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Role of hyponatremia in differentiating
complicated appendicitis from uncomplicated
appendicitis: a comparative study
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Abstract. — OBJECTIVE: Some studies sug-
gest that serum sodium level may decrease at a
greater degree in complicated acute appendici-
tis (CA) because of the increased severity of in-
flammation. This study aimed to determine the
predictive value of some inflammatory markers
and hyponatremia in differentiating CA from un-
complicated acute appendicitis (UCA).

PATIENTS AND METHODS: In this retro-
spective cohort study, the data of patients who
underwent urgent appendectomy in Department
of General Surgery, Eskisehir Osmangazi Uni-
versity from January 01, 2016 to January 01,
2021, were analyzed. Patients were divided ac-
cording to appendicitis type, UCA and CA.

RESULTS: In this study, 10.2% (n = 79) of 772
acute appendicitis cases were CA. Multiple lo-
gistic regression analysis revealed that high
age (p = 0.001), male sex (p = 0.014), high leu-
kocyte count (p = 0.045), low lymphocyte count
(p = 0.023) and hyponatremia (p <0.001) were in-
dependently associated with CA. Patients with
hyponatremia (sodium level =134 mEg/L) had
3.050-fold higher risk for CA than patients with
normal sodium level (odds ratio: 3.050, 95% con-
fidence interval: 1.668-5.576). The results of the
ROC analysis performed to assess the role of
sodium level in detecting CA showed a sensitiv-
ity of 27.8% and a specificity of 92.1% (cut-off:
133.5 meq/L) (p = 0.001; area under the curve:
0.612 [0.539-0.684]).

CONCLUSIONS: Clinicians should be aware
of the higher likelihood of CA occurrence in pa-
tients with appendicitis in whom hyponatremia,
leukocytosis, or lymphopenia is detected in the
laboratory examination.
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Introduction

Acute appendicitis, defined as the inflamma-
tory disease of the appendix, is among the most
common causes of “acute abdomen” and is the
leading cause of urgent abdominal surgery'. Ap-
pendicitis often occurs in the second and third de-
cades of life. The incidence of appendicitis is the
highest in individuals aged 10-19 years and the
lowest in children aged <9 years. The male-to-fe-
male ratio is reported to be 1.4:1%, and the lifetime
incidence of appendicitis ranges from 7% to 8%°.

Acute appendicitis is mainly divided into two
types, as complicated acute appendicitis (CA)
and uncomplicated acute appendicitis (UCA). CA
can be accompanied by gangrenous appendicitis,
perforated appendix, phlegmon, or abscess in
the appendix*. Surgical site infection is reported
in 3.3%-10.3% of the cases after appendecto-
my, while intraabdominal abscess is reported
in 9.4%. Mortality rates in developing countries
range between 1-4%, while developed countries
report values below 1%?°. Perforated appendicitis
occurs in 29 per 100,000 patients’®, and it is more
common in men than in women?. Despite the de-
crease in the incidence of acute appendicitis, CA
incidence is increasing®. The degree of inflam-
mation is exacerbated in CA compared to UCA.
Therefore, various inflammatory markers, such
as C-reactive protein (CRP), leukocyte count,
neutrophil count, and erythrocyte sedimentation
rate, have been examined to predict CA’. Inflam-
mation causes an increase in the plasma levels
of interleukin (IL)-1b and IL-6, which stimulate
antidiuretic hormone (ADH) release, ultimately
causing hyponatremia®'?. Possible relationships
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between severe inflammation and sodium levels
are reported in appendicitis, and some studies
have suggested that the decrease in sodium level
may be more profound in CA due to increased
severity of inflammation''"%.

Early prediction of CA in in patients with
acute appendicitis can provide clinicians with the
chance to plan appropriate interventions. In this
study, we aimed to determine the predictive value
of some inflammatory cells and hyponatremia in
differentiating UCA from CA.

Patients and Methods

This retrospective cohort study was conducted
by examining data of patients who underwent an
urgent appendectomy in Department of General
Surgery, Eskisehir Osmangazi University from
January 01, 2016 to January 01, 2021. Ethical
approval was obtained from the Non-Invasive
Clinical Research Ethics Committee of Eskisehir
Osmangazi University, Turkey (date: 12.01.2021,
decision no: 09).

