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conservative approaches in uncomplicated disease.

uncomplicated AA.

« Finding reliable preoperative predictors of complicated acute appendicitis (AA) has been a
challenging diagnostic problem in emergency departments worldwide.

o We identified mild hyponatremia and elevated levels of C-reactive protein and white blood cells
as potential markers for distinguishing between complicated and uncomplicated pediatric AA.

o Our study may have implications for surgical approaches in complicated disease and

o Routine blood tests can help emergency physicians discriminate between complicated and
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Abstract

Objective: Finding a reliable preoperative predictor of
complicated acute appendicitis (AA) has been a challenging
diagnostic problem. The present study aimed to identify
potential factors that may predict complicated AA in the
pediatric emergency department (ED) based on routine,
widely available laboratory tests on admission to the ED,
including plasma sodium concentration. Methods: We ret-
rospectively reviewed clinical and laboratory data of pedi-
atric patients with AA who underwent emergency surgery at

our department between January 2020 and December 2022.
The patients were divided into two groups: histopatho-
logically proven complicated AA (n = 80) and noncompli-
cated AA (n = 155). Results: Complicated AA was associated
with reduced plasma sodium and chloride concentrations
(p < 0.001, both), decreased values of lymphocytes (p =
0.002), elevated C-reactive protein (CRP) (p < 0.001), and
elevated values of white blood cells (WBC) and neutrophils
(p = 0.012 and 0.001, respectively). In binomial logistic re-
gression, increased levels of CRP and WBC and decreased
levels of sodium were predictors of complicated AA. The
area under the receiver operating characteristic curve was
0.825 (95% confidence interval: 0.764, 0.886). Conclusion:
We identified mild hyponatremia and elevated CRP and WBC
values as potential markers for distinguishing complicated
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from uncomplicated pediatric AA with implications for
surgical approaches for treating complicated AA and con-
servative approaches for treating uncomplicated AA.

© 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Although acute appendicitis (AA) can develop at any
age, it most commonly occurs in the second decade of life,
with an annual rate of 23.3 cases per 10,000 [1]. However,
the diagnosis of AA remains challenging, and some
controversies regarding its management are still present
in different settings and practices worldwide, especially
for the pediatric population. Consequently, the rate of
appendiceal perforation is still high in children aged
under <5 years and varies from 47 to 100%, depending on
age with significantly higher perforation rates in younger
age-groups (100%, <1 year; 100%, 1-2 y; 83.3%, 2-3 y;
71.4%, 3-4 y; 78.6%, 4-5 y, and 47.3%, 5 y) [2]. As
managing complicated AA requires urgent intervention
and intravenous broad-spectrum antibiotics, it is crucial
to establish its timely diagnosis through clinical exami-
nation, different clinical and imaging scoring systems,
and laboratory biomarkers [2-7]. Otherwise, a delay in
diagnosis can cause perforation, peritonitis, sepsis, and
extended hospital stays.

In recent years, finding a reliable preoperative predictor
of complicated AA has emerged as a prominent topic in
clinical research, potentially improving diagnostic accu-
racy without invasive surgery or ionizing radiation.
Among several laboratory parameters evaluated, mea-
surement of serum sodium has been proposed as a valuable
indicator to help delineate uncomplicated AA from
complicated AA. Recent studies have investigated the
possible association between preoperative hyponatremia
(serum sodium level <135 mEq/L) and complicated AA in
both pediatric and adult populations [8-12]. However, the
results are contradictory as several authors have found a
positive association between preoperative hyponatremia
and complicated appendicitis [8-13], while others have
reported an insignificant association [14-16].

The primary aim of the present study was to identify
reliable predictors of complicated AA in the pediatric
emergency department (ED) based on routine, widely
available laboratory tests. Our secondary aim included
the potential association between pre-appendectomy
hyponatremia with higher detection rates of compli-
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cated AA in the pediatric population of different ages. We
hypothesized that preoperative values of serum sodium in
children with suspected AA would be helpful in the early
differentiation between complicated AA and uncompli-
cated appendicitis and more prompt treatment.

