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ABSTRACT

BACKGROUND: Early radiological prediction and diagnosis of perforated acute appendicitis remain controversial. In the current 
study, it was aimed to examine the predictive value of multidetector computed tomography (MDCT) findings in perforated acute 
appendicitis. 

METHODS: The patients (n=542) who underwent appendectomy between January 2019 and December 2021 were retrospectively 
evaluated. The patients were divided into two groups as non-perforated appendicitis and perforated appendicitis. Preoperative abdom-
inal MDCT findings, appendix sphericity index (ASI) scores, and laboratory findings were evaluated. 

RESULTS: The sample consisted of 427 cases in the non-perforated group and 115 cases in the perforated group, with a mean age 
of 33.88±12.84 years. The mean time until admission was 2.06±1.43 days. Appendicolith, free fluid, wall defect, abscess, free air, and 
retroperitoneal space (RPS) involvement were all found to be significantly higher in the perforated group (P<0.001). The mean long 
axis, short axis, and ASI values were found to be higher in the perforated group (P<0.001; P=0.004; and P<0.001, respectively). C-reac-
tive protein (CRP) was found to be significantly higher in the perforated group (P=0.008), but the mean white blood count was found 
to be similar between the groups (P=0.613). Among MDCT findings, free fluid, wall defect, abscess, high CRP, long axis, and ASI were 
observed to be predictive values for perforation. According to receiver operating characteristic analysis, ASI had a cut-off value of 1.30, 
a sensitivity of 80.87%, and a specificity of 93.21%. 

CONCLUSION: MDCT findings, namely, appendicolith, free fluid, wall defect, abscess, free air, and RPS involvement are significant 
findings for perforated appendicitis. With a high sensitivity and specificity, the ASI appears to be a key predictive parameter for perfo-
rated acute appendicitis.
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with physical examination and laboratory and radiological 
imaging. Ultrasound (US) is easily used, non-invasive, cheap, 
and does not require the administration of contrast material. 
Multidetector computed tomography (MDCT) is an auxiliary 
and complementary imaging method to US in the diagnosis 
of acute appendicitis. It is advised for patients with acute 
abdominal pain when US results are insufficient, unclear, or 
normal.[2] However, there are still uncertainties regarding the 

  O R I G I N A L  A R T I C L E

INTRODUCTION

Acute appendicitis is an urgent surgical pathology with a high 

prevalence, requiring a quick and accurate diagnosis to ex-

clude perforation. With a lifetime risk of 8.6% for men and 

6.7% for women, it is one of the most frequent causes of 

acute abdominal pain in both adults and children.[1] It is often 

diagnosed based on a patient’s clinical history in conjunction 
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diagnosis of perforated appendicitis.

Identifying perforated or potential perforation cases at the 
first admission will solidify the need for early and rapid surgi-
cal intervention and reduce morbidity and mortality by pre-
venting life-threatening peritonitis and sepsis. Furthermore, 
the early prediction of perforation affects the treatment ap-
proach. There are some options for perforated appendicitis, 
such as laparoscopic or open appendectomy and drainage. 
For non-perforated appendicitis, antibiotic therapy is an al-
ternative to surgery.

Increased appendiceal diameter (>6 mm) and wall thickness 
(>2 mm), periappendicular inflammation, and calcified appen-
dicolith on MDCT are strong pieces of evidence for acute 
appendicitis.[3] Perforated appendicitis can be diagnosed with 
high specificity with the presence of extraluminal free air, 
abscess, appendiceal wall defect, or extraluminal appendico-
lith on CT.[4] In addition to these, less specific findings such 
as periappendiceal phlegmon, ileus, ascites, and appendiceal 
sphericity index (ASI) are reported in the literature.[5,6] On 
the other hand, there are also authors who argue that perfo-
ration cannot be diagnosed by MDCT alone, unless there is 
an abscess or extraluminal gas.[7]

The present study aimed to evaluate the importance of sphe-
ricity index and other CT findings in predicting perforated 
appendicitis.

