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Abstract
Background The present study investigated the level of 5-hydroxyindoleacetic acid (5-HIAA) in perforated and 
nonperforated appendicitis patients. This issue is important for timely diagnosis of acute appendicitis complications 
and making decision about the surgical plan and type of incision.

Methods This prospective study was conducted on patients with acute appendicitis. 5-HIAA levels were measured 
in urine spot sample of every patient before the surgery. The patients were finally included based on result of 
pathology for presence of appendicitis or not and sorted by direct surgical detection for exist of perforation or not. 
The sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy of 5-HIAA were 
investigated. The data were statistically analyzed by SPSS v.27.

Results A total of 150 patients were included in two groups as 40 patients in the perforated appendicitis group 
and 110 patients in the noncomplicated acute appendicitis group. The average age of patients in the perforated 
appendicitis group was 28.8 ± 6.07 years, and that of patients in the acute appendicitis group was 29.6 ± 6.96 years. 
94 patients (63%) were male, and 56 (37%) were female. No significant difference was observed in terms of age or 
sex between the two groups. The difference in the 5-HIAA concentration between the acute appendicitis group 
(0.3 ± 0.04 mg/dl) and the perforated appendicitis group (0.5 ± 0.03 mg/dl) was significant (P < 0.001). The sensitivity, 
specificity, positive predictive value, negative predictive value and diagnostic accuracy were 82%, 62%, 75%, 77%, and 
88% respectively.

Conclusion This study shows that the 5-HIAA concentration in patients with perforated appendicitis can potentially 
increased significantly more than that in patients in the early stages of acute appendicitis. further studies with larger 
sample sizes are needed to prove the present results.
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Background
Acute appendicitis is one of the most common surgical 
emergencies, making timely diagnosis and appropriate 
management critical [1, 2]. Delays in diagnosis can lead 
to complications such as gangrene or perforation of the 
appendix [3]. These complications necessitate different 
treatment approaches and underscore the importance of 
prompt diagnosis [4]. The distal part of the appendix con-
tains enterochromaffin cells, which secrete large amounts 
of serotonin [5]. During inflammation and infection, the 
secretion of serotonin by these cells increases. Serotonin 
is then metabolized in the liver to 5-hydroxyindoleacetic 
acid (5-HIAA) and excreted in the urine [6]. Recently, 
studies have investigated the potential of 5-HIAA in the 
diagnosis of acute appendicitis [7].

This study aims to compare the levels of the marker 
5-HIAA in cases of perforated appendicitis versus non-
complicated appendicitis. Our objective is not to use 
5-HIAA for diagnosing appendicitis in general, but rather 
to investigate whether elevated levels of 5-HIAA can be 
used to identify perforation. This distinction is crucial 
because the type of surgical incision varies depending 
on the presence of perforation. For uncomplicated acute 
appendicitis, an appendectomy is typically performed 
through a McBurney incision. However, if the appendi-
citis is perforated, a lower midline incision is necessary 
for proper management [3, 4]. Identifying perforation 
before surgery would enable better surgical planning and 
decision-making.

Materials and methods
Study design
This prospective study was conducted at a tertiary medi-
cal center and approved by the Ethics Committee of Sha-
hid Beheshti University of Medical Sciences. Inclusion 
criteria consisted of patients aged 18 to 65 years who were 
candidates for surgery due to acute appendicitis, had no 
history of abdominal surgery or malignancy, and sero-
tonin-related drug use, had no consume of banana, caf-
feine, and chocolate in past 24 h, and provided informed 
consent. Urine spot samples were collected from patients 
meeting the inclusion criteria before surgery to mea-
sure random urine 5-HIAA level. Following appendec-
tomy, the presence of perforation was documented by 
the surgeon. Only patients with pathologically confirmed 
appendicitis were included in the final analysis, and their 

5-HIAA levels considered for evaluation. The measure-
ment was done using ELISA methods. To increase the 
stability of 5-HIAA in urine samples, hydrochloric acid 
(HCl) was added as a preservative directly to the collec-
tion container before urine collection to maintain the pH 
at the desired level. Because the acidification of the urine 
sample to a pH of around 3 helps to stabilize 5-HIAA, 
reducing its degradation and ensuring more accurate 
measurement. Additionally, the samples were stored in 
dark and cold condition [8].

Sample size
The sample size was calculated based on a sensitivity (Se) 
of 70%, specificity (Sp) of 90%, a prevalence (P) of 20%, 
and a desired confidence level of 95% (Z-value = 1.96), 
resulting in a requirement of 150 participants.

