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Ozet

Abstract

Bu calismanin amaci, laboratuar test sonuglarinda oncelikli
degisiklikleri degerlendirmek ve bunlarin akut apandisit hastalarinda
rUptir riskini nasil degistirdigini degerlendirmektir. Buna ek olarak,
olasi bir erken teshis saglamak icin, bu sirecin gelisimini analiz
etmek amaclanmistir. Bu galismaya genel cerrahi kliniginde acil
apendektomi uygulanan 110 (58 bayan ve 52 erkek) hasta alinmistir.
Hastalarin serum Ca, P ve CRP diizeyleri WBC ile birlikte olgildi.
GCalismaya alinan hastalar perfore (n=30) ve perfore olmamis (n=80)
olarak iki gruba ayrildi. Preoperatif P diizeyi perfore olmamis
grupta (2.66+0.58 mg/dl) perfore gruba (2.95+0.46 mg/dl) gére daha
dislik saptandi ve istatiksel olarak her iki grup arasinda fark vardi
(p=0.024). Ameliyat 6ncesi ve sonrasi donemlerde perfore olmayan
gruptaki I6kosit sayimi ve CRP diizeylerinde anlamli disisler vardi.
Ayrica, operasyon oncesi ve sonrasi donemlerde perfore grubunda
|6kosit sayimi ile birlikte P ve CRP dizeylerinde istatistiksel olarak
anlamli degisiklikler vardi. Operasyon 6ncesi ve sonrasi dénemlerde
olusan P diizey degisikligi perfore grubta istatiksel olarak daha
belirgin olarak saptandi (p=0.045). P seviyelerindeki artis tek basina
akut apandisit tanisi koymak igin yeterli degildir. Ancak, serum P
diizeyleri perfore apandisitin erken tanisi igin 6ngéri saglar.

Anahtar kelimeler: Akut apandisit, kalsiyum, fosfat, tani

The aim of this study was to evaluate the primary changes in
laboratory test results and assess how this alters the risk of rupture
for patients with acute appendicitis. In addition, we sought to analyze
the evolution of this process in order to provide a possible early
diagnosis. This study was comprised of 110 patients (58 females and
52 males) who underwent emergency appendectomies at the general
surgery clinic. Serum calcium (Ca), phosphate (P) and C-reactive
protein (CRP) levels of the patients were measured along with the
white blood cell (WBC) count. The prospektif study participants were
placed into the perforated (n=30) or non-perforated (n=80) group.
The preoperative P value in the non-perforated group was lower (2.66
+ 0.58 mg/dl) than the perforated group (2.95 + 0.46 mg/dl), and this
was statistically significant (p=0.024). While there were no significant
changes in the Ca and P levels in the non-perforated group in the
pre- and postoperative periods, there were significant decreases in
the WBC count and CRP levels. Furthermore, there were statistically
significant changes in the P and CRP levels along with the WBC
count in the perforated group, but the changes in the Ca levels did
not reach significant levels in either the pre- or postoperative periods.
With regard to the changes in laboratory values versus those during
surgery, the P levels in the perforated group were significantly higher
(p=0.045). An increase in P levels alone is not sufficient to make the
diagnosis of acute appendicitis. Nevertheless, serum P levels are
valuable for the early diagnosis of perforated appendicitis.
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INTRODUCTION

Acute appendicitis is one of the most common causes of acute
abdomen. Clinical examinations are still of primary importance in order
to obtain an accurate diagnosis, and surgery remains the treatment of
choice. The decision to operate on patients suspected of having acute
appendicitis is based mainly on the patient's medical history and the
physical examination findings, even though there seldom is a typical
clinical presentation of this disease. Therefore, diagnostic errors are
commonplace. In addition, one of the risk factors for a ruptured appendix
is the prolonged period of time between symptom onset and treatment,
but there is not much definitive knowledge regarding this subject (1). In

cases with an uncertain diagnosis, delaying the surgery and performing
repeated assessments are commonly practiced to achieve a more
precise diagnosis. In reality, all of these factors may contribute to the
diagnostic or therapeutic delays in the management of acute appendicitis.
In fact, a delay in treatment is regarded as the main cause of perforation
and other complications, but there is controversy regarding whether
pre- or post-admission delays are more responsible. Fortunately, death
due to acute appendicitis is now rare, with the mortality rate ranging
from 0-2.4% (2). Nevertheless, the failure to diagnose this condition
in the early stages is still a leading cause of increased perforation
and associated complications (complication rate 3.4-33%) (3). When
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preoperative diagnostic difficulties occur, the percentage of incorrect
diagnoses can reach 20% in the general population (4). In laboratory
investigations involving the white blood cell (WBC) count, differential
counts (the percentage of neutrophil granulocytes and band neutrophil
granulocytes), and C-reactive protein (CRP) levels, It is believed that
the accuracy of the clinical diagnosis of acute appendicitis between 76
and 92% (5). However, this computed tomography (CT) and ultrasound
scans, negative appendectomy rate has declined, but remained higher
perforation rate (22-62%) (6). Thus far, many inflammatory markers
have been used in the diagnosis of acute surgical conditions, including
acute appendicitis, but the most frequently performed laboratory tests
involve the leukocytes and CRP (7). However, the effects that pre- and
postoperative changes have on serum calcium (Ca) and phosphorus (P)
levels are not known.