MATERIALS AND METHODS

Retrospective analysis was performed on the patients (n = 
542) who underwent open or laparoscopic appendectomy 
due to acute appendicitis between January 2019 and De-
cember 2021. Approval was obtained from the local ethics 
committee for the study (approval number: 2020–50). All 
patients with non-perforated or perforated appendicitis over 
the age of 18 years who underwent surgery were included in 
the study. Patients who did not have any preoperative MDCT 
findings, patients who had a negative appendectomy, patients 
who had elective appendectomy after plastron appendicitis, 
patients whose appendiceal lumen could not be evaluated 
by CT, patients with non-contrast CT findings, patients with 
non-optimal CT image quality, patients with >12 h between 
CT imaging and surgery, and patients under 18 years of age 
were excluded from the study.

Two groups of patients were formed: non-perforated and 
perforated. Age, gender, ASA scores, duration of symptoms 
(days), clinical diagnosis, pathological diagnosis, and preoper-
ative abdominal MDCT findings were examined. A radiologist 
with 8 years of experience retrospectively examined each ab-
dominal MDCT image. Without administering oral contrast, 
CT images were collected using an MDCT scanner (Brilliance 
64; Philips Medical Systems, Cleveland, OH). The technical 
parameters of CT were as follows: beam collimation 0.625 

mm; table speed 50.8 mm rotation–1; beam pitch 1.014; ro-
tation time 0.5 s; 140–175 mAs; and voltage 120 kV (peak). 
After beginning an infusion of 120 mL non-ionic contrast ma-
terial through the antecubital vein at a rate of 4 mL s-1, the 
patient underwent a post-contrast scanning of the entire ab-
domen with a delay of 60–70 s. The axial cross-sectional data 
were reconstructed with a thickness of 5 mm and a width of 
2 mm. The second data set was formatted coronally with a 
thickness of 3 mm.

In the evaluation of abdominal CT, appendicolith, appendix 
long and short axis length (mm), sphericity index, wall defect, 
periappendicular free fluid, abscess, intraabdominal free air, 
ileus, and retroperitoneal space (RPS) involvement were ex-
amined. ASI was measured and recorded as described by Şirik 
and İnan[6] Sphericity index was calculated according to the 
long axis/short axis ratio in images on the CT plane perpen-
dicular to the appendix  (Fig. 1 and 2).[6] RPS segments were 
evaluated for signs of inflammation, such as thickening of the 
fascial plane. The histopathological result was considered the 
gold standard for the diagnosis of perforation.

Statistical Analysis

The SPSS software, version 17.0, was used to conduct all 
statistical analyses. Histogram graphics and the Kolmogorov–
Smirnov test were used to examine the conformity of the 
variables to normal distribution. Descriptive analyses were 
presented with mean, median, and standard deviation values. 
The Pearson Chi-squared test was utilized to evaluate cate-
gorical variables. For non-normally distributed data, groups 
of two were compared with the Mann–Whitney-U test. The 
effects of CT findings, white blood count (WBC), and C-reac-
tive protein (CRP) on perforation were examined using Bina-
ry Logistic Regression Analysis. The diagnostic and predictive 
performance of the same data was assessed using receiver 
operating characteristic (ROC) curve analysis. A P <0.05 was 
regarded as statistically significant for all analyses.

Figure 1. Sagittal-oblique multiplanar reconstruction CT images 
to calculate the sphericity index in perforated acute appendicitis 
patients
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RESULTS

In our investigation, 542 patients in total, 427 in the non-per-
forated group, and 115 in the perforated group, were studied. 
The overall mean age of the patients was 33.88±12.84 years, 
with 361 men and 181 women among them (Table 1). The 
mean wait time for admittance was 2.06±1.43 days. The dis-
tribution of ASA scores was similar between the two groups 
(P=0643).

There was a significant increase in appendicolith, free fluid, 
wall defect, abscess, free air, and RPS involvement in the per-
forated group (Table 2). However, there was no significant dif-
ference between the two groups in terms of ileus (P=0.273).

The mean long axis, short axis, and ASI scores were found to 
be higher in the perforated group (Table 2). The mean WBC 
was similar in both groups (P=0.613), while CRP was consid-
erably higher in the perforated group (P=0.008).