Statistical analysis
Descriptive statistics, including frequency, percentage, 
mean, median, range, and standard deviation, were used 
to summarize the data. Analytical methods included the 
chi-square test, Mann‒Whitney test, Kruskal‒Wallis test, 
and other nonparametric tests. The sensitivity, specific-
ity, positive predictive value, negative predictive value, 
and diagnostic accuracy of 5-HIAA were calculated. Data 
analysis was conducted using SPSS version 27 software.

Results
In this study, a total of 150 patients were divided into 
two groups as 40 patients in the perforated appendici-
tis group and 110 patients in the noncomplicated acute 
appendicitis group. The mean and standard deviation of 
the age of the patients were 29.3 ± 6.7 years (Table 1). The 
results showed that there was no significant difference 
between the two groups in terms of age (P = 0.50). Out 
of 150 participants in the study, 94 (63%) were male and 
56 (37%) were female. Additionally, the frequency distri-
butions of men and women were investigated and com-
pared between the two groups (Table 1), and the results 
showed that the two groups were not significantly differ-
ent in terms of sex (P = 0.26).

Based on the objectives of this research, the difference 
in 5-HIAA levels between patients with acute and per-
forated appendicitis was investigated (Fig.  1). The over-
all mean 5-HIAA level was 0.35 ± 0.09  mg/dl. The level 
of spot urine 5-HIAA was significantly higher in the 

Table 1 Demographic information of patients in the studied groups
Variables Perforated appendicitis

(N = 40)
Acute appendicitis
(N = 110)

Total
(N = 150)

P Value

Age (Year) 28.8 ± 6.07 29.6 ± 6.96 29.3 ± 0.7 0.500
Gender 0.260
Male 28 (70%) 66 (60%) 94 (62.7%)
Female 12 (30%) 44 (40%) 56 (37.3)
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perforated appendicitis group (0.5 ± 0.03  mg/dl) com-
pared to the acute appendicitis group (0.3 ± 0.04  mg/dl) 
(P < 0.001). The sensitivity, specificity, positive predictive 
value, negative predictive value, and diagnostic accuracy 
of 5-HIAA for predicting perforation were 82%, 62%, 
75%, 77%, and 88%, respectively.

Discussion
In recent years, despite the rapid availability of diagnostic 
tools in emergency units, there has been little progress in 
reducing the misdiagnosis rate of appendicitis. Delays in 
diagnosing acute appendicitis increase the risk of perfo-
ration, potentially leading to peritonitis or abscess forma-
tion [9]. The symptoms of appendicitis often overlap with 
those of other conditions, such as gastroenteritis, urinary 
tract infections, and pelvic inflammatory disease [10]. In 
cases of suspected perforated appendicitis, further inves-
tigation can be done using a contrast-enhanced CT scan 
to reveal complications [11]. However, in this study, we 
explored the potential of using a biomarker as an alterna-
tive. This approach may reduce costs, minimize radiation 
exposure, and decrease the reliance on contrast agents 
for assessing perforation. It is more useful in special pop-
ulations like pregnant patients. This distinction is crucial 
because the type of surgical incision varies depending on 
the presence of perforation [5]. For uncomplicated acute 
appendicitis, we typically perform an appendectomy 
through a McBurney incision. However, if the appendi-
citis is perforated, a lower midline incision is necessary 
for proper management [3, 4]. Identifying perforation 
before surgery would allow for better surgical planning 
and decision-making.

The appendix is rich in enterochromaffin cells, which 
synthesize and store serotonin (5-hydroxytryptamine 
or 5-HT). The digestive system contains approximately 
95% of the body’s serotonin [12, 13]. Recent studies have 
shown that during an inflammatory process in the appen-
dix, blood serotonin levels increase. In the liver, 5-HT is 
rapidly metabolized to 5-HIAA by the monoamine oxi-
dase system and subsequently excreted in the urine [14]. 

Several studies have investigated the use of plasma sero-
tonin concentrations in diagnosing acute appendicitis. 
Kalra et al. and Singh et al. found that plasma serotonin 
concentration is a reliable marker for early acute appen-
dicitis, especially when physical symptoms are unclear. 
However, they noted that serotonin concentration is 
less useful in diagnosing gangrenous appendicitis. This 
suggests that 5-HT levels decrease as the inflammatory 
process progresses toward severe mucosal necrosis and 
cell destruction [15, 16]. A clinical trial by Khirallah et 
al. (2021), showed a significant higher level of 5-HIAA 
in acute appendicitis than control. Their optimal cutoff 
value was 5-HIAA > 16.0 mg/gCreatinine with 91.8% sen-
sitivity, 87.1% specificity in detection of acute appendici-
tis [17].

