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ABSTRACT

BACKGROUND: This study aims to investigate the role of thiol/disulfide homeostasis parameters in the diagnosis of acute ap-
pendicitis and to determine whether it is beneficial to use these parameters in combination with the modified Alvarado and RIPASA
scoring systems.

METHODS: This study was prospectively carried out on 265 patients who presented to the emergency department with the com-
plaint of right lower quadrant pain between 01.07.2017 and 31.12.2017, and met the inclusion criteria of this study. Oxidative stress
markers were evaluated on two groups. The relationship between these parameters and the modified Alvarado and RIPASA scoring
systems was analyzed.

RESULTS: The mean levels of disulfide, disulfide/native thiol and disulfide/total thiol were found to be significantly higher in the
appendicitis group (p<0.001). The mean levels of native thiol, total thiol and native thiol/total thiol were significantly lower in the
same group (p<0.001, 0.001 and 0.007, respectively). The mean levels of disulfide, disulfide/native thiol and disulfide/total thiol were
recorded to be significantly higher in the high-risk group according to the results of RIPASA (p=0.016, 0.003 and 0.001, respectively).

CONCLUSION: Thiol/disulfide homeostasis parameters can be used with the modified Alvarado and RIPASA scoring systems in the
diagnosis of acute appendicitis.
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INTRODUCTION

Acute appendicitis is the most common cause in abdominal
pain cases presenting to the emergency department and re-
quiring urgent surgical interventions. Acute appendicitis is a
medical emergency that may progress to a series of compli-
cations, such as peritonitis, or even result in death unless it
is treated.l'? The incidence of acute appendicitis is approx-
imately 6-8% in both western and eastern societies for a

life-long period.’-! Although it is seen only in approximately
10% of the general population, there are certain diagnostic
difficulties, and the negative appendectomy rates may exceed
I15-20% in many centers.*”] Acute appendicitis is an acute
inflammatory condition of the appendiceal tissues that is
characterized by the increased mucosal barrier permeability
and luminal obstruction.®! Microscopic changes in acute ap-
pendicitis may vary from minimal focal inflammation to total
wall necrosis.”)
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The diagnosis of acute appendicitis may be delayed, and com-
plications may occur despite physical examination, labora-
tory tests and imaging methods.l'®!'l Due to the presence of
atypical symptoms, there is a confusion of appendicitis with
urogenital diseases and its similarity with gynecological dis-
eases in the elderly population, children, pregnant women
and female patients.["'Z For these reasons, the researchers
have worked on new parameters, including oxidative stress
markers, to diagnose the afore-said disease more clearly, and
they have improved the diagnostic scoring systems.

Although the pathophysiology of acute appendicitis is gener-
ally known, the factors playing a role in its development are
still being investigated. The probable role of some oxidative
stress markers in the development of inflammation and the
occurrence and diagnosis of acute appendicitis has been in-
vestigated in various studies.”'*'" Thiol/disulfide homeostasis
has a significant place in antioxidant protection, signal trans-
duction and detoxification in addition to the maintenance of
enzyme activities and transcriptional factors and apoptosis.
[31€ Disruptions are seen in these vital cellular functions in
the process of abnormal thiol/disulfide homeostasis. Patholo-
gies are observed in organelles because of the oxidative stress,
which results in imbalances.!'"™] It has been indicated in the lit-
erature that the disruption of thiol/disulfide homeostasis plays
a significant role in the inflammation-causing the diseases.!'”!]

The Modified Alvarado and RIPASA (The Raja Isteri Pengi-
ran Anak Saleha Appendicitis) scorings (Table | and Table 2)
are two important scoring systems used for the diagnosis of
acute appendicitis, and these scoring systems are utilized for
ensuring a rapid and accurate diagnosis.['®]

In this study, we aimed to investigate the role of thiol/disulfide
homeostasis parameters, a current oxidative stress marker, in
the diagnosis of acute appendicitis and the impacts of the
relationship between the oxidative stress and two important
scoring systems on the development and diagnosis of acute
appendicitis.

Table |I. Modified Alvarado scalel'”!

Manifestations Value

Symptoms
Migration of pain |
Anorexia |
Nausea and/or vomiting |
Signs
Right Lower Quadrant tenderness 2
Rebound |
Elevated temperature |
Laboratory values

Leukocytosis 2
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Table 2. RIPASA scorel'”

Parameters Score
Female 0.5
Male 1.0
Age >40 years 0.5
Age <39.9 years 1.0
Right iliac fossa pain 0.5
Migration of pain to right iliac fossa 0.5
Anorexia 1.0
Nausea and vomiting 1.0
Duration of symptoms <48 hours 1.0
Duration of symptoms >48 hours 0.5
Right iliac fossa tenderness 1.0
Guarding 2.0
Rebound tenderness 1.0
Rovsing’s sign 2.0
Fever 1.0
Raised white blood cell 1.0
Negative urine analysis 1.0
Total score 16.5

RIPASA: The Raja Isteri Pengiran Anak Saleha Appendicitis.

