteristics (age, sex, BMI),
comorbidities, duration of symptoms, laboratory
parameters (total leukocyte count, NLR, serum
sodium, and total bilirubin), Alvarado score,
operative findings, type of surgery, postoperative
complications, and mortality. NLR was calculated
by dividing the absolute neutrophil count by the
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absolute lymphocyte count.
Variables/Measurements

The primary outcome variable was complicated
appendicitis, defined by the intraoperative presence
of perforation, gangrene, or purulent collection.
Cases without these findings were categorized as
non-complicated appendicitis. Hyperbilirubinemia
was defined as a total bilirubin level >1.2 mg/dL,
while hyponatremia was defined as a serum sodium
level <135 mEq/L. Other variables included age,
sex, BMI, total leukocyte count, Alvarado score,
duration of symptoms, postoperative complications,
and mortality.

Data Analysis

Data were analyzed using SPSS version 27.
Continuous variables were expressed as means,
while categorical variables were presented as
frequencies and percentages. Normality testing was
performed before analysis. Normally distributed
continuous variables were compared using the
unpaired t-test, whereas non-normally distributed
variables were analyzed using the Mann—Whitney U
test. Categorical variables were compared using the
chi-square test or Fisher’s exact test as appropriate.
Receiver operating characteristic (ROC) curve
analysis was performed to determine the area
under the curve (AUC), sensitivity, specificity, and
diagnostic accuracy of NLR, serum bilirubin, and
serum sodium. A p-value <0.05 was considered
statistically significant.

Ethical Consideration

Ethical approval was obtained from the Institutional
Review Committee of Bharatpur Hospital (IRC
No./Ref: 081/82-049). The study was conducted
in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all
participants or their guardians before enrolment,
and confidentiality of patient information was
maintained throughout the study.

RESULTS

A total of 91 patients were included in the study
among which 64 (70.3%) underwent appendectomy.
Among the 91 patients there were 41 males (45.1%)
and 50 females (54.9%), with a mean age of 30.75

+ 17.90 years. The mean age of female patients was
31.88 £ 16.27 years, while that of male patients
was 29.37 £ 19.82 years. The maximum age of the
patient was 76 years and the minimum age was 5
years. Mean body mass index (BMI) was 22.03 +
5.79 kg/m?. Among the operated patients, 42 (65.6%)
had non-complicated appendicitis and 22 (34.4%)
had complicated appendicitis. Appendectomy was
performed laparoscopically in 7 patients (10.9%)
whereas 57 patients underwent open appendectomy
(89.1%). Mean TLC was higher in complicated
appendicitis compared to non-complicated cases
(14.24 £ 4.8 vs. 13.2 £ 4.5 x 10° cells/mm?), though
this difference was not statistically significant (p
> (0.05). Mean NLR was elevated in complicated
appendicitis (14.23 + 17.5) compared to non-
complicated appendicitis (7.7 £ 5.8; p > 0.05). Mean
serum bilirubin levels were significantly higher in
complicated appendicitis (1.46 = 0.76 mg/dL) than
in non-complicated cases (1.03 + 0.63 mg/dL; p <
0.05). Mean serum sodium level was significantly
lower in complicated appendicitis (133.89 + 1.60
mmol/L) compared to non-complicated appendicitis
(136.83 £ 2.48 mmol/L; p < 0.05). (Tablel)

Table 1. Demographic and clinical characteristics
of patients

Non Non Complicated
Variable |operated| complicated e
. ... | appendicitis
cases | appendicitis
Cases 27 (29.7)| 42 (46.2) 22 (24.2)
Age 300% | 25,67+ 14.67) 3454+ 19.89
BMI 235 | 220466 | 217450
Alvarado | 575+ | 546,15 | 810+14
score 2.1
9.16+ | 13.2+45x | 1424 +48x
L5S 3.7x 10° 10° 10°
NLR 56+9 7.7+5.8 1423 +17.5
TBIL (mg/| 1.09 +
dL) 0.56 1.02+0.63 | 1.45+0.76

Operated patients had a significantly higher mean
Alvarado score (7.68 + 1.46) than those managed
non-operatively (5.75 + 2.1; p < 0.05). There
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were 2 cases of surgical site infection (3.1%) after
open appendectomy for complicated appendicitis
however there was no mortality. Hyponatremia had
sensitivity of 86.4% and specificity of 75% and PPV
of 63.4%, NPV of 91.7%. Hyperbilirubinemia had
sensitivity of 54.5% and specificity of 81.8%, PPV
of 60% and NPV of 78.3%. Receiver operating
characteristic (ROC) curve analysis demonstrated
that serum sodium had excellent predictive ability
for complicated appendicitis (AUC = 0.873),
outperforming total bilirubin (AUC = 0.681) and
neutrophil-to-lymphocyte ratio (AUC = 0.692).
(Figure 1)
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Figure 1. ROC curve to predict complicated
appendicitis