The primary objective of this study was to evaluate the primary
changes in laboratory test results and assess how this alters the risk
of rupture for patients with acute appendicitis. In addition, we sought to
analyze the evolution of this process in order to provide a possible early
diagnosis.

MATERIAL and METHODS

The prospektif study was approved by the ethics and research
committee of the hospital, and the patients’ written consent was obtained.
This study was made up of 110 patients (58 females and 52 males) between
the ages of 16 and 65 who underwent emergency appendectomies
at the general surgery clinic. The patients were divided into either a
perforated group (n:30) or a non-perforated group (n:80). During this
period of time, 137 patients had emergency appendectomies, but 27 did
not meet our inclusion criteria because they had either undergone an
interval appendectomy, were under the age of 16 or over the age of
65, had diabetes or a malignant disease, or had a suppressed immune
system and antibiotic usage. The patients were first evaluated by an
emergency resident. In cases in which appendicitis was suspected, they
were then evaluated by a general surgeon in the emergency ward. The
patients’ clinical data and physical examination results along with their
laboratory and imaging findings were the mainstays of the evaluation
process. The patients who were diagnosed with acute appendicitis and
those who underwent clinical observation were included in this study,
and their symptoms at onset and their CRP, Ca, and P levels along
with their WBC counts were recorded as well as the beginning and end
times of the operation. In addition, all of the diagnosis and perforations
were histopathologically comfared blood samples that had been taken
for diagnostic purposes during routine tests upon admission. Thus, no
further blood samples were needed.
Statistical Analysis
The collected data was evaluated using the SPSS version 15 for
Windows software program (SPSS Inc, Chicago, IL, USA). Continuous
data was shown as mean * SD, and categorical data was shown as

Table 1. Pre- and postoperative laboratory findings

Non-perforated Perforated p value
Preop Ca 8.94 +0.70 9.07 £ 0.57 0.125
Preop P 2.66 + 0.58 2.95+ 0.46 0.024
Postop Ca 8.64 + 0.67 8.85 + 0.53 0.123
Postop P 2.55+0.81 2.46 + 0.76 0.592
Preop WBC 14.44 + 3.80 13.92 + 3.04 0.497
Postop WBC 10.23 + 1.43 10.10 + 1.58 0.686
Preop CRP 23.01 £ 9.84 20.63 £ 9.49 0.257
Postop CRP 15.55 + 6.89 13.93+ 6.18 0.263
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a percentage. Furthermore, the Kolmogrov-Smirnov test was used to
determine normal distribution, and the results were compared using
Student's t-test. The Mann-Whitney U test was used to compare data
which was not normally distributed, and Fisher’s exact test and a chi
square test were used to compare the differences between the rates.
In addition, the degree of association between the continuous variables
was calculated utilizing Pearson’s correlation coefficient, and one-way
analysis of variance (ANOVA) was used for group comparisons. A p
value of <0.05 was considered to be statistically significant.

RESULTS

The number and average age of the patients in perforated and non-
perforated group groups were 30 patients and 32.76 + 12.50 years, and
80 cases and 29.36 + 9.26 years, respectively. When we compared
the two groups with regard to age (p= 0.123), height (p= 0.556), weight
(p= 0.865), and BMI (p= 0.652), we found no statistically significant
differences. In addition, when we compared the pre- and postoperative
Ca and CRP levels and WBC counts in the laboratory findings, we
also did not identify any statistically significant differences. However,
the preoperative P values in the non-perforated group (2.66+0.58
mg/dl) were lower than those in the perforated group (2.95+£0.46 mg/
dl), and this difference was statistically significant (p=0.024) (Table 1).
Moreover, while the pre- and postoperative differences in the Ca and P
levels were not statistically significant in the non-perforated group, there
was a noticeable decrease in the CRP levels and WBC count (Table 2).
Statistically significant decreases were seen in the P and CRP levels
as well as the WBC count in the perforated group (Table 3). (p=0,001,
p<0.001,and p<0.001, respectively). Finally, when we compared the
laboratory values with the operational values in both groups, the changes
in the P values in the perforated group were statistically higher (p=0.045)
(Table 4).