MATERIALS AND METHODS

Study Design and Participants

The approval was obtained from the Ethics Committee of
the Faculty of Medicine at Ankara Yildirm Beyazit Univer-
sity in accordance with the latest version of the Declaration
of Helsinki. A prospective study was carried out on 265 pa-
tients who were admitted to the Emergency Department
of Atatiirk Training and Research Hospital affiliated to the
Faculty of Medicine at Ankara Yildirm Beyazit University
with the complaint of right lower quadrant pain between
01.07.2017 and 31.12.2017, and they were followed up with
the pre-diagnosis of acute appendicitis. Out of 265 patients,
97 were diagnosed with acute appendicitis (Group 1), and the
remaining 168 patients were classified as the group without
appendicitis (Group 2).

Acute appendicitis was diagnosed using laboratory tests and
imaging methods, such as ultrasonography and computed to-
mography, as well as the clinical symptoms and physical ex-
amination. Standard study forms were filled with necessary
information about the patients taking part in this study, such
as their age, sex, complaints, medical history, concomitant
system findings and diseases, signs and symptoms at the mo-
ment of admission to the emergency department (abdominal
tenderness-rebound-defense, nausea-vomiting, high fever, loss
of appetite, and location and dissemination of the pain), lab-
oratory findings, imaging results, operation notes about the
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patients undergoing a surgical procedure, and histopathology
results. The patients having a chronic disease, the individuals
using any substance or drug, the ones suffering from any seri-
ous trauma in the recent year and undergoing appendectomy
procedure before, pregnant women and the patients under
the age of 18 were excluded from this study.

Biochemical Analysis

We asked the participants to give venous blood samples for
the measurement of thiol/disulfide homeostasis parameters.
Then, we centrifuged the blood samples of the patients at
1500 rpm for ten minutes, and we separated the plasma and
serum samples. We stored the serum samples at -80°C until
the collection of all samples. In the following phase, we sent
the plasma samples that were analyzed concerning thiol/disul-
fide levels to the biochemical laboratory at Atatiirk Training
and Research Hospital, Ankara, Turkey, subsequent to the
completion of the sample collection process.

The levels of thiol/disulfide homeostasis have been mea-
sured using a one-sided test since 1979;*! however, the new
method developed by Erel and Neselioglu has enabled the
separate and collective measurement of both variables.['*]

The laboratory staff measured the native thiol and total thiol
using a new and fully automatic system, and they calculated
the ratios of disulfide, disulfide/native thiol, disulfide/total
thiol and native thiol/total thiol (ErelNeselioglu).l''! A novel
automated method with an automated analyzer was used for
the performance of serum thiol-disulfide profile tests (Cobas
501, Roche, Mannheim, Germany). The personal information
of the laboratory staff carrying out the measurement analysis
on the plasma thiol/disulfide homeostasis was kept confiden-
tial, and it was not indicated in the patients’ clinical infor-
mation and outcome. The treating physicians, study staff, or
investigators were not informed about the results during the
study period.

Scoring Systems

Modified Alvarado scores of the patients (Table |) were cal-
culated, and the patients were classified as the high-risk group
for 7 or higher scores and the low-risk group for the scores
below 7.2'21 At the same time, the Ripasa scores of the pa-
tients (Table 2) were calculated, and the patients were clas-
sified as the high-risk group for 7.5 or higher scores and the
low-risk group for the scores below 7.5.2231 Thiol, disulfide,
disulfide/native thiol, disulfide/total thiol and native thiol/to-
tal thiol values were evaluated both in group | and group 2
and in the high-risk group and the low-risk group determined
through the Modified Alvarado and Ripasa scores.

Statistical Analysis

The results were given as mean#SD. Univariate statistical
analyses were performed using the chi-square test for cate-
gorical variables and student’s t-test for continuous variables.
P<0.05 was accepted to be statistically significant.