DISCUSSION

In this study, we evaluated the clinical, laboratory,
and operative characteristics of patients with acute
appendicitis and analysed markers predictive of
complicated appendicitis. A total of 91 patients
were included, with a slight female predominance
(54.9%) and a mean age of 30.75 + 17.90 years. This
is consistent with prior epidemiological studies,
which report appendicitis as a disease of young
adults with a slight male predominance in most
cohorts, though some studies have reported similar
female predominance in certain populations.'> The
age distribution in our study (range 5-76 years)
highlights that acute appendicitis can affect both
pediatric and elderly populations, aligning with
observations from Andersson et al. and other large-
scale appendicitis studies.!®

Amongthe 64 patientswhounderwentappendectomy,
65.6% had non-complicated appendicitis, and 34.4%
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had complicated appendicitis. This proportion of
complicated appendicitis is comparable to other
studies, which have reported rates ranging from
20-40%. Open appendectomy predominated in
our cohort (89.1%), with laparoscopic procedures
accounting for only 10.9%, reflecting limited
laparoscopic availability in our setting; globally,
laparoscopic appendectomy is increasingly common
and has been associated with reduced postoperative
complications and faster recovery.!”

Laboratory parameters were evaluated as potential
predictors of complicated appendicitis. Mean total
leukocyte count (TLC) was higher in complicated
appendicitis (14.24 + 4.8 x 10 cells/mm?®) compared
to non-complicated cases (13.2 + 4.5 x 10° cells/
mm?), although the difference did not reach statistical
significance. This aligns with prior reports indicating
that while leukocytosis is a hallmark of appendicitis,
its predictive value for severity is limited. '
Similarly, mean neutrophil-to-lymphocyte ratio
(NLR) was elevated in complicated appendicitis
(14.23 £ 17.5 vs. 7.7 £ 5.8), consistent with prior
studies suggesting that NLR can reflect the systemic
inflammatory response, but in our cohort, this
difference was not statistically significant, possibly
due to sample size limitations."

Serum bilirubin and sodium levels emerged
as significant discriminators of complicated
appendicitis. Hyperbilirubinemia was observed
in complicated appendicitis (1.46 £+ 0.76 mg/
dL vs. 1.03 £ 0.63 mg/dL, p < 0.05), supporting
evidence that elevated bilirubin reflects bacterial
translocation and hepatic inflammatory response
in severe appendiceal infection.?” Our findings on
hyponatremia are particularly notable: mean serum
sodium was significantly lower in complicated
cases (133.89 = 1.60 mmol/L vs. 136.83 + 2.48
mmol/L, p < 0.05). Hyponatremia demonstrated
high sensitivity (86.4%) and negative predictive
value (91.7%), suggesting it is a reliable early
marker for complicated appendicitis. These results
are in line with emerging literature that highlights
hyponatremiaas an effective predictor of complicated
intra-abdominal infections, likely mediated by
systemic inflammation and antidiuretic hormone
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dysregulation. '* ROC analysis further supported the
discriminative value of serum sodium (AUC 0.873),
whereas NLR and bilirubin showed relatively low
discriminative ability in our cohort in comparison to
sodium level (AUC=0.692 and 0.681, respectively).
Finally, the Alvarado score was significantly higher
in operated patients (7.68 + 1.46) compared to those
managed non-operatively (5.75 £ 2.1, p < 0.05),
reaffirming its utility in guiding surgical decision-
making. Our results are consistent with prior studies
demonstrating that higher Alvarado scores correlate
with increased likelihood of operative intervention
and complicated appendicitis.?!

Limitations

Limitations of our study include the single-center
design and relatively small sample size, which
may limit the generalizability of the findings.
Additionally, the low proportion of laparoscopic
procedures may influence postoperative outcomes.
Future studies with larger multicenter cohorts and
inclusion of additional biomarkers could strengthen
the predictive model for complicated appendicitis.

Conclusions

Our study demonstrates that hyponatremia is
a strong and reliable predictor of complicated
appendicitis, outperforming traditional markers such
as NLR and serum bilirubin in this cohort. Elevated
Alvarado scores and hyperbilirubinemia remain
supportive indicators. Incorporating serum sodium
into routine preoperative evaluation may aid in early
identification and timely surgical intervention for
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