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Objective: This study looks at the connection between preoperative hyponatremia and
the intensity of severe appendicitis in Punjab.

Methodology: This retrospective observational study was conducted at dept. of general
surgery BBH hospital Rawalpindi from August 2022 to December 2023. Data was
retrieved from hospital medical records of all non-pediatric recipients who underwent
surgery for severe appendicitis with age more than 14 years. A blood sodium
concentration of less than 135 mEq/L was defined as hyponatremia. Based on surgical
results and/or histology reports, cases were divided into two categories: complex and
non-complicated appendicitis.

Results: This research discovered and enrolled 68 participants in total. Elderly and female
patients were reported to have complex appendicitis with greater frequency.
Significantly higher rates of hyponatremia were seen in patients with severe appendicitis
(p <0.001) and individuals with perforations compared to those without (p 0.048).
Conclusion: The current investigation established a link between complex appendicitis
and pre-operative hyponatremia. An inexpensive, standard laboratory test called serum
sodium content may serve as an auxiliary marker to help surgeons diagnose gangrenous
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or perforated severe appendicitis earlier.
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Introduction

The primary reason for severe abdominal discomfort and
the most frequent indication for urgent abdominal surgery
worldwide is severe appendicitis.! According to
estimates, 7-8% of the population as a whole in the West
will need an emergency surgical append at a certain time
in their lives.? Both death rates and morbidity have not
greatly improved despite recent advancements in imaging
and therapy.® Most of the time, individuals have
straightforward, non-complicated appendicitis (NCA).
Patients with complex appendicitis (CA) had significantly
poorer surgical outcomes, including higher rates of
morbidity, longer recovery times, and higher hospital
expenses.*

A ruptured or gangrenous appendix serves as a defining
characteristic for the CA category of individuals with
acute appendicitis.® Twenty to thirty per cent of instances
can result in a perforation; however, rates in older adults

and children are greater.5” Perforation frequencies are
significantly greater, particularly with children under the
age of five.2 They range from 100% in infants under the
age of one year to 47.3% in youngsters under the age of
five. In California, earlier surgery is linked to less
postoperative problems, but later surgery entails higher
hospital stays and expenses.® Individuals with
appendiceal perforations who arrive with widespread
peritonitis must have surgery as soon as possible, but
determining whether the remaining patients also require
an appendectomy might be challenging. Early diagnosis
of CA sufferers may influence choices on when to
perform surgery and if non-operative therapies are
appropriate. Several scoring systems, including the
Appendicitis Inflammatory Response Score (AIR), the
Paediatric Appendicitis Score (PAS), and Alvarado, have
been developed to evaluate individuals with serious
appendicitis. It has been demonstrated that none of such
scoring methods has a predicting value that is sufficient
for identifying CA in the adult population, underscoring
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the need for enhanced specificity indicators that are user-
friendly in immediate clinical settings.

Several studies link a range of laboratory (C-reactive
protein, leukocytosis, neutrophil number
neutrophil/lymphocyte proportion, erythrocyte
sedimentation proportion, and bilirubin) and medical (a
high temperature, tachycardia, and indication duration)
criteria to CA to enhance detection of the condition.'??

Serum sodium levels below 135mEg/L, or hyponatremia,
are linked to higher rates of perioperative death and fatal
injuries.’®*  While the precise pathophysiological
connection that exists between hyponatremia and chronic
inflammation is still unknown, several investigations
have shown that pro-inflammatory cytokines, like
interleukin (IL-) 1B and IL-6, in addition to the release of
antidiuretic hormone (ADH), are likely involved in the
emergence of hyponatremia in circumstances involving
grave inflammation.!**> We looked at the connection
between preoperative  hyponatremia and  severe
appendicitis aggravation since early diagnosis of CA
cases could reap advantages from timely surgical care.

Methodology

This retrospective observational study was conducted in
the Department of General Surgery, BBH Hospital,
Rawalpindi, from August 2022 to December 2023.
Ethical approval was obtained from the Institutional
Review Board (IRB) under reference number RMU-RRF-
SUR-007-24. Data was retrieved from hospital medical
records of all non-pediatric recipients who underwent
surgery for severe appendicitis with age more than 14
years. Patients with American Society of Anesthesiology
(ASA) score >3, appendiceal neoplasms, appendicitis
amid pregnancy, and missing data were not included in
the research. Preoperative radiology results, operation
notes, histological notes, laboratory results upon
enrollment, and patient information including age and sex
were all included in the study data. Two groups of
patients were identified: one for difficult appendicitis
(CA) and another for non-complicated appendicitis
(NCA). Individuals in the CA category were primarily
selected through their operational records, which
documented intraoperative results for a split or
gangrenous appendix as well as the existence of intra-
abdominal peri-appendiceal abscess or peritonitis. In
situations where the operating notes were ambiguous,
histological confirmation of transmural necrosis was also
pursued. The individuals with CA were then divided into
two categories based on proof of appendiceal perforation

(perforation—no perforation). Hyponatremia is defined as
a serum sodium level <135mEq/L and normonatremia as
a serum sodium range >135mEq/L and <145mEq/L,
depending on our institution's laboratory's regular serum
sodium values.