RESULTS

Out of 265 patients included in this study, 60.8% were male
(n=161), and 39.2% were female (n=104). The mean age of
the patients was 32.45+12.19 years. Male population in Group
| was 74.2% (n=72) and female population was 25.8% (n=25).
The mean age of the patients was 32.84%12.75 years. 53% of
Group 2 was represented by the male population (n=89) and
this percentage was 47% for female patients (n=79), and the
mean age of the patients in this group was 32.23x11.89 years.
There was no statistically significant difference between group
| and group 2 concerning age; however, the higher number
of the male patients in group | was found to be significant
(p=0.702, p=0.001, respectively).

When group | was compared with group 2 according to the
Thiol/Disulfide homeostasis parameters, the mean values of
disulfide, disulfide/native thiol and disulfide/total thiol were

Table 3. Comparison of the Group | and Group 2 in concerning Thiol/Disulfide homeostasis
parameters, Ripasa and Modified Alvarado scorings

Group | (n=97) Group 2 (n=168) p
MeantSD MeantSD
Native thiol (pmol/L) 411.89+89.18 449.29161.47 <0.001
Total thiol (umol/L) 464.12 £81.01 495.49+64.46 0.001
Disulfide (umol/L) 29.11£15.32 22.08+10.50 <0.001
Disulfide/native thiol 0.082+0.078 0.050+0.026 <0.001
Disulfide/total thiol 0.065+0.040 0.045+0.022 <0.001
Native thiol/total thiol 0.878+0.092 0.907+0.062 0.007
RIPASA score 10.0242.36 6.93+1.71 <0.001
Modified Alvarado score 6.28+1.40 4.18%1.56 <0.001

RIPASA: The Raja Isteri Pengiran Anak Saleha Appendicitis; SD: Standard deviation.
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determined to be significantly higher in group | (p<0.001), and
the mean values of native thiol, total thiol and native thiol/
total thiol were found to be significantly lower in the same
group (p<0.001, 0.001 and 0.007, respectively). Thiol/Disulfide
homeostasis parameters of both groups are given in Table 3.

When the high-risk group and the low-risk group determined
using Ripasa scoring were compared to each other in ac-
cordance with Thiol/Disulfide homeostasis parameters, the
mean values of disulfide, disulfide/native thiol and disulfide/
total thiol were found to be significantly higher in the high-
risk group (p=0.016, 0.003 and 0.001, respectively) while the
mean values of native thiol and total thiol were detected to
be significantly lower in the same group (p=0.006 and 0.003,
respectively). There was no significant difference between the
groups concerning native thiol/total thiol ratios (p=0.386).
Thiol/Disulfide homeostasis parameters of the high-risk
group and the low-risk group determined through Ripasa
scoring are given in Table 4.

When the high-risk group and the low-risk group determined
through the modified Alvarado scoring were compared to each
other according to Thiol/Disulfide homeostasis parameters, it
was found out that the mean values of native thiol and total

thiol were significantly higher in the low-risk group (p=0.043
and 0.039, respectively). On the other hand, no significant
difference was recorded between two groups concerning
the mean values of disulfide, disulfide/native thiol, disulfide/
total thiol and native thiol/total thiol. Table 5 shows the Thiol/
Disulfide homeostasis parameters of the high risk and low-risk
groups according to the modified Alvarado scoring.

DISCUSSION

Acute appendicitis is the most common cause of abdomi-
nal pain requiring surgical intervention worldwide, and it is a
surgical pathology associated with inflammatory responses.
8241 Clinic history and physical examination are the most im-
portant points in the diagnosis of acute appendicitis. On the
other hand, numerous methods including laboratory tests,
ultrasonography and computed tomography, are used to
diagnose acute appendicitis correctly.®? Despite all these
techniques, the rate of misdiagnosis is considerably high. For
these reasons, the correct diagnosis of acute appendicitis is
regarded as a considerable challenge for physicians in today’s
world. The development of specific tests for the diagnosis
of acute appendicitis and the use of scoring systems, such as
the Modified Alvarado and RIPASA, will not only prevent un-
necessary surgical interventions but also result in a decrease

Table 4. Comparison of thiol/disulfide homeostasis parameters according to RIPASA scoring

High risk (n=144) Low risk (n=121) p
MeanSD MeantSD
Native thiol (pmol/L) 424.18+£79.45 449.18+66.88 0.006
Total thiol (pmol/L) 471.99+73.33 498.32+68.92 0.003
Disulfide (umol/L) 26.36x14.13 22.62+11.01 0.016
Disulfide/native thiol 0.070+0.067 0.051+0.027 0.003
Disulfide/total thiol 0.058+0.036 0.046+0.023 0.001
Native thiol/total thiol 0.893+0.091 0.901+0.052 0.386

RIPASA: The Raja Isteri Pengiran Anak Saleha Appendicitis; SD: Standard deviation.