Materials and Methods

Study Design and Period

We conducted a retrospective chart review of 264 consecutive
pediatric patients (<18 years old) who had undergone appen-
dectomy (open or laparoscopic) due to AA (International Clas-
sification of Diseases Tenth Revision, code K35). The study was
performed at the Clinical Center University of Sarajevo in
Sarajevo, Bosnia and Herzegovina, between January 2020 and
December 2022. All surgeries were performed as emergency
procedures. Open appendectomies were performed through a
muscle-splitting incision in the right lower quadrant of the ab-
domen, while laparoscopic appendectomies were performed using
the three-port technique.

Population

Patients were included if they had received a histopathologic
diagnosis of AA. All patients with negative (23/264, 8.7%) or
interval appendectomies (1/264, 0.4%) were excluded from the
study. Patients with missing or incomplete medical records were
also excluded (5/264, 1.9%). Finally, 235 patients were selected for
analysis.

Diagnostic Approach and Interventions

Based on intraoperative macroscopic appearance and post-
operative histopathology, patients were divided into two groups:
those with simple AA (uncomplicated appendicitis group) and
those with complicated AA (complicated appendicitis group).
Uncomplicated AA was defined as simple (catarrhal and
phlegmonous) or gangrenous without perforation, similar to
American Association for the Surgery of Trauma (AAST) grades I
and II [17]. AA with perforation or abscess formation was defined
as complicated AA (AAST grades III- V) [17]. Histopathologi-
cally, catarrhal AA was defined as the enlargement of lymphoid
follicles in the appendiceal mucosa, and phlegmonous AA was
defined as the presence of neutrophils in all appendiceal layers
[18]. Gangrenous AA was defined as neutrophil infiltration with
smooth muscle layer necrosis, and perforated AA was defined as
necrosis and perforation in all layers [18]. From a surgeon’s
perspective, perforated AA was defined as a visual hole in the
appendix, gross contamination in the abdomen during appen-
dectomy, or the presence of an extraluminal appendicolith in the
abdominal cavity.

The patients were categorized into five groups according to age:
infancy (>28 days-<1 year), toddlerhood (1-2 vyears), early
childhood (3-5 years), middle childhood (6-11 years), and early
adolescence (12-18 years) as per the Eunice Kennedy Shriver
National Institute of Child Health and Human Development in the
USA [19]. These subgroups were further subdivided into those
with hyponatremia and eunatremia in the immediate preoperative
setting. Hyponatremia was defined as a sodium level <135 mmol/L
and further classified into three categories by its severity: mild
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hyponatremia (130-134 mmol/L), moderate hyponatremia
(125-129 mmol/L), and severe hyponatremia (<125 mmol/L) [20].
Eunatremia was defined as a sodium level between 135 and
145 mmol/L [20].

A C-reactive protein (CRP) level >10 mg/dL was considered
high [21]. Hyperbilirubinemia was defined as a TBIL level
of >20 pumol/L. A total white blood cell (WBC) count was con-
sidered elevated according to the age-groups and cutoff values
defined by the pediatric complete blood count (CBC) reference
values (LTR10211) [22]. Neutrophilia was defined as a percentage
of neutrophils >70% [10]. Reference values for erythrocyte count,
hemoglobin quantity, hematocrit, and other erythrocyte param-
eters including mean corpuscular volume, mean corpuscular he-
moglobin, mean corpuscular hemoglobin concentration, and red
blood cell distribution width were determined based on the pe-
diatric CBC reference values (LTR10211) [22].

The length of postoperative hospital stay was counted as days
from surgery until discharge. All medical records were de-identified
and anonymized for the current study. All modifications and an-
alyses were performed via programming, a new database was
created, and no changes were made to the original database.

