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ABSTRACT

BACKGROUND: Acute appendicitis is a common cause of acute abdominal pain necessitating surgical intervention. While the tradi-
tional treatment has been urgent appendectomy, recent studies suggest that an antibiotics-first approach can be safe for uncomplicated
cases. Classifying appendicitis into uncomplicated and complicated categories is crucial for guiding treatment decisions and predicting
patient outcomes. This study aims to evaluate the distinct imaging findings associated with uncomplicated appendicitis and its compli-
cated subtypes-phlegmonous, gangrenous, and perforated appendicitis—to aid in differential diagnosis.

METHODS: This retrospective observational study was conducted from January 2014 to December 2023 and included 1,250 pa-
tients (492 women, 758 men) who underwent an appendectomy with available pathology results. After excluding 56 patients with
normal pathology, 52 with non-appendicitis pathologies, and 48 with inaccessible computed tomography (CT) images, 1,094 patients
were analyzed. CT images were evaluated for appendiceal diameter; wall thickness, cecal wall thickness, periappendiceal fat stranding,
effusion, lymphadenopathy, intraluminal and free periappendiceal air, mucosal hyperenhancement, and the presence of appendicolith.

RESULTS: The diameter of the appendix, along with the presence of periappendiceal air, effusion, and intraluminal appendicolith,
were significantly higher in the perforated appendicitis group compared to other groups (p<0.05). Periappendiceal fat stranding,
evaluated as a binary variable, did not show significant differences among the groups. Appendiceal wall thickness was higher in the
perforated group and lower in the non-perforated gangrenous group compared to the uncomplicated group (p<0.05). No significant
correlation was found for mucosal hyperenhancement between the appendicitis subgroups. Intraluminal air, though normal in a healthy
appendix, was a specific predictor of complicated appendicitis when combined with other findings.

CONCLUSION: This study provides a detailed analysis of distinct imaging findings associated with uncomplicated and complicated
appendicitis. Key differentiators such as appendiceal diameter, periappendiceal air, effusion, and intraluminal appendicolith are crucial
for accurate diagnosis. The findings highlight the importance of these parameters in distinguishing various types of appendicitis, offering
valuable insights for clinical practice. Future prospective studies and advanced imaging techniques are needed to validate these findings
and enhance the diagnosis and management of acute appendicitis and its complications.
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INTRODUCTION

Acute appendicitis is one of the most common causes of
acute abdominal pain that necessitates surgical intervention.
1 Historically, the standard treatment for acute appendicitis
has been an urgent appendectomy to prevent complications.
However, recent systematic reviews have concluded that an
antibiotics-first approach can safely be used in the majority
of cases of uncomplicated appendicitis.”) Furthermore, stud-
ies have demonstrated that treating patients diagnosed with a
periappendiceal abscess at the time of diagnosis with antibi-
otic therapy and optional percutaneous drainage, rather than
emergency surgery, significantly reduces surgical complica-
tions.! Nonetheless, the decision to perform elective surgery
on these patients remains a topic of debate.!

Building on this knowledge, the classification of acute appendi-
citis has gained a crucial role in understanding its pathophysi-
ology and in guiding the management plan according to the
specific type and severity of the condition. This classification
not only aids in diagnosing the exact nature of the appendicitis
but also helps predict potential complications and outcomes.
Acute uncomplicated appendicitis is defined as transmural
inflammation of the appendix vermiformis, without signs of
gangrene, perforation, phlegmon, or abscess. The European
Association of Endoscopic Surgery (EAES) defines complicat-
ed appendicitis as gangrenous appendicitis with or without ac-
companying perforation, contained periappendiceal phlegmon,
or periappendiceal abscess formation.[!

Recently, it has been proposed that complications of acute
appendicitis may have different prognoses and should be clas-
sified separately to facilitate more personalized diagnosis and
treatment guidance.”) Hoffmann et al. have proposed a new
classification for complicated acute appendicitis as a) phleg-
monous appendicitis, b) gangrenous appendicitis without per-
foration, and c) appendicitis with free perforation.l’!

Computed tomography (CT) has become essential in evaluat-
ing patients with suspected appendicitis due to its high sensi-
tivity and specificity. However, due to the radiation exposure
associated with CT, the CT-first approach is being questioned,
and ultrasound (US) imaging is usually the first step in diagno-
sis, especially in the pediatric population.®

Numerous studies have investigated the radiological findings
that differentiate between complicated and uncomplicated
appendicitis. However, there is a lack of research specifically
distinguishing between different complications of appendicitis.
This study aims to evaluate the distinct imaging findings of
uncomplicated appendicitis and its various complications and
to discuss their differential diagnosis.

