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A B S T R A C T

Background: Serotonin-containing cells are abundantly found in the appendix. Studies have shown
that acute appendicitis is likely to be characterized by altered urinary 5-hydroxyindole acetic acid
(5-HIAA), an active serotonin metabolite. The aim of this study is to investigate the diagnostic
potential of 5-HIAA as a biomarker for acute appendicitis.
Method: This cross-sectional study enrolled patients referred at the Madani Hospital, with right
iliac fossa pain, suspected to having the acute appendicitis. Before the initiation of the basic
treatment and surgery, urine samples were obtained from the patients. Enzyme-linked immuno-
sorbent assay (ELISA) was used for the analysis of 5-HIAA urinary levels. The obtained data were
statistically analyzed using SPSS v18.
Results: Of 129 patients included in the study with the mean age of 29 years, 62 (48.1%) were men
and 67 (51.9%) were women. Appendectomy was performed in 96 patients, where 81 cases were
that of acute appendicitis. The mean levels of 5-HIAA in acute appendicitis group and in the
negative appendectomy group was not statistically significant. The sensitivity of the test was
54.3% based on 7.4 μmol/L as cut-off %-HIAA value.
Conclusion: Our study reports that 5-HIAA urine concentration is not a reliable diagnostic marker
for the diagnosis of acute appendicitis.
1. Introduction

Acute appendicitis is recognized as the most common cause of severe acute abdominal pain around the world [1]. Non-specific,
poorly localized and variably intense abdominal pain are significant indications for differential diagnosis of acute appendicitis [2].
In general, the prevalence of perforated appendicitis is 25.8% [3]. In children under 5 years of age and in patients over 65, its incidence
is reported as 45% and 51%, respectively [4]. Furthermore, it can also be walled off [5] and generalized peritonitis can occur if the body
fails to encounter the infection [6 and 7]. In cases of appendix perforation, several potentially life-threatening complications such as
sepsis, bacterial peritonitis [8,9], small intestinal obstruction and abdominal abscess formation may occur [10,11]. Advanced bacterial
peritonitis can be caused by untreated perforated appendicitis and has a mortality rate of 80–100% [12,13]. Therefore, advanced studies
are needed to find reliable diagnostic methods for the early diagnosis of acute appendicitis [14]. A system based on clinical observations
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Table 1
Urinary 5-HIAA level in acute appendicitis and negative appendectomy.

Result based on Pathologic report Total

Appendicitis No Appendicitis

HIAA_group (cut-off 7.4 μmol/L) Positive 44 (54.3%) 35 (72.9%) 79 (61.2%)
Negative 37 (45.7%) 13 (27.1%) 50 (38.8%)

Total 81 (100.0%) 48 (100.0%) 129 (100.0%)
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and biochemical analysis is used for the diagnosis of appendicitis [15]. Nonetheless, non-classical signs and symptoms are commonly
reported as well. Imagingmodalities are either associatedwith unnecessary radiation exposure or low specificity and sensitivity [16,17].

Serotonin-containing enterochromaffin cells are densely located in appendix. 5-Hydroxyindole acetic acid (5-HIAA) is the chief
metabolite of serotonin and its increased urinary levels are known to be associated with appendicitis [16,18,19]. Animal models of
appendicitis have also revealed significant elevation in urinary 5-HIAA levels, as compared to the controls [13].

Considering the importance of acute appendicitis and its high prevalence in the population, the aim of this study is to evaluate the
urinary levels of 5-hydroxy-indoleacetic acid and determine its significance as a diagnostic marker.

2. Methods

This was a cross-sectional study conducted at the emergency department of Shahid Madani Hospital in Karaj, Tehran. All the patients
with the complaint of right iliac fossa pain, suspected of acute appendicitis were included in the study. Patients under the medications
that influence serotonin levels (serotonin and norepinephrine reuptake inhibitors, antidepressants, monoamine oxidase inhibitors and
lithium) were excluded from the study.

After obtaining written consent to participate in the study, the patients received initial treatment, prior to which urine samples were
Fig. 1. Surface area under the ROC curve in 129 patients.

2



Fig. 2. Area below the ROC curve in 110 patients.
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obtained at the time of admission, preoperatively. Acidification of urine samples was achieved and ELISA (enzyme-linked immuno-
sorbent assay) was performed for 5-HIAA [16]. The diagnosis of acute appendicitis was based on the intraoperative findings and
associated histopathological outcomes. Medical information of the patients was retrieved from the hospital records that included age,
gender, medical history, drug history, symptoms, complains and surgical outcomes. The data were analyzed using SPSS v18. The
sensitivity, specificity and value of positive and negative predictive values were evaluated for 5-HIAA test. Chi-square, t-test and ANOVA
and its nonparametric equivalents were used for comparative analysis. P-value<0.05 was considered to be statistically significant. This
study was approved by the Research Ethics Board of Alborz University of Medical Sciences (IR.ABZUMS.REC.1397.222).