Statistical Analysis

The normality of data distribution and the presence of outliers
were evaluated visually by analyzing histograms, Q-Q, and box-
plot graphs and numerically by calculating z-values for skewness
and kurtosis and application of the Kolmogorov-Smirnov test. For
comparison of parameters between uncomplicated and compli-
cated AA groups, an independent samples Student’s £ test was used
for the analysis of variables that had a normal distribution with no
outliers, while Mann-Whitney U test was used for other numeric
variables. The )2 test for homogeneity was used to analyze dif-
ferences in proportions of categorical variables. Binomial logistic
regression was used to create a model for predicting patients’
classification into complicated or uncomplicated AA. Neutrophils,
lymphocyte levels, and concentrations of calcium, chloride, and
total bilirubin were not included in the model due to the large
proportion of missing data for those variables. Age, sex, CRP,
WBC, and sodium levels were included in the model. The linearity
of continuous variables concerning dependent variable logit
transformation was evaluated by the Box-Tidwell procedure.
Multicollinearity was tested by linear regression. The odds ratio
and 95% confidence interval (CI) were used for the presentation of
outcome predictors. The receiver operating characteristic curve
was prepared and analyzed. All tests were two-tailed, with a p
value <0.05 considered statistically significant. Statistical Package
for Social Sciences (SPSS) program version 23.0 and R Statistical
Software (Foundation for Statistical Computing, Vienna, Austria)
version 4.3.2 were used for the analysis.

Results

The demographic and laboratory findings of the entire
cohort are shown in Table 1. Of the 235 pediatric patients
with confirmed AA, 155/235 (66%) had uncomplicated
AA and 80/235 (34%) patients presented with compli-
cated AA (Fig. 1).

Preoperative Hyponatremia and
Complicated Appendicitis

Sodium and chloride levels were significantly lower in
complicated than in uncomplicated AA (p < 0.001; 95%
CI, 0.968, 3.005). A significantly higher proportion of
patients with mild hyponatremia was found in compli-
cated compared with uncomplicated AA (p < 0.001). The
significance was evident in all three major age-groups
(Table 1; Fig. 2). There were no patients with moderate or
severe hyponatremia.

Total bilirubin median concentration was 13.1 pmol/
L (interquartile range [IQR] 8.8-17.5) in uncompli-
cated and 16.2 umol/L (IQR 14.2-34.8) in complicated
AA (p = 0.055). CRP concentration was higher in
complicated than in uncomplicated AA (p < 0.001)
(Table 1). Also, the higher WBC level was found in the
complicated (mean: 16.5 + SD 5.6 x 10°/L) than in
uncomplicated AA (mean: 14.6 + SD 5.0 x 10°/L) (p =
0.012, 95% CI, -3.4, —0.4) (Table 1). Neutrophils were
significantly higher in the complicated AA (mean
83% £ SD 8%) than in uncomplicated AA (mean 76% +
SD 15%) (p = 0.001). Significantly lower lymphocyte
values were found in the complicated AA compared
with the uncomplicated AA (median 8% vs. 11%, IQR
5-12%, and 7-18%, respectively) (p = 0.002). However,
no significant difference was observed in NLR between
the groups (Table 1).

We performed binomial logistic regression to ex-
plore predictors of the classification of patients into
complicated or uncomplicated AA. The model included
age, sex, CRP, WBC, and sodium. All continuous
variables had a linear relation to the dependent variable
logit. Eight standardized residuals with a value greater
than 2.5 SD were included in the analysis. The model
was statistically significant (x*(4) = 78.29, p < 0.001).
The model explained 40.3% (Nagelkerke R?) of the
variance in classification into complicated or uncom-
plicated AA and correctly classified 80.3% of cases. Of
the five predictors, CRP, WBC, and sodium were sta-
tistically significant (Table 2). The area under the re-
ceiver operating characteristic curve was 0.825 (95% ClI,
0.764, 0.886), corresponding to excellent discrimina-
tion (Fig. 3). Increased levels of CRP and WBC and
decreased levels of sodium were predictors of com-
plicated AA in our study.

Discussion

In the current study, we explored the predictive
utility of routine laboratory tests to discriminate be-
tween complicated and noncomplicated AA in pedi-
atric emergency settings. We found an association
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Table 1. The demographic and laboratory data of patients included in the study

Parameter All patients Uncomplicated Complicated p values
(n = 235) AA (n = 155) AA (n = 80)

Age, mean+SD, years 1114 1244 1114 0.135
Age categories, n (%) 0.013

Infancy (>28 days-<1 year) 0 (0) 0 (0) 0 (0)

Toddlerhood (1-2 years) 1 (0.5) 1 (0.6) 0 (0)

Early childhood (3-5 years) 20 (8.5) 7 (4.5) 13 (16.3)

Middle childhood (6-11 years) 111 (47.2) 77 (49.7) 34 (42.5)