MATERIALS AND METHODS
Study Design

This retrospective observational study was conducted from
January 2014 to December 2023. Ethics committee approv-
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al was received on December |, 2023 (Approval Number:
831892).

Study Population

A total of 1,250 patients (492 women, 758 men) who under-
went appendectomy and had pathology results available were
included in the study. Among these, 56 patients with nor-
mal pathologies and 52 patients with pathologies other than
acute appendicitis were excluded. Additionally, 48 patients
who were diagnosed solely with ultrasound and did not have
accessible CT images in the Picture Archiving and Commu-
nication System (PACS) were excluded. Thus, 1,094 patients
(472 women, 622 men) were included in the final analysis.

Imaging Protocols

All abdominal images were obtained using one of two CT scan-
ners equipped with 128 detectors: the SOMATOM Definition
AS (Siemens Healthcare, Forchheim, Germany) or the Revolu-
tion HD (General Electric Systems, Waukesha, WI, USA). The
CT scan parameters for the abdominal imaging protocol in-
cluded a tube voltage of 100 kV, a current of 200 mA, a matrix
size of 512 x 512, and a slice thickness of 1.25 mm.

Classification and Image Evaluation

Patients were classified according to the pathological findings
as having uncomplicated appendicitis, phlegmonous appendi-
citis, gangrenous appendicitis, or perforated appendicitis. The
radiological findings investigated on the CT images included:

» Appendiceal diameter: the greatest diameter including walls.
* Appendiceal wall thickness.

* Cecal wall thickness.

* Presence of periappendiceal fat stranding.

* Presence of periappendiceal fluid collection.

* Presence of lymphadenopathy: Lymph nodes with a short
axis greater than 5 mm were considered significant.

* Presence of air in the appendix lumen.

* Presence of free periappendiceal air.

* Mucosal hyperenhancement of the appendix: Compared to
the bowel mucosa.

* Presence of an appendicolith within the lumen.

All CT scans were retrospectively evaluated via the PACS sys-
tem by two radiologists (R.H. and E.Y.0.) in consensus who
were blinded to the patient’s clinical information. In the event
of a discrepancy, one of the board-certified radiologists (S.S.
or O.T.), with 7 and |8 years of experience in abdominal im-
aging respectively, was consulted.

Statistical Analysis

Descriptive statistics of the data included mean, standard
deviation, median, minimum, maximum, frequency, and per-
centage values. The distribution of variables was assessed us-
ing the Kolmogorov-Smirnov test and the Shapiro-Wilk test.
For the analysis of quantitative independent variables that did
not follow a normal distribution, the Kruskal-Wallis test and
the Mann-Whitney U test were employed. For the analysis
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of qualitative independent variables, the Chi-square test was
used, and when the conditions for the Chi-square test were
not met, Fisher's exact test was utilized.

Software Program: All analyses were performed using the
SPSS 28.0 software (IBM SPSS Statistics for Windows, Ver-
sion 28.0, Armonk, NY, USA: IBM Corp.).

RESULTS

Descriptive Statistics

The age of the patients ranged from | to 96 years, with a
median age of 27.0 years and a mean age of 29.8+16.9 years.

Pathological Findings

Among the different types of appendicitis, perforated appen-
dicitis was identified in 8.8% of cases (96 patients), phlegmon-
ous appendicitis in 39.9% (436 patients), gangrenous appendi-

Simsek et al. Imaging in uncomplicated vs. Complicated appendicitis

citis in 24.9% (272 patients), and uncomplicated appendicitis
in 26.5% (290 patients).

CT Findings

The appendiceal wall thickness varied from [.3 mm to 17.3
mm, with a median thickness of 3. mm and a mean thick-
ness of 3.3x1.3 mm. The cecal wall thickness ranged from
0.9 mm to 6.6 mm, with a median thickness of 1.8 mm and a
mean thickness of 2.0+0.7 mm. The diameter of the appendix
ranged from 4.8 mm to 37.2 mm, with a median diameter of
10.5 mm and a mean diameter of |1.1£3.4 mm (Table I).

The appendiceal wall thickness was higher (p<0.05) in the
perforated appendicitis group (median value 3.23 mm) than
in the uncomplicated appendicitis group (median value 2.90
mm) (Fig. I).