The prognostic impact of appendicolith, free fluid, wall de-
fect, abscess, RPS involvement, CRP, and long axis (mm) on 
acute appendicitis perforation was investigated using a binary 
logistic regression analysis. It was observed that free fluid, 
wall defect, abscess, high CRP, and increased long axis on CT 
were predictive for perforation. In the case of free fluid, wall 
defect, and abscess on CT, the probability of perforation in-
creases by 3.4, 4.6, and 5.8 times, respectively. One unit of 
increase in CRP increases the perforation risk by 1.009 times, 
and one unit of increase in the long axis (mm) increases it by 
1.6 times (Table 3).

Table 1. Distribution of groups, demographic data, and clini-
cal characteristics

 N %

Non-perforated group 427 (78.78)

Perforated group 115 (21.22)

Male/female 361/181 (66.61/33.39)
*Age 33.88±12.84 31.00
*ASA score 1.21±0.47 1.00
*Duration of symptoms 2.06±1.43 2.00

at admission (day)

*n is replaced by mean±SD, and % is replaced by median

Table 2. Comparison of MDCT findings and serum WBC and CRP results between groups

 Non-perforated n (%)/ mean±SD Perforated n (%)/ mean±SD P

Appendicolith 94 (22.0) 43 (37.4) 0.001a

Free fluid 100 (23.4) 74 (64.3) <0.001a

Wall defect 23 (5.4) 42 (36.5) <0.001a

Abscess 6 (1.4) 17 (14.8) <0.001a

Extraluminal air 0 6 (5.2) <0.001a

Ileus 22 (5.1) 9 (7.8) 0.273a

RPS 56 (13.1) 52 (45.2) <0.001a

Long axis (mm) 11.18±2.35 14.64±2.35 <0.001b

Short axis (mm) 9.69±2.07 10.19±1.82 0.004b

Appendix Sphericity index (ASI) 1.16±0.09 1.45±0.17 <0.001b

WBC (103/mm3) 14.46±4.27 14.86±4.56 0.613b

CRP (mg/dL) 12.01±30.51 17.57±40.85 0.008b

aChi-squared test; bMann-Whitney U test; MDCT: Multidetector computed tomography; RPS: Retroperitoneal space; WBC: White blood 
count; CRP: C-reactive protein.

Figure 2. Sagittal-oblique multiplanar re-
construction CT images to calculate the 
sphericity index in perforated acute ap-
pendicitis patients
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The predictive effect of ASI on perforation was examined us-
ing ROC analysis (Fig. 3). The cut-off value for ASI was found 
to be 1.30, with a sensitivity of 80.87%, a specificity of 93.21%, 
a positive predictive value of 76.23%, and a negative predictive 
value of 94.76% (Table 4). When the cut-off value of 13.15 
mm was accepted for the long axis, sensitivity and specificity 
were calculated as 76.52% and 80.80%, respectively.

DISCUSSION
The most concerning complication of acute appendicitis is 
perforation. It can result in complications such as general-
ized purulent peritonitis, intra-abdominal abscess, intestinal 
obstruction, and sepsis.[8,9] Perforation rates range from 17% 
to 32% among adults and can lead to a longer hospital stay, 
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Table 3. Logistic regression analysis of CT findings and CRP

 B S.E. Sig. Exp(B) 95% CI for EXP (B)

     Lower Upper

Appendicolith 0.009 0.319 0.976 1.009 0.541 1.885

Free fluid 1.239 0.291 <0.001

3.452 1.953 6.101

Wall defect 1.534 0.380 <0.001 4.637 2.203 9.758

Abscess 1.761 0.675 0.009 5.816 1.549 21.834

RPS 0.505 0.325 0.120 1.657 0.877 3.131

Long axis (mm) 0.515 0.066 <0.001 1.673 1.471 1.903

CRP (mg/dL) 0.009 0.004 0.023 1.009 1.001 1.017

Binary logistic regression; CT: Computed tomography; CRP: C-reactive protein; RPS: Retroperitoneal space.