DISCUSSION

Acute appendicitis is the most common cause of community-
acquired intra-abdominal infection and emergency surgery (8), which are
slightly more common in men than women (1.4:1.0)(9). Our study had a
higher ratio of males to females (1.24:1.0).
Diagnosing acute appendicitis in a reliable manner is difficult; hence,
various predictive indicators have been researched to try and make this
process easier. Information is now gathered via clinical examinations,
laboratory studies, radiological imaging, and sometimes even exploratory
surgery. In the laboratory studies, the classis parameters that are most
often used are the WBC count and CRP levels (10). A study, Asfar et al.
show that the sensitivity and specificity of CRP was 86.6% and 93.6%,
respectively, and they concluded that a normal CRP value probably
indicates a normal, non-inflamed appendix (11). In a retrospective
study, Wu et al. (12) determined that the WBC and neutrophil counts in
conjunction with CRP monitoring increased the positive predictive value.

Tablo 2. Pre- and postoperative Ca, P, and CRP
levels along with the WBC count for the non-
perforated group

Preoperative Postoperative p value
Ca 8.94+0.70 8.64+0.67 0.348
P 2.66+0.58 2.55+0.81 0.178
WBC 14.44+3.80 10.23+1.43 <0.001
CRP 23.01+9.84 15.55+6.89 <0.001
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Table 3. Pre- and postoperative Ca, P, and CRP levels

Level of Ca and P in acute appendicitis

Table 4. Comparison of changes in laboratory values

along with the WBC count for the perforated group Non-perforated Perforated p value

Preoperative Postoperative p value Ca 0.30 + 0.63 0.22+0.75 0.619
Ca 9.07 £ 0.57 8.85 + 0.53 0.121 P 0.11 £0.72 0.49 + 0.59 0.045
P 2.95+ 0.46 2.46 £ 0.76 0.001 wBC 4.21 + 4.06 3.31 £ 3.54 0.656
wBC 13.92 + 3.04 10.10 £ 1.58 <0.001 CRP 7.46 + 3.29 6.70 £ 3.57 0.294
CRP 20.63 £ 9.49 13.93 £ 6.18 <0.001

Furthermore, Gronroos et al. (13) found that when both the WBC count
and CRP levels were normal, acute appendicitis was highly unlikely
(13). In our study involving perforated and non-perforated groups,
the WBC count (non-perforated group 14.44+3.80; perforated group
13.9243.04) and CRP (non-perforated group 23.01+9.84; perforated
group 20.63+9.49) levels were higher preoperatively, but there was no
statistically significant difference between the two groups. In addition,
they decreased postoperatively but not a significant level (p=0.263).
Whenever a tissue is subjected to ischemia, a chain reaction begins
that can eventually lead to cellular dysfunction and necrosis. Although
no particular process has been identified that has a relationship to
the ischemia-induced damage of the tissue, most studies have shown
that the consumption of energy reserves and the accumulation of toxic
metabolites contribute to cell death (14). Ischemia is defined as a
significant reduction in blood flow that leads to an insufficient amount of
oxygen and lack of nutrients in various tissues and organs. Differential
diagnosis is very difficult, but early diagnosis and appropriate surgical
intervention can serve to reduce the high morbidity and mortality rates
associated with this condition (15). Serum phosphate levels are believed
to be an early mediator of acute ischemia. In damaged tissue, these
levels increase due to the reduction of P excretion in the kidneys,
impaired clearance of P in the liver, and release of intracellular P into the
circulation (16, 17). The ensuing hyperphosphatemia can then induce
potentially symptomatic hypocalcemia due to Ca-P precipitation in the
tissues (18). In previous studies, bowel necrosis, metabolic acidosis,
and leukocytosis occurred, and the P and leukocyte levels increased
but not at specific rates (19-24). Sawer et al. (23) reported that elevated
serum phosphate levels may be useful in the early diagnosis of bowel
necrosis. In addition, elevated serum P levels have been found to be a
poor prognostic indicator for ischemic bowel disease (24). Furthermore,
Lores et al. (16) reported that they might be an early marker for necrosis
rather than ischemia. In our study, the preoperative serum P levels
were significantly higher in the perforated group, whereas in the non-
perforated group there were no significant changes in the serum Ca and
P levels in the non-perforated group..

An increase in P levels alone is not sufficient to make the diagnosis of
acute appendicitis. Nevertheless, serum P levels are valuable for the
early diagnosis of perforated appendicitis. To our knowledge, this is the
first time that serum phosphate levels have been evaluated in patients
with perforated and non-perforated appendicitis, and our data suggests
that they might be useful in the early diagnosis of this emergency
condition.
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