Early adolescence (12-18 years) 103 (43.8) 70 (45.2) 33 (41.3)
Sex, male, n (%) 157 (67) 106 (68) 51 (64) 0474
Weight, mean£SD, kg 46+19 46+18 45+21 0.321
Height, mean£SD, cm 154+21 155+21 152+22 0.189
CRP, median (IQR), mg/L 39 (16-66) 31 (12-51) 63 (38-137) <0.001
Erythrocytes, median (IQR), x10°/L 4.8 (4.6-5.1) 4.8 (4.6-5.1) 4.8 (4.6-5.1) 0372
Hemoglobin, mean+SD, g/L 136+13 136+13 136+14 0.596
Hematocrit, meanzSD, % 0.39+0.04 0.39+0.04 0.39+0.04 0.610
MCV, mean+SD, fL 80+7 8145 7919 0.074
MCH, meanzSD, pg 28+2 28+2 28+2 0.613
MCHC, median (IQR), g/L 346 (332-361) 346 (331-361) 346 (332-363) 0.510
RDW, mean+SD, % 13+1 13+1 1342 0.582
WBC, mean+SD, x10°/L 15253 14.6%5.0 16.5+5.6 0.012
Neutrophils, mean+SD, % 79+13 76x15 8348 0.001
Lymphocytes, median (IQR), % 10 (6-16) 11 (7-18) 8 (5-12) 0.002
NLR, median (IQR) 8 (4-13) 6 (4-11) 10 (6-14) 0.178
Thrombocytes, mean£SD, x10%/L 284+78 279+65 295+97 0.488
MPV, mean=SD, fL 7.2+1.1 7.2+0.9 73+1.5 0.964
Potassium, mean+SD, mmol/L 4.2+0.3 42403 4.2+04 0.656
Sodium, median (IQR), mmol/L 137 (135-139) 138 (136-139) 135 (134-138) <0.001
Mild hyponatremia, n (%) 46 (20) 11 (7) 35 (44) <0.001
Calcium, mean+SD, mmol/L 2.5+0.1 2.5+0.1 2.4+0.1 0.241
Chloride, mean+SD, mmol/L 101+3 101+3 100+3 <0.001
Bilirubin total, median (IQR), umol/L 14.3 (10.5-19.0) 13.1 (8.8-17.5) 16.2 (14.2-34.8) 0.055

Only significant p values are bolded. IQR, interquartile range; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
hemoglobin concentration; MCV, mean corpuscular volume; MPV, mean platelet volume; NLR, neutrophils-lymphocytes ratio; RDW,
red blood cell distribution width; SD, standard deviation; WBC, white blood cells.

Hyponatremia
11 (7%)

235 patients with acute

appendicitis

Uncomplicated Complicated
155 (66%) 80 (34%)
i
High WBC High CRP Hyponatremia High WBC High CRP
86 (55%) 118 (74%) 35 (44%) 52 (65%) 74 (93%)

Fig. 1. A flow diagram of the study.
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Fig. 2. Percentage and number of patients with uncomplicated and complicated AA having eunatremia or mild hyponatremia.

Table 2. Logistic regression predicting

the likelihood of complicated AA Parameter B SE Wald df Sig Exp(B) 95% Cl for Exp(B)

based on age, sex, white blood cells lower  upbper

(WBC), C-reactive protein (CRP), and PP

sodium Sex 0135 0364 0137 1 0712 1.144 0.561 2335
Age 0.025 0.047 0.291 1 0.590 1.026 0935 1.125
CRP 0.017 0.003 23329 1 0.000 1.017 1.010 1.024
WBC 0.083 0.036 5.267 1 0.022 1.087 1.012 1.167
Sodium -0.331 0.071 21466 1 0.000 0.718 0.625 0.826
Constant 41.794 9589 18.998 1 0.000 4.415E+18

SE, standard error; Cl, confidence interval; CRP, C-reactive protein; WBC, white
blood cells.
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Complicated Appendicitis
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Fig. 3. ROC curve for binomial logistic regression model. ROC,
receiver operating characteristic.

between preoperative hyponatremia and complicated
AA. This finding could help emergency physicians,
pediatricians, and pediatric surgeons resolve their di-
agnostic dilemmas in case of suspected complicated AA
more quickly. The significance of this association lies in
the fact that the serum sodium level is routinely tested
in all children presenting to the ED with suspected AA.
The ability to predict complicated AA already at the
initial evaluation of a pediatric patient in the ED could
substantially reduce associated morbidity and the costs
of additional diagnostic tests.