Study Group

All patients who underwent urgent appendec-
tomy with the diagnosis of acute appendicitis
between the relevant dates were assessed for
inclusion into the study (n = 772). Patients who
had elective surgeries and diseases that may af-
fect sodium levels, such as diabetes insipidus and
renal failure, were excluded from the study. Also,
subjects who had undergone appendectomy for
other reasons (malignancy etc.) and patients who
underwent appendectomy but were not diagnosed
with appendicitis, as determined by pathologi-
cal examination, were excluded from the study.
Therefore, the analyses only included patients
with findings showing appendiceal inflammation
in the pathological examination of specimens ob-
tained from appendectomy operations.

Measurements

Abdominal USG was performed in all patients
before the operation, and pelvic CT with intrave-
nous contrast was performed as a complementary
examination in 113 cases. Contrast-enhanced pel-
vic MRI was performed in 3 cases as a comple-
mentary examination. Afterwards, surgical proce-
dures were performed. The surgical and pathology
reports of the patients were reviewed retrospec-
tively from the hospital registry system. The pa-
rameters collected for this study were as follows:
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» Characteristics of the patients (age and gen-
der);

» Surgery type (open or laparoscopy);

Type of acute appendicitis (complicated or un-

complicated);

* Preoperative laboratory findings (sodium level,
leukocyte count, neutrophil count, and lym-
phocyte count) up to 24 h before the surgery.

Patients with perforation or phlegmon in the
pathological examination and patients with in-
traabdominal abscess or peritonitis in the surgical
report were diagnosed with CA. Patients were
divided into two groups according to the clinical
type of appendicitis, the UCA and CA groups. A
serum sodium level of <134 meq/L was accepted
as the threshold to define hyponatremia.

Statistical Analysis

All analyses were performed on SPSS v21
(IBM Corp., Armonk, NY, USA). The Shap-
iro—Wilk test was used for the normality check.
According to the normality of distribution, data
are given as median (Ist quartile—3rd quartile)
for continuous variables and as frequency (per-
centage) for categorical variables. Nonnormal-
ly distributed variables were analyzed with the
Mann—Whitney U test. The chi-square test or
Fisher’s exact test was used to compare groups
of categorical variables. Multiple logistic regres-
sion analysis (forward conditional method) was
performed to determine factors independently
associated with CA. The diagnostic performance
of the variables was assessed by using the receiv-
er operating characteristic (ROC) curve analysis,
and p < 0.05 values were accepted as significant
results.

Results

In this study, 10.2% (n = 79) of 772 acute
appendicitis cases were CA. Mean age (33 vs.
40 years, p = 0.001) and male patient frequency
(48.8% vs. 63.3%, p = 0.014) were significantly
higher in the CA group than in the UCA group.
Patients in the CA group were more frequently
treated laparoscopically, whereas those in the
UCA group were more frequently treated with
open surgery (p = 0.004). The leukocyte and
neutrophil counts were significantly higher (p
= 0.002 and p = 0.001, respectively), while lym-
phocyte count was lower (p < 0.001) in the UCA
group than in the CA group. While the frequency
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Figure 1. Sodium level according to the type of appendicitis.

of hyponatremia was 7.9% in the UCA group, it
was 27.8% in the CA group (p < 0.001) (Figure 1).
The summary of patient characteristics and clini-
cal features according to the type of appendicitis
are shown in Table L.

The results of the ROC analysis, which was
performed to determine the role of sodium level
in detecting CA, revealed a sensitivity of 27.8%
and specificity of 92.1% at a cutoff of 133.5 meq/L
(p =0.001; area under the curve, 0.612 [95% con-
fidence interval, 0.539-0.684]) (Figure 2).