The study's main findings reveal that there was a
correlation between the existence of a perforated
appendix and the complex condition appendicitis that was
discovered upon hospitalization, as well as decreased
serum sodium concentrations. The identification of
preoperative  (demographic traits and presenting
indicators) and postoperative (adverse effects) indicators
also connected to severe appendicitis had been an
additional result.

By the kind of variables examined and sample size, IBM
SPSS 25.0 (SPSS Inc., Chicago, IL, USA) was used to
complete the statistical evaluation. The statistical
procedures employed include Student's t, Pearson's chi-
square, and Fisher's exact. Through the use of the
Shapiro-Wilk test means, the distribution's uniformity
was verified. Using the receiver operating characteristic
curve (ROC) evaluation, the threshold level for the
forecasting of CA was evaluated, and the means of the
area under the curve (AUC), sensibility, and precision
were determined. A probability ratio (p) of below 0.05
was designated as the threshold for statistical
significance.

Results

A total of 68 participants were found and incorporated
into the current investigation from individuals who had
appendectomies throughout the study timeframe. The
recorded data indicated that 32 patients (47.05%) had
NCA and 36 patients (52.95%) had CA. Among female
patients, CA (24, 35.3%) was detected in the majority as
opposed to NCA (15, 22.06%). Conversely, findings
indicate that significantly more female patients reported
with CA (p 0.006), whereas more men (29, 42.7%)
reported with NCA. The CA group's average patient age
was significantly greater than the NCA category's (p
0.017), indicating that older individuals often have more
serious appendicitis. Table | lists the primary
postoperative problems including shallow infections in
the surgical area, extensive operative site infections
(including intra-abdominal infection), and systemic
abnormalities (pulmonary and urine infections), along
with the most prevalent preoperative appearances of
individuals in both categories. Other than the
preoperative observation of abdominal guarding, which
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was more common in patients in the CA group (p <
0.001), there were no significant variations between the
two categories in terms of postoperative issues or
presenting types. While preoperative sodium content was
normal in most patients in both categories, hyponatremia
was much more common in people with CA than in
individuals with NCA (41.20% vs. 1.60%, accordingly, p
< 0.001) (Table I). The receiver operator (ROC) curve of
serum sodium degrees upon enrollment determining those
who had CA demonstrated an AUC of 0.793 (95% CI:
0.718-0.868) (Figure 1). The minimum threshold of
<135mEq/L, which in the present investigation was
employed to separate individuals with hyponatremia,
showed responsiveness of 41.40%, specificity of 98.30%,
positive anticipatory value of 96.60%, and negative
forecasting value of 60%. Comparison of the
performance-no perforation subgroups of patients with
CA revealed that there was no significant difference (p-
value 0.375) in the preoperative sodium amounts between
the two categories. The comparison showed that
significantly more individuals who had perforation
(36.7%) versus individuals without perforation (19.2%)
had lower preoperative sodium concentrations (p >0.048)
when all research participants were divided into the
perforation—no perforation categories.
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Patients with non-complicated and complex appendicitis
are categorized based on their sex (using Pearson's x2
test), age (using Student's t-test), preoperative
presentation (using Fisher's exact test for peritonitis,
abdominal guarding, nausea/vomiting, and fever),
complications following the operation (using Fisher's
exact test for superficial SSI, deep SSI, and systematic),
and preoperative sodium concentrations.

Discussion

The current investigation showed that preoperative
hyponatremia was detected more often in patients with
recorded perforations other than those without
perforations, as well as in individuals who were
discovered to have CA as opposed to NCA. Given that
CA is typically linked with a poor prognosis,
identification of preoperative hyponatremia by standard,
inexpensive laboratory testing may suggest a higher risk
of appendiceal gangrene and/or perforation. This
discovery may have an impact on how patients are
managed, possibly resulting in early surgical treatment
and the cessation of surveillance or nonoperative
approaches. In several clinical scenarios, such as
community-based pneumonia and sporadic bacterial
peritonitis in liver cirrhosis, hyponatremia is linked to a
poor outcome and extended hospitalization.’518 Pre-
operative hyponatremia is linked to higher peri-operative
morbidity as well as death in the surgical environment.!3
It has been discovered that hyponatremia upon admission
is useful in both diagnosing necrotizing soft-tissue
infections and estimating the patients' fatality.’® 20
Hyponatremia was found to be a potential indicator of
gangrenous cholecystitis, intestinal ischemia, and/or
perforation in small intestine obstruction amidst a variety
of admission factors.?" 22

A growing amount of data points to a possible link
between hyponatremia and perforation or ischemia of the

Table I: Comparison of Demographic Characteristics, Preoperative Clinical Features, Sodium Levels, and
Postoperative Complications Between Patients with Non-Complicated and Complicated Appendicitis.