The cecal wall thickness was significantly higher (p<0.05) in
the perforated and phlegmonous appendicitis groups com-

Table I. Radiological features of appendicitis subtypes
Perforated Phlegmonous Gangrenous Uncomplicated p

Appendiceal WT

MeanxSD 3.43x1.11 3.19+1.06 3.21x0.91 3.24x1.89 0.010¢

Median 3.23 3.09 3.14 2.90
Cecal WT

MeanxSD 2.09+0.66 1.97+0.62 2.01+0.76 1.89+0.53 0.039¢

Median 1.91 1.84 1.84 1.78
Appendiceal diameter

MeanxSD 12.0£3.1 11.2£3.5 11.1£2.9 10.6%3.3 0.002¢

Median 1.2 10.5 10.5 10.1
LN Short Axis
<5 mm

n-% 35 36.5 168 38.5 108 39.7 130 44.8 0.300*
25 mm

n-% 61 63.5 268 61.5 164 60.3 160 55.2
Periappendiceal Fat Stranding

n-% 86 89.6 389 89.2 246 904 246 84.8 0.163¢
Periappendiceal Fluid Collection

n-% 72 75.0 273 62.6 166 61.0 158 54.5 0.004*
Air in Appendix Lumen

n-% 31 323 98 22.5 75 27.6 56 193 0.022¢
Free Periappendiceal Air

n-% 25 26.0 1.8 35 129 0 0 0.000*
Mucosal Hyperenhancement

n-% 18 188 109 25.0 58 213 56 19.3 0.244¢
Appendicolith

n-% 32 333 18.6 51 188 57 197 0.010¢

KKruskal-Wallis (Mann-Whitney U test)/ *’Chi-square test (Fisher’s exact test); WT: Wall Thickness; LN: Lymph Node; SD: Standard Deviation; n: Number.
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Figure 1. Perforated appendicitis. Note the periappendiceal effu-
sion (a) and increased appendix wall thickness (b).

pared to the uncomplicated appendicitis group. There was no
significant difference (p>0.05) in cecal wall thickness between
the perforated, phlegmonous, and gangrenous appendicitis
groups, or between the gangrenous, phlegmonous, and un-
complicated appendicitis groups.

The diameter of the appendix in the perforated appendici-
tis group was significantly higher (p<0.05) than in the phleg-
monous, gangrenous, and uncomplicated appendicitis groups.
There was no significant difference (p>0.05) in appendix di-
ameter between the phlegmonous, gangrenous, and uncom-
plicated appendicitis groups, or between the gangrenous and
uncomplicated appendicitis groups.

The rate of periappendiceal effusion in the perforated ap-

pendicitis group was significantly higher (p<0.05) than in the
phlegmonous, gangrenous, and uncomplicated appendicitis
groups (Fig. 1). The rate of periappendiceal effusion in the
phlegmonous appendicitis group was also significantly higher
(p<0.05) than in the uncomplicated appendicitis group. There
was no significant difference (p>0.05) in the periappendiceal
effusion rate between the gangrenous appendicitis group and
the phlegmonous and uncomplicated appendicitis groups.

The presence of air in the appendix lumen was significantly
higher (p<0.05) in the perforated appendicitis group com-
pared to the phlegmonous and uncomplicated appendicitis
groups, and in the gangrenous appendicitis group compared
to the uncomplicated appendicitis group. There was no signif-
icant difference (p>0.05) in the presence of air in the appen-
dix lumen between the perforated and phlegmonous appen-
dicitis groups, or between the phlegmonous and gangrenous
appendicitis groups.

The presence of free periappendiceal air (Fig. 2) was signifi-
cantly higher (p<0.05) in the perforated appendicitis group
compared to the phlegmonous, gangrenous, and uncompli-
cated appendicitis groups. Additionally, the presence of free
periappendiceal air was significantly higher (p<0.05) in the
gangrenous appendicitis group compared to the uncompli-
cated appendicitis group.