Several researchers have studied predictors of compli-
cated AA, including CRP, leukocytosis, the length of
symptoms, and fever, to assess the need for surgery [18,
23-25]. However, the results of these studies were con-
troversial and difficult to apply in clinical practice. The first
study that reported hyponatremia as an independent pre-
dictor of complicated AA in children (n = 392) was pub-
lished in 2016 when Pham et al. [26] found hyponatremia in
63% of children with complicated AA and only 33% of those
with uncomplicated AA. This finding has been confirmed
by several recent studies [9-11, 13, 27]. Systematic reviews
[11, 13] and meta-analysis [13] confirmed these observa-
tions and found that hyponatremia corresponded to
complicated AA in the pediatric population [11, 13].
However, several studies reporting no statistically significant
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association between hyponatremia and complicated AA in
the pediatric population have also been published [16, 28].
Such contradictory findings are probably due to inconsis-
tencies in the definition of complicated AA, making
comparisons difficult. The present study used the classifi-
cation of complicated/uncomplicated AA based on the
AAST grading system [17]. Furthermore, the design of the
previous studies varied; some were retrospective [9, 16, 28],
while others were prospective [10, 27]. The definition of
hyponatremia was also inconsistent, which could further
affect the interpretation of data.

Serum levels of sodium affect the cellular volume and
determine tonicity, thus regulating fluid distribution
among different body compartments [29]. Hyponatremia
is the most common electrolyte abnormality encountered
in hospitalized patients, either as a complication of an
underlying acute illness or as a consequence of therapeutic
interventions [30]. In the pediatric population, hypona-
tremia is associated with poor overall outcomes [31] in the
case of central nervous system disorders, gastrointestinal
disorders, and sepsis [32]. Although the exact mechanism
responsible for the development of hyponatremia in severe
infectious processes, including complicated AA, is not
completely clear, the immuno-neuroendocrine pathway is
believed to be behind it [33]. Swart et al. pointed out the
important role of interleukin 6, whose value increases
during inflammation and mediates the cascade of non-
osmotic secretion of vasopressin (antidiuretic hormone)
with resulting hyponatremia [33].

Although appendectomy remains the standard of
care in the treatment of AA at our institution, the
results of the present study related to different levels of
sodium in uncomplicated and complicated AA could
contribute to our additional rate of adoption of non-
operative management by early prediction of patients
with uncomplicated AA who would potentially benefit
from this treatment modality. On the other hand, early
prediction of complicated AA would enable more
prompt treatment and reduce the morbidity rate, stay
in the hospital, and the exposure to unnecessary
preoperative diagnostic procedures. The usefulness of
hyponatremia as a promising marker for predicting the
severity of AA is strengthened if changes in the values
of other preoperative laboratory tests, especially in-
flammatory parameters, are observed. A retrospective
cohort study of 841 adult patients who underwent
emergency appendectomy emphasized the importance
of basic laboratory parameters such as CBC parameters
and CRP and found CRP to be a good independent
predictor of complicated AA [34]. Although in adult
patients, these basic laboratory parameters can be
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affected by various diseases (chronic, inflammatory,
neoplastic, hematologic, and allergic) and drugs and
therefore be less reliable indicators of complicated AA
[35]. We believe that the use of basic preoperative
biochemical laboratory parameters in determining
complicated or uncomplicated AA in children can have
an increased diagnostic value in achieving this goal,
which was observed in our study.

This study has some limitations. First, this study was
retrospective, lacking the validation of prospective studies.
Second, this study was a single-center study, and hence,
further research on larger samples is needed to identify a
stronger association of hypothermia with complicated AA
in children. Finally, there was a lack of certain laboratory
tests for some patients, which could have led to a potential
misinterpretation of the analyzed data.

Conclusions

Our study supports previous observations that pre-
operative hyponatremia along with elevated CRP and
WBC levels could reliably predict complicated AA in
pediatric patients. Further prospective and large-scale
studies should confirm these observations.
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