Multiple logistic regression analysis revealed
that high age (p = 0.001), male sex (p = 0.014), high

leukocyte count (p = 0.045), low lymphocyte count
(p = 0.023) and hyponatremia (p<0.001) were risk
factors that were independently associated with
CA. Patients with hyponatremia (sodium level
<134 mEq/L) had 3.050-fold higher likelihood to
have CA than patients with normal sodium level
(odds ratio: 3.050, 95% confidence interval: 1.668-
5.576) (Table II). Other variables included in the
analysis, surgery type (p = 0.051) and neutrophil
count (p = 0.313) were found to be non-significant.

Discussion

Acute appendicitis is the leading cause of
acute abdomen that requires urgent intervention.
If the severity of the clinical picture can be pre-
dicted before the planned surgery, preparations
can be made against possible undesirable events.
Therefore, distinguishing CA from UCA will
allow clinicians to plan the intervention and take
measures against possible problems that may be
encountered during surgery. This study attempt-
ed to differentiate UCA from CA cases based on
some clinical features, especially sodium level;
results showed that the frequency of hyponatre-
mia was higher in the CA group than in the UCA
group. Leukocyte counts were significantly high-
er and lymphocyte levels were lower in the CA
group than in the UCA group. In addition, the CA
group consisted of relatively older patients, with a
predominance of men.

Many previous studies'>! have shown that
serum sodium level is associated with mortali-

Table I. Summary of patients’ characteristics and clinical features according to the type of appendicitis.

Type of appendicitis
Uncomplicated (n = 693) Complicated (n = 79) P

Age (year) 33 (25-45) 40 (27-68) 0.001
Sex 0.014

Female 355 (51.2%) 29 (36.7%)

Male 338 (48.8%) 50 (63.3%)
Surgery type 0.004

Open 400 (57.7%) 59 (74.7%)

Laparoscopy 293 (42.3%) 20 (25.3%)
Leukocytes (10%/ul) 12.71 (9.98-15.90) 14.50 (11.40-18.00) 0.002
Neutrophil (10%/ul) 9.80 (6.90-13.10) 11.30 (8.60-15.40) 0.001
Lymphocyte (10%/ul) 1.81 (1.31-2.50) 1.50 (1.00-2.10) <0.001
Sodium level <0.001

<134 mEq/L 55 (7.9%) 22 (27.8%)

> 134 mEq/1 638 (92.1%) 57 (72.2%)

Data are given as median (1% quartile-3" quartile) for continuous variables and as frequency (percentage) for categorical variables.
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Figure 2. ROC analysis demonstrating the ability of serum
sodium levels to predict complicated appendicitis.

ty and morbidity in ischemic events occurring
in the gastrointestinal tract. Serum sodium lev-
el has also been associated with complications
and mortality after gastrointestinal surgeries’. In
addition, our literature review revealed various
studies''*!"18 with the existence of a relation-
ship between the development of complications
in acute appendicitis and serum sodium level.
In a systematic review'” focusing on the role
of hyponatremia in identifying CA, the authors
emphasized that serum sodium level can be a
useful biomarker to detect CA. In another re-
cent systematic review and meta-analysis'”, the
authors also reported that hyponatremia was a
useful parameter to distinguish CA cases from

hensively demonstrated the relationship between
complicated appendicitis and lower sodium level
in pediatric and adult populations. In recent stud-
ies?'?2, it was noted that the preoperative sodium
value had an acceptable level of discrimination in
predicting CA at a cut-off point of <134 mEq/L.
The present study showed that hyponatremia was
an independent risk factor associated with CA,
and that sodium level (<133.5 mEq/L) could be
utilized to detect UCA, consistent with the results
of previous studies. Although the relationship be-
tween hyponatremia and CA has been shown in
previous studies”, the underlying reason for this
relationship has not been clearly revealed. This
relationship was thought to be explained by the
hypothesis that the severity of inflammation is
associated with the release of ADH. According to
this hypothesis, increased levels of ILs in diseas-
es that cause relatively severe inflammation are
suggested to stimulate ADH release. Increasing
ADH levels cause dilutional hyponatremia by
reducing the excretion of water from the renal
tubular system®°,

Given the retrospective design of this study,
a cause-effect relationship could not be demon-
strated. Nevertheless, the results of this study
and those of related studies reveal that serum
sodium level is a potential marker that has value
in predicting CA cases, especially since it is an
inexpensive, widely used, and accessible labora-
tory parameter.