Table 2. Radiological features of appendicitis subtypes
Perforated
MeanxSD/n-% Median Min-Max IQR
Appendiceal Wall Thickness (WT) 3411 32 1.3-6.3 2.6-4.0
Cecal WT 2.1+0.7 1.9 1.3-4.5 1.6-2.4
Appendiceal Diameter 12.0+3.1 1.2 6.8-19.6 9.6-14.0
Phlegmonous
Mean*SD/n-% Median Min-Max IQR
Appendiceal WT 3211 3.1 1.3-8.4 2.5-3.6
Cecal WT 2.0+0.6 1.8 1.0-6.6 1.6-2.1
Appendiceal Diameter I1.2+3.5 10.5 0.0-37.2 8.9-12.8
Gangrenous
MeantSD/n-% Median Min-Max IQR
Appendiceal WT 3.2+0.9 3.1 1.3-7.0 2.6-3.6
Cecal WT 2.0+0.8 1.8 0.9-6.0 1.6-2.1
Appendiceal Diameter 11.1£2.9 10.5 6.1-21.4 9.1-12.5
Perforated
MeantSD/n-% Median Min-Max IQR
Appendiceal WT 3.2x1.9 29 1.5-17.3 24-34
Cecal WT 1.9+0.5 1.8 1.0-4.8 1.5-2.0
Appendiceal Diameter 10.6+3.3 10.1 0.0-33.6 8.7-12.2
Ulus Travma Acil Cerrahi Derg, October 2024, Vol. 30, No. 10 725



Figure 2. Perforated appendicitis. Presence of periappendiceal
free air (a) and appendicolith (b).

The presence of an appendicolith (Fig. 2) in the perforated
appendicitis group was significantly higher (p<0.05) than in
the phlegmonous, gangrenous, and uncomplicated appendi-
citis groups. There was no significant difference (p>0.05) in
the presence of an appendicolith between the phlegmonous
appendicitis group and both the gangrenous and uncompli-
cated appendicitis groups, nor between the gangrenous and
uncomplicated appendicitis groups.

There was no significant difference (p>0.05) in the rate of
periappendiceal lymph nodes, periappendiceal fat strand-
ing, and mucosal hyperenhancement among the perforated,
phlegmonous, gangrenous, and uncomplicated appendicitis
groups. Additionally, the minimum-maximum values and the
first quartile-third quartile (Q1-Q3) values are also summa-
rized in Table 2.

DISCUSSION

In this retrospective study of 1,094 patients with acute appen-
dicitis, we evaluated the distinct imaging findings associated
with uncomplicated appendicitis and its complications sepa-
rately. To the best of our knowledge, this is the first study to
discriminate among the subtypes of complications. Previous
studies have shown heterogeneity in defining complicated ap-
pendicitis; somel®!% define complicated appendicitis as gan-
grenous and perforated appendicitis, while others!'""'? include
phlegmonous appendicitis and abscess formation as well.

One of the most important findings of our study was that the
diameter of the appendix and the presence of periappendiceal
air, periappendiceal effusion, and intraluminal appendicolith
were significantly higher in the perforated appendicitis group
compared to all other groups. The presence of periappendi-
ceal air, periappendiceal effusion, and intraluminal appendico-
lith have been proven to be helpful in differentiating between
complicated and uncomplicated appendicitis in many stud-
ies,’®''T and they are the only radiological parameters used in
the Severity Scored Appendicitis CT (SAS-CT) classification
method proposed by Atema et al.l'¥! On the other hand, dif-
ferent studies use varying cutoff values for the diameter of
the appendix, leading to different sensitivity and specificity
values.>!12]

Periappendiceal fat stranding is another parameter we ex-
amined. In the literature, this finding has been shown to be
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significant in distinguishing between complicated and uncom-
plicated appendicitis, especially when classified into three sub-
categories: mild, moderate, and severe. However, the subjec-
tive nature of this classification has been highlighted in several
studies, suggesting variability in its assessment.'”? Lin et al.
have developed a model to specifically standardize this finding
for differentiating complicated and uncomplicated appendici-
tis.' Due to this inherent subjectivity, we chose to evaluate
periappendiceal fat stranding as a binary variable (present or
absent). We believe this approach might have contributed to
our study’s lack of significant results regarding this parameter.
By simplifying the evaluation to a binary outcome, we aimed
to reduce observer variability, though this may have also lim-
ited the sensitivity of detecting nuanced differences in periap-
pendiceal fat stranding among the groups.

Another important finding of our study was that appendiceal
wall thickness was significantly higher in the perforated ap-
pendicitis group and lower in the non-perforated gangrenous
appendicitis group compared to the uncomplicated appen-
dicitis group. Most, if not all, studies group perforated and
non-perforated gangrenous appendicitis cases together, and
a significant difference between these two groups could be
an important radiological marker for differentiation. In their
scoring system, Avanesov et al.l'’! identified appendiceal wall
thinning as a specific finding for complicated appendicitis.