In a clinical trial by Jangjoo et al. (2012), no statistical 
deference was found in level of 5-HIAA between control 
and acute appendicitis patients. They stated that 5-HIAA 
is not reliable enough to be used as a single test for defin-
itive diagnosis or ruling out of acute appendicitis, while it 
may be useful to increase the accuracy of diagnosis, espe-
cially in more severe stages of appendicitis [18]. Bolan-
dparvaz et al. (2004), showed a significant higher level of 
5-HIAA in acute appendicitis and gangrenous cases than 
control, while 5-HIAA was significantly lower in gangre-
nous cases than acute appendicitis ones. They also stated 
that the performance of spot 5-HIAA was higher than 
adjusted with creatinine. Finally, they concluded physio-
logical reduction in level of 5-HIAA on severe stages and 
suggesting perforation [19]. Kamal et al. (2017), showed a 
significant higher level of 5-HIAA in mild acute appendi-
citis with specificity of 100%, sensitivity of 94%, and diag-
nostic accuracy of 97%. But they found many reductions 
of 5-HIAA in severe cases (perforated or gangrenous) and 
no statistical deference between severe ones and normal 
population with specificity of 100%, sensitivity of 37%, 
and diagnostic accuracy of 68% [20]. In a study by Men-
tes et al. (2009), 5-HIAA levels were evaluated in patients 
with acute appendicitis. The levels of 5-HIAA increased 
in all groups of appendectomy cases within 24 h after the 
operation, with the greatest increase observed 12 h after 
cecal ligation. The diagnostic accuracy of 5-HIAA in this 
study was estimated to be approximately 76%, similar to 
the findings of our study [21]. In a systematic review and 
meta-analysis by Montero et al. (2023), the authors con-
cluded that while 5-HIAA is potentially a useful marker 
for diagnosing acute appendicitis, it cannot differentiate 
between complicated and noncomplicated cases [22]. 
This conclusion is based on the fact that most stud-
ies reported no significant difference in 5-HIAA levels 
between these two groups, while the result of our work is 
supporting the potential of 5-HIAA in detection of com-
plicated cases in against other works. In our study, the 
difference in 5-HIAA levels between patients with acute 

Fig. 1 Comparison of 5-HIAA between acute and perforated appendicitis 
patients (mg/dl)
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and perforated appendicitis was significant. The sensitiv-
ity, specificity, positive predictive value, and negative pre-
dictive value were 82%, 62%, 75%, and 77%, respectively, 
based on statistical analysis.

The differences between these studies and ours may be 
due to sample size, sampling considerations, and disease 
severity [20]. The excretion of 5-HIAA can be influenced 
by various medical (carcinoid tumors, gastroenteri-
tis, IBD, celiac disease, and etc.), pharmacological, and 
dietary conditions, which limits its utility as a routine 
diagnostic test for acute appendicitis [22, 23]. To mitigate 
these factors, we excluded patients with a history of sero-
tonin-related drug use and those who consumed coffee 
or chocolate which have a high amount of caffeine within 
24  h prior to sample collection. However, many nutri-
tions may also affect urine 5-HIAA levels. We preserved 
the samples using HCl, light protection, and cooling. 
These considerations were taken to minimize 5-HIAA 
degradation and ensure more accurate measurements, as 
darkness, cold temperatures, and acidification enhance 
the stability of 5-HIAA [8].

The most significant limitation of this study was its 
small sample size, which was constrained by the COVID-
19 pandemic, the limited duration of the study, and a lack 
of resources. As a pioneering study in our country, no 
similar research has been conducted thus far. At the time 
of this study, providing enough sample kits was chal-
lenging due to restrictions. Additionally, 5-HIAA mea-
surement methods were referenced for 24-hour urine 
samples, making the use of kits for random urine samples 
uncommon. Future studies should be conducted with 
larger sample sizes and improved resources to obtain 
more accurate and reliable results and to establish an 
optimal cutoff for clinical use.

Conclusion
The results of this study indicate that 5-HIAA concen-
trations can be significantly higher in cases of perforated 
appendicitis compared to uncomplicated acute appendi-
citis. Therefore, measuring 5-HIAA levels maybe poten-
tially used in revealing perforation and help surgeons 
determine the most appropriate incision and surgical 
approach for appendectomy. However, further research is 
needed to provide more definitive evidence and conclu-
sions on this subject.
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