The variable characteristics of patients based
on sex and age can affect the incidence and
clinical course of various diseases. Many stud-
ies'*!*23-2 have reported that age and sex, similar
to sodium level, can be independent parameters
of predicting CA. In one study”, researchers
showed that older age increases the incidence
of complicated appendicitis by 3% per year,
while being male increases it by 1.9-fold. In

UCA cases. Other studies''*'®2 have compre-

many related studies''*4%,

the frequency of

Table II. Significant factors independently associated with complicated appendicitis, multiple logistic regression analysis.

p coefficient Standard error P Exp (B) | 95.0% CI for Exp (B)
Age 0.025 0.007 0.001 1.025 1.011 1.040
Sex, male 0.631 0.256 0.014 1.879 1.136 3.106
Leukocytes 0.038 0.019 0.045 1.038 1.001 1.077
Lymphocyte -0.386 0.170 0.023 0.680 0.488 0.948
Sodium level, < 134 mEq/L 1.115 0.308 <0.001 3.050 1.668 5.576
Constant -3.585 0.579 <0.001 0.028

CI: Confidence Interval, Nagelkerke R>=0.140.
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CA is found to be increased in males and older
patients. By contrast, some rare studies'** have
revealed that age and sex are associated with
higher incidence of both CA and UCA; thus,
they suggest no apparent relationship between
these factors and increased likelihood of CA. In
the present study, the number of male patients
was higher in the CA group and patients with
CA were older. Considering that the majority of
the literature is in agreement with these results,
we believe that clinicians should be aware that
higher age and male sex are primary factors
when assessing the likelihood of CA.

Acute appendicitis progresses with inflam-
mation. Therefore, as in other inflammatory
diseases, the increase in the levels of acute-
phase reactants and inflammatory cells was
not surprising. Undoubtedly, other conditions
such as complications that exacerbate inflam-
mation will increase, to some extent, the level
of these biomarkers. Similarly, the CA vs. UCA
comparisons of the current study revealed that
leukocyte and neutrophil counts increased rel-
atively more in subjects with CA. The results
of previous studies are also compatible with
these findings. Numerous studies have indicat-
ed that leukocytes and CRP are associated with
complicated appendicitis, and the extent of
leukocyte count increase has been extensively
investigated in previous studies. Although a
high leukocyte count can predict the proba-
bility of CA at a certain accuracy, leukocyte
increase alone is not valuable because it is
not specific to the appendix, since it increases
in many other diseases?’. Similar studies'-*
have reported that the increase in leukocyte
and neutrophil counts was associated with the
severity of inflammation of the appendix and
the development of CA. Nonetheless, some re-
searchers?26-23! suggest that leukocyte or neu-
trophil count alone may be valuable in differ-
entiating UCA from CA. However, generally it
is accepted that leukocyte count can be used to
support the diagnosis of acute appendicitis, but
it is not valuable in differentiating UCA from
CA32. Although the increase in inflammatory
cells appears to be associated with the clinical
severity of UCA and CA, these parameters are
highly nonspecific.

The retrospective design of the study is an
important limitation. Therefore, different param-
eters that could be valuable in estimating CA
were not examined, and a cause—effect relation-
ship could not be established. The single-center

setting, relatively low number of complicated
cases, and varying measurement times limit the
generalizability of the results. In addition, other
hormonal and clinical parameters that may affect
laboratory parameters have not been evaluated.
These variables may have influenced the results
and comparisons between groups.

Conclusions

CA can be distinguished from UCA based on
some clinical features. The results of this study
indicate that older patients and male patients
with acute appendicitis have a higher risk of
developing CA. Clinicians should also be aware
of the higher likelihood of CA in patients with
hyponatremia, leukocytosis, or lymphopenia. In
future prospective studies, our results can be
validated by evaluating the predictive values of
these parameters for CA in larger case groups. In
addition, more precise estimates can be obtained
by using scoring systems created with various
combinations of these parameters and could aid
in the differentiation of CA from UCA.
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