Table 5. Comparison of thiol/disulfide homeostasis parameters according to the modified

Alvarado scoring

High risk (n=58) Low risk (n=207) p
MeanSD MeantSD
Native thiol (umol/L) 417.15+78.62 440.77+73.17 0.043
Total thiol (umol/L) 465.85+75.58 489.10£70.86 0.039
Disulfide (umol/L) 26.58+13.58 24.11£12.70 0.219
Disulfide/native thiol 0.069+0.053 0.059+0.053 0.214
Disulfide/total thiol 0.059+0.037 0.050£0.029 0.112
Native thiol/total thiol 0.893+0.087 0.898+0.072 0.703

SD: Standard deviation.
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in morbidity and mortality due to the possibility of early di-
agnosis.'*2!l Recently, the researchers have studied on many
markers, such as oxidative stress markers and inflammatory
markers, primarily to improve the diagnosis of acute appen-
dicitis.[81327-2%

Our study has indicated higher incidence rate of acute ap-
pendicitis in male patients in conformity with the literature.
30311 In our study, the number of male patients was recorded
to be higher than the women’s number both in the general
patient population included in this study and in the group
suffering from acute appendicitis. At the same time, the num-
ber of males was higher than females in the group with acute
appendicitis. This medical condition is mostly observed in
young adults, and the peak incidence of the disease is es-
pecially recorded in the second and third decades.’? While
there was no significant relationship between the sex and age
of our patients, the age range was found to be compatible
with the literature.B"3

Yildirim et al.*¥ reported in their study on the verification
of the diagnosis of acute appendicitis that the inflammatory
markers were elevated and that they could be used in the
process. In another study carried out by Ozan et al.* the
inflammation markers were seen to increase in acute appen-
dicitis. Yilmaz et al.’¢ stated that oxidative stress showed
an increase in acute appendicitis. Dumlu et al.”! performed
a study on the oxidative stress markers, including serum and
total thiol levels in the tissues in acute appendicitis by ana-
lyzing the serum and tissue samples, and they demonstrated
that the afore-said levels were different in the patients with
acute appendicitis when compared to the control group. In
the results of the same study, Dumlu et al.”! remarked that
the balance between oxidant and antioxidant defense systems
may influence the pathogenesis of acute appendicitis and that
the changes on the levels of oxidative stress markers may also
play a role in acute appendicitis. It has been indicated in the
literature that an increase in disulfide levels and a decrease in
thiol levels are expected in the event of oxidative stress.['*!>37]

Dumlu et al.P! reported in their study that total thiol levels
were lower in the group with acute appendicitis than the con-
trol group. Similar to the study carried out by Dumlu et al,,
Yilmaz et al.?® also found out that the thiol levels showed a
decrease in the cases of acute appendicitis. In another study
in which thiol/disulfide homeostasis was measured through a
new method developed by Erel and Neselioglu,!'*] Ozyazici et
al.l'"l showed that native thiol, total thiol and native thiol/total
thiol levels were significantly lower in the patient group with
acute appendicitis when compared to the control group and
that the disulfide, disulfide/native thiol and disulfide/total thiol
levels were higher in the same group. In the study performed
by Elmas et al.,*® disulfide levels and disulfide/native thiol and
disulfide/total thiol ratios were found to be higher in the pa-
tients with acute appendicitis while native thiol, total thiol and
native thiol/total thiol levels were lower in the same group.
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In our study, disulfide levels and disulfide/native thiol and
disulfide/total thiol ratios were measured to be higher in the
group with acute appendicitis, which was compatible with the
studies in the literature. Also, other infectious and inflam-
matory conditions may impair thiol-disulphide homeostasis.
Disulfide/native thiol and disulfide/total thiol ratios are high
at these conditions.B?*#!1 Similarly, native thiol and total thiol
levels as well as native thiol/total thiol ratio were found to be
lower in the group with acute appendicitis. In the light of the
results obtained from both our research and previous stud-
ies, it can be said that the oxidative stress and the impairment
of the balance between oxidant and antioxidant systems may
play a role in the pathogenesis of acute appendicitis.