3. Results

Of 129 patients included in the study, 62 (48.1%) were men and 67 (51.9%) were women. The mean age of patients was 29 years
(6–85 years). 110 patients underwent surgery, where, appendectomy was performed in 96 patients. Other surgical procedures included
1 liver surgery, 2 ovarian surgery, 5 cholecystectomies, 3 Herniot Ruffy, 2 colonic surgery and 1 case of varicocele.

Of the 96 patients who underwent appendectomy, based on the pathological findings, 81 cases were reported to be that of acute
appendicitis and 15 cases were of negative appendectomy. The rate of negative appendectomy was 15.6% in this study.

At the time of admission, the mean levels of urinary 5-HIAA in the acute appendicitis group were 7.27 μmol/L and in the negative
appendectomy group was 9.27 μmol/L, which was not statistically significant (Table 1). Based on the calculation and considering the
cut-off point of urinary 5-HIAA as 7.4 μmol/L according to the test procedure, the sensitivity, positive predictive value and negative
predictive value were 54.3% (CI 73.64%: 96.43%), 27.1% (99/40-CI: 16/56% 96 of 55.7% (CI: 14.44%, 74.44%) and 26% (CI-55.33%:
15/87% 95), respectively. The ROC curve of 129 patients who were included in the study, among which 110 patients who underwent
the surgery and 96 patients who underwent appendectomy, was calculated which showed that the ability to predict appendicitis by the
means of urinary 5-HIAA might not be acceptable (Figs. 1–3).
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Fig. 3. Area below the ROC curve in 96 patients.
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4. Discussion

Correct and early diagnosis is the main goal in the treatment of acute appendicitis. Laboratory tests like leukocyte count, neutrophils
[20,21], CRP (c-reactive protein), IL6 (interleukin-6), phospholipase A2, and other inflammatory mediators seem to have relatively low
sensitivity and specificity in the differential diagnosis of appendicitis [22,23]. Clinical examination, if used with other diagnostic
modalities, could be the most effective tool for the diagnosis of acute appendicitis [24,25].

Studies have recently been conducted on the urinary levels of 5-HIAA for the diagnosis of acute appendicitis [26]. Based on the
findings from our study, urinary 5-HIAA cannot be used as a diagnostic predictor for acute appendicitis. We did not report any significant
difference in the levels of 5-HIAA in patients presenting acute appendicitis and other pathological conditions.

Rordam et al. stated that in cases of acute appendicitis, serotonin secretion from appendicular enterochromaffin cells was increased,
which has also been reported in animal models. Various studies have confirmed these findings, nonetheless, a vast amount of dis-
crepancies are reported in this regards [27,28]. In this study, 5-HIAA levels were found to be lower in urine samples in patients with
acute appendicitis. If we consider the cutoff point as 7.4 μmol/L for 5-HIAA, the sensitivity of this test is 54.3% and its specificity is
27.1%. Boland-Parvaz et Al report that urinary 5-HIAA levels decrease in adult perforated appendicitis [29].

Furthermore, Rordam et al. stated that plasma serotonin levels has the sensitivity of 45% and specificity of 95% among acute
appendicitis [30]. In a study by IKhanizadeh et al., urinary 5-HIAA had a sensitivity of 98% and specificity 100% in adults, while in the
study by Mihmanli et al. the sensitivity was 22% and the specificity was 93% and urinary 5-HIAA was concluded to be inaccurate for the
diagnosis of acute appendicitis [31]. Based on the findings of our study, due to high SD and low sensitivity and specificity, this test is not
superior to other routine diagnostic methods. 5-HIAA was measured using HPLC (High-performance liquid chromatography), an easy,
rapid, and practical method, that is also cost-effective as compared to ultrasound and CT scan. The levels of 5-HIAA can alter after
consuming certain types of food and the existence of clinical conditions like carcinoid tumors, acute gastroenteritis, inflammatory bowel
disease, celiac disease, and treatment with aminosalicylate. 5-HIAA does not change in a urine sample throughout the day, and its
amounts are not related to gender. Even considering these factors for the differential diagnosis of this study, the high level of SD suggests
that standardization of this test is not easy for all patients, which reduces the reliability of this test. Our study did not include healthy
4
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control group for the reference range of 5-HIAA and data regarding other biochemical parameters (blood leukocyte and neutrophils
count, c-reactive protein, interleukin-6) are also not evaluated.

5. Conclusion

Urinary 5-HIAA is reduced in acute appendicitis, but challenges associatedwith the standardization of this parameter limit its clinical
use. Further studies on the sensitivity and specificity of this test in different populations are required with a larger sample size.
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