Figure 3. Receiver operating characteristic curves of sphericity in-
dex, long-axis length, and short-axis length

Table 4. ROC analysis of MDCT and laboratory findings

 AUC (%) P Cut-off Sensitivity (%) Specificity (%) PPD (%) NPD (%)

Long axis (mm) 85.10 <0.001 13.15 76.52 80.80 51.76 92.74

Short axis (mm) 58.60 0.004 9.35 73.04 46.60 26.92 86.52

Appendix Sphericity index (ASI) 93.90 <0.001 1.30 80.87 93.21 76.23 94.76

Appendicolith  0.001  37.39 77.99 31.39 82.22

Free fluid  <0.001  64.35 76.58 42.53 88.86

Wall defect  <0.001  36.52 94.61 64.62 84.70

Abscess  <0.001  14.78 98.59 73.91 81.12

Extraluminal air  <0.001  5.22 100.00 100.00 79.66

Ileus  0.273  7.83 94.85 29.03 79.26

RPS  <0.001  45.22 86.89 48.15 85.48

WBC (103/mm3) 51.50 0.613     

CRP (mg/dL) 58.20 0.008 1.96 67.26 25.85 47.09 83.98

ROC analysis: Receiver operating characteristic; MDCT: Multidetector computed tomography; RPS: Retroperitoneal space; WBC: White blood count; CRP: 
C-reactive protein
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antibiotic administration, more serious postoperative compli-
cations, and higher costs.[8,10]

Despite laboratory tests and advanced imaging techniques, 
the misdiagnosis of perforated acute appendicitis is still a 
common problem (9–20%).[11,12] According to Rao et al., the 
use of CT significantly reduced the rates of negative lapa-
rotomies (from 20% to 7%) and perforations (22–14%).[13] 
Accurate distinction between perforated vs. non-perforated 
appendicitis also benefits the selection process for non-sur-
gical management. Therefore, it is very important to detect 
the presence of perforation in addition to the diagnosis of 
acute appendicitis in radiological imaging. On the other hand, 
guidelines do not explicitly recommend how to distinguish 
between uncomplicated and complicated appendicitis

US is a 75–90% successful imaging method for the diagnosis 
of acute appendicitis.[6] However, severe appendicitis and in-
conclusive ultrasonography are related, according to Pelin et 
al.[14] Echogenic submucosal layering, local fluid in the pericecal 
region, and decrease in roundness are valuable US findings 
in suspicion of perforation.[6] Borushok et al. evaluated a de-
crease in the roundness of the appendix as the ultrasono-
graphic criterion of perforation, with a sensitivity of 59.1% 
and a specificity of 67.9%.[15] The prognostic significance of 
long and short axis measures in the differential diagnosis of 
perforated acute appendicitis, however, was not investigated.
According to a recent meta-analysis, CT offers a high speci-
ficity, but a low sensitivity for differentiating between perfo-
rated and non-perforated appendicitis, including key features 
include extraluminal free air, periappendicular fluid or an ab-
scess, and appendicolith.[5] Although the sensitivity of CT is far 
from perfect, it has a high negative predictive value for com-
plicated appendicitis.[16] According to research by Gaskill et al., 
perforated appendicitis could only be diagnosed with a 68.9% 
specificity and a low sensitivity of 20.9% in the presence of 
appendicolitis.[17] Kim et al. found that highest sensitive finding 
was an appendiceal diameter of ≥11 mm (62.7%) and a focal 
wall defect had the highest specificity (98.8%) for perforation.
[18] In another study involving 48 patients, the presence of 
mesenteric-pericecal lymph nodes and appendiceal wall defect 
were reported to be highly sensitive (88.9% and 88.5%, re-
spectively). Although the findings of extraluminal appendicoli-
tis, abscess, and extraluminal air were of the highest specificity 
(95.2%, 95%, and 95%, respectively).[19] According to Iamwat 
et al., a moderate-to-severe periappendiceal fat stranding and 
a mucosal enhancement on a CT scan can both have indepen-
dent predictive value for complicated appendicitis.[20]

Despite the fact that there are numerous studies on the di-
agnosis of appendicitis by CT in the literature, few of them 
have concentrated on the differential diagnosis of perforated 
versus nonperforated appendicitis. Most studies point to the 
largest diameter of the appendix. Şirik and İnan evaluated ap-
pendix long axis, short axis, and ASI scores in 81 patients and 
found that long axis and ASI were predictive for perforation.