Patient Demographics NCA (32) 47.05% CA (36) 52.95% P value

Gender Male, n (%) 29 (42.05%) 00 0% 0.006
Female, n (%) 24 (35.3%) 15 (22.06%)

Age Mean (SD) 33.8 (14.7%) 45.8 (21.5%) 0/017
Abdominal guarding 10(31.3) 26(72..2) <0.001

Preoperative Peritonitis 0(0%) 2(5.6%) NS

Presentation Nausea/vomiting 15(46.9%) 7(19.2%) NS
Fever 7(11.5%) 1(2.7%) NS

Preoperative sodium Normonatremia 31(98.4%) 21(58.33%)

levels Hyponatremia 1(1.6%) 15(41.7%) 0.001

Postoperative Superficial SSI 3(4.9%) 7(10.3%) NS

complications Deep SSI abscess 1(1.6%) 4(5.8%) NS
Systematic 1(1.6%) 5(7.3%) NS
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visceral wall. According to Swart et al'S, the so-called
"immuno-neuroendocrine interaction,” in  which
interleukin-6 (IL-6) plays a significant role, might
underlie the clinical link between strong inflammatory
stimuli and hyponatremia. The accelerated phase
response is triggered by the secretion of various pro-
inflammatory  cytokines, such as IL-6, during
inflammation.?® Circulating IL-6 activates the lamina
terminalis's subfornical organ and organum vasculosum
by either diffusing or being transferred over the blood-
brain interface.?* Elevated vasopressin production by
neurons in the paraventricular and supraoptic nuclei and
thirst are the ultimate results of this stimulation.
Hyponatremia is eventually brought on by an interaction
of higher water consumption and antidiuresis brought on
by cytokine-mediated nonosmotic vasopressin outflow.®

Previous studies in elderly and paediatric groups have
shed light on attempts to assess a potential relationship
between the extent of appendicitis and hyponatremia.
Kim et al?®® examined the relationship between different
medical and laboratory criteria and intraoperatively
diagnosed perforated or gangrene appendicitis in a
retrospective study including 1550 older people with
severe appendicitis. They discovered that hyponatremia
may be indicative of serious appendicitis.

In their evaluation of hyponatremia as an indicator of
colon perforation in people over 50 with sigmoid
diverticulitis or appendicitis, Ka'ser et al'! concluded that
while hyponatremia is capable of being used as such a
marker, its low specificity means that its absence is
unable to predict a lack of colon perforation. The
researchers do not specify, nevertheless, if the particular
group of individuals with perforated appendicitis and
hyponatremia had the same correlation  with
hyponatremia.** Wu et al?®® examined the prognosis, risk
variables, and clinical features of severe appendicitis in
grown-up hemodialysis victims. They discovered that
appendiceal perforation existed in 66% of individuals
with preoperative hyponatremia, but there was no
significant difference between this category and the
nonhyponatremia category.

In pediatric populations, the relationship between the
seriousness of appendicitis and hyponatremia was also
examined. A recurrent diagnostic precision research by
Lindestam et al.?’ that included eighty youngsters with
severe appendicitis demonstrated a substantial correlation
between appendiceal perforation and plasma sodium
content of <136 mmol/L. Pogorelic et al.? found that a
sodium level cutoff value of <135 mmol/L provided the

best attainable sensitivity (94.7%) and specificity (88.5%)
in an investigation involving 184 paediatric patients. The
research also confirmed hyponatremia as an ensuring new
biochemical indicator suggesting complex appendicitis.
In a retrospective case-controlled study, Besli et al.?®
discovered no distinction in sodium concentrations
between kids with and lacking severe appendicitis.
Additionally, this investigation found that individuals
with CA had reduced basal sodium concentrations; a
sensitivity of 82.5% and precision of 31.1% were
obtained using a cutoff threshold for basal Na <138
mEg/L.2® Pham et al'?> and Serradilla et al*® conducted
comparable retrospective investigations and came to the
same conclusion: hyponatremia was significantly linked
to CA. Giannis et al.®* concluded that blood sodium
concentrations should be considered a perspective in
patients reported of having complex acute appendicitis
after conducting a comprehensive analysis that included
seven research from both pediatric and mature
populations.

The retrospective methodology, somewhat modest
sample size (mostly because of the single-institution
approach), and a limited number of missing data that
reduce the study's statistical significance are some of the
investigation's limitations. The differences in different
research’ adoption of a cutoff value for blood sodium
values is another source of constraint. While other
investigations utilized<135 mEq/L, <136 mEq/L, or <136
mEq/L, our research classified hyponatremia as a serum
sodium ratio of <135 mEq/L. This makes comparing
findings less accurate.

Conclusion

Finally, our research showed a correlation between
preoperative hyponatremia and CA. A common,
inexpensive laboratory test called serum sodium
concentrations may serve as an auxiliary marker to help
surgeons diagnose perforated acute appendicitis or
gangrene early. Prospective investigations in the years to
come will shed more light on the relationship between
hyponatremia and the extent of appendicitis, enabling the
best possible therapeutic care.
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