The Alvarado and Modified Alvarado scoring systems, which
are popularly used for the diagnosis of acute appendicitis,
have effective sensitivity and specificity, especially for western
societies.*?*’] The RIPASA scoring has recently emerged as
an important scoring system with more sensitivity, specificity
and diagnostic accuracy than the Alvarado scoring system,
especially for Asian populations.l'? In our study, both the
Alvarado and the RIPASA scores were found to be higher in
the group with acute appendicitis, which is compatible with
the studies in the literature.l'”]

There are a limited number of studies in the literature show-
ing the relationship between the scoring systems and inflam-
matory markers in the diagnosis of acute appendicitis.**=*! In
the study carried out by Zouari et al.,""] it was indicated that
there was no difference between the single-use of Alvarado
score and the combined utilization of Alvarado and CRP
concerning predictive values in the diagnosis of acute appen-
dicitis. Jung et al.*! reported in their study that Appendicitis
Inflammatory Response (AIR) score did not create a signif-
icant difference in the distinction between perforated and
non-perforated appendicitis in elderly patients, but that the
modified AIR score obtained through the combination with
Neutrophile-to lymphocyte count ratio may be significant for
making a distinction between perforated and non-perforated
acute appendicitis risks in elderly patients.

According to our literature review, to our knowledge, there
is no study showing the correlation between thiol/disulfide
homeostasis and the RIPASA and Modified Alvarado scores
used in the diagnosis of acute appendicitis. In our study, the
mean values of disulfide, disulfide/native thiol and disulfide/
total thiol were found to be higher in the patients with a high
risk of acute appendicitis according to RIPASA score, while
the mean values of native thiol and total thiol were calculated
to be lower in the same group. In accordance with the modi-
fied Alvarado score, the mean values of native thiol and total
thiol were found to be higher in the low-risk group. On the
other hand, no difference was recorded between two groups
concerning the mean values of disulfide, disulfide/native thiol,
disulfide/total thiol and native thiol/total thiol. High values of
disulfide, disulfide/native thiol, and disulfide/total thiol in the
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high-risk group determined through RIPASA scoring in the
case of acute appendicitis are one of the most outstanding re-
sults of our study, and we think that the combined use of the
above-mentioned methods may be beneficial for the diagnosis
of acute appendicitis. Similarly, we also believe that the detec-
tion of high mean values of native thiol and total thiol in the
patients with low risk, according to Alvarado scoring, would
be useful concerning the follow-up and discharge process of
the patients.

To our knowledge, our research is the first study in the
literature that has analyzed the scoring systems and thiol/
disulfide homeostasis parameters that are oxidative stress
markers and comparing these two components in the diag-
nosis of acute appendicitis. The measurement of thiol/disul-
fide homeostasis parameters, which are readily available and
cheap oxidative stress indicators, can be used as an effective
biochemical marker in acute appendicitis. Consequently, the
combined use of thiol/disulfide homeostasis parameters and
RIPASA and modified scoring systems may facilitate the diag-
nosis of acute appendicitis.
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AMAC: Bu galisma, akut apandisit tanisinda tiyol/dislilfit homeostaz parametrelerinin roliinli gostermeyi ve bu parametrelerin modifiye Alvarado
ve RIPASA skorlama sistemleriyle birlikte kullanilmasinin yararl olup olmadigini belirlemeyi amaglamaktadir.

GEREC VE YONTEM: Bu calisma, acil servise 01.07.2017 ve 31.12.2017 tarihleri arasinda sag alt kadran agrisi sikayeti ile bagvuran ve galismanin
dahil edilme kriterlerini karsilayan 265 hastada ileriye yonelik olarak gergeklestirildi. Oksidatif stres belirtegleri iki grupta degerlendirildi. Bu paramet-
relerle modifiye Alvarado ve The Raja Isteri Pengiran Anak Saleha Appendicitis (RIPASA) skorlama sistemleri arasindaki iliski analiz edildi.
BULGULAR: Apandisit grubunda ortalama disdilfit, dislilfit/native tiyol ve disllfit/total tiyol seviyeleri anlamli olarak yiiksek bulundu (p<0.001).
Native tiyol, total tiyol ve native tiyol/total tiyol ortalamalari ayni grupta anlamli olarak dustiktii (sirasiyla, p<0.001, 0.001 ve 0.007). Ortalama di-
stilfid, dislfid/native tiyol ve distilfid/total tiyol seviyelerinin RIPASA sonuglarina gore yuksek riskli grupta anlamli olarak ytksek oldugu saptanmistir

(sirasiyla, p=0.016, 0.003 ve 0.001).

TARTISMA: Tiyol/disiilfit homeostaz parametreleri, akut apandisit tanisinda modifiye Alvarado ve RIPASA skorlama sistemleriyle birlikte kullani-

labilir.

Anahtar sozclikler: Akut apandisit; modifiye Alvarado ve RIPASA,; tiyol/distilfit homeostazi.
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