[6] In our study, a larger sample was examined, and it was 
found that long axis and ASI are two effective parameters in 
predicting perforated appendicitis. While Şirik and İnan re-
ported a cut-off value of 1.139 for ASI, the cut-off value for 
ASI was found to be 1.30.[6]

Aydin et al. reported that high leukocyte, neutrophil-to-lym-
phocyte ratio, CRP, and an appendix diameter of >11 mm 
indicate complicated acute appendicitis.[21] According to Kim 
et al., the CRP level had a stronger correlation with CT sever-
ity scores than the WBC count did.[22] Similarly, we observed 
increased CRP to be a predictive factor for perforation, while 
WBC did not have any statistical significance.

The current study had some advantages over previous re-
search on CT findings in perforated appendicitis. The first is 
that we included more patients than all other relevant studies 
in the literature (n=542). Second, as emphasized above, we 
evaluated short- and long-axis lengths and the appendix sphe-
ricity index (ASI) together, and not as a single diameter of the 
appendix. Third, we also investigated RPS involvement on CT 
and biochemical acute phase parameters such as WBC and 
CRP. Moreover, in our study, all CT images were reported by 
a single, experienced radiologist with a retrospective-blinded 
evaluation.

The fact that US was not carried out on the patients at the 
time of admission is one of the study’s shortcomings. The 
time between CT scan and surgery was a maximum of 12 
h for all patients. Still, perforation may develop within 12 h 
after CT, which may have affected the results of our study.

Conclusion
Appendicolith, free fluid, wall defect, abscess, free air, and 
RPS involvement on MDCT are significant findings for per-
forated appendicitis. With its high sensitivity and specificity 
in the diagnosis of perforated acute appendicitis, the ASI is a 
crucial predictive parameter.
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OLGU SUNUMU

Perfore akut apandisitte sferisite indeksi ve diğer multidedektör bilgisayarlı tomografi 
bulgularının prediktif değeri
Dr. Özlem Akıncı
Sancaktepe Şehit Prof. Dr. İlhan Varank Eğitim ve Araştırma Hastanesi, Radyoloji Kliniği, İstanbul

AMAÇ: Perfore akut apandisitin erken radyolojik tahmini ve teşhisi hala tartışmalıdır. Bu çalışmada, multidedektör bilgisayarlı tomografi (MDBT) 
bulgularının perfore akut apandisitte prediktif  değerinin incelenmesi amaçlandı.
GEREÇ VE YÖNTEM: Ocak 2019 – Aralık 2021 arasında apendektomi ameliyatı yapılan hastalar (n=542) retrospektif  olarak değerlendirildi. Has-
talar non-perfore ve perfore olmak üzere iki gruba ayrıldı. Preoperatif  abdominal MDBT bulguları, apendiks sferisite indeksi (ASİ) ve laboratuvar 
bulguları değerlendirildi.
BULGULAR: Non-perfore grupta 427, perfore grupta 115 olgu vardı ve tüm olguların yaş ortalaması 33.88±12.84 idi. Başvuruya kadar geçen 
ortalama süre 2.06±1.43 gündü. Perfore olan grupta apendikolit, serbest sıvı, duvar defekti, apse, serbest hava ve retroperitoneal alan (RPA) 
tutulumu oranı non-perfore gruba göre anlamlı ölçüde daha yüksek bulundu (p<0.001). Perfore grubun ortalama uzun aks, kısa aks, ASİ değerleri 
non-perfore gruba göre daha yüksek bulundu (sırasıyla; p<0.001; p=0.004; p<0.001). Perfore grupta CRP anlamlı ölçüde yüksek iken (p=0.008) 
ortalama WBC her iki grupta benzerdi (p=0.613). MDBT bulgularından serbest sıvı, duvar defekti, apse, CRP yüksekliği, uzun aks ve ASİ’nin perfo-
rasyon için prediktif  değerler olduğu gözlendi. ROC analizi ile ASİ’nin kestirim değeri 1.30, sensitivitesi %80.87, spesifitesi %93.21 idi.
TARTIŞMA: Multidedektör BT bulgularından apendikolit, serbest sıvı, duvar defekti, apse, serbest hava ve RPA tutulumu perfore apandisitte anlamlı 
bulgulardır. Apendiks sferisite indeksi yüksek sensitivite ve spesifisite ile akut apandisit perforasyonunda önemli bir prediktif  parametredir.
Anahtar sözcükler: Apendiks sferisite indeksi; multidedektör BT; perfore akut apendisi. 
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