Mucosal hyperenhancement is another parameter included
in some studies.”'"’ However, we did not find a significant
correlation between appendicitis subgroups, possibly due to
different CT protocols or interpretation methods.

Lastly, the presence of intraluminal air is a unique finding. Al-
though intraluminal air is normal in a healthy appendix ver-
miformis,l'!”] it has been found to be a specific predictor of
complicated appendicitis when combined with other findings
in many studies.l'®!"!3]

Our study has several limitations. The first limitation is the
retrospective nature of the study, which inherently poses
challenges to standardization. Prospective studies could more
clearly delineate the pathological correlations of radiological
findings. The second limitation is that we included only pa-
tients who underwent emergency surgery. Patients with ab-
scesses were treated nonoperatively with antibiotic therapy
and elective appendectomy and thus were not included in
our study. The third limitation is the reliance solely on patho-
logical findings without incorporating intraoperative obser-
vations into the classification. Intraoperative findings could
potentially influence the classification and provide additional
insights, particularly in distinguishing between perforated ap-
pendicitis and phlegmonous appendicitis.

CONCLUSION

This study provides a comprehensive evaluation of the dis-
tinct imaging findings associated with uncomplicated appen-
dicitis and its complications, highlighting key differentiators.
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Our findings underscore the importance of these parameters
in distinguishing between various types of appendicitis, of-
fering valuable insights for clinical practice. Future research
should focus on validating these findings through prospective
studies and exploring advanced imaging techniques to further
enhance the diagnosis and management of acute appendicitis
and its complications.
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Komplike ve komplike olmayan akut apandisitin goriintiileme 6zelliklerinin kargilagtirmals
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AMAC: Akut apandisit, cerrahi miidahale gerektiren akut karin agrisinin yaygin bir nedenidir. Geleneksel tedavi acil apendektomi iken, yakin zamanli
calismalar, non-komplike vakalar icin antibiyotiklerle dncelikli tedavi yaklagiminin glivenli olabilecegini 6ne stirmektedir. Apandisit vakalarinin komp-
like ve non-komplike olarak siniflandiriimasi, tedaviyi yonlendirmek ve sonuglari 6ngérmek agisindan kritik neme sahiptir. Bu galismanin amaci,
ayiricl taniya yardimci olmak ve tedaviyi yonlendirmek icin komplike (flegmondz, gangrendz ve perfore) ve non-komplike apandisitin goriintiileme
bulgularini degerlendirmektir.

GEREC VE YONTEM: Bu retrospektif gozlemsel galisma Ocak 2014 ile Aralik 2023 tarihleri arasinda apendektomi yapilan ve patoloji sonuglari
mevcut olan 1250 hastayi (492 kadin, 758 erkek) kapsamaktadir. Normal patolojiye sahip 56 hasta, apandisit disi patolojilere sahip 52 hasta ve eri-
silemeyen BT gorintileri olan 48 hasta dislandiktan sonra, 1094 hasta degerlendirmeye alindi. BT goriintileri, apendiks capi, duvar kalinligi, gekum
duvar kalinligi, periapendikiler yogunluk artisi, eflizyon, lenfadenopati, limen igi ve serbest periapendikiiler hava, mukozal kontrastlanma artigi ve
apendikolit varligi agisindan degerlendirildi.

BULGULAR: Apendiks ¢api, periapendikiiler hava, periapendikiiler efiizyon ve limen ici apendikolit varligi, perfore apandisit grubunda diger grup-
lara kiyasla anlamli olarak daha yiiksekti (p<0.05). Periapendikiiler yogunluk artisi, ikili degisken olarak degerlendirildiginde gruplar arasinda anlamli
fark gostermedi. Apendiks duvar kalinligi, perfore grupta daha yliksek ve non-perfore gangrendz grupta non-komplike gruba gére daha dustikti
(p<0.05). Mukozal kontrastlanma artisi, apandisit alt gruplari arasinda anlamli bir korelasyon gostermedi. Limen ici hava, saglkli bir apendikste
normal bir bulgu olmakla birlikte akut apandisitin diger bulgulari ile kombine edildiginde komplike apandisit igin 6zglil bir belirteg olarak bulundu.
SONUC: Bu calisma, komplike ve non-komplike apandisit ile iligkili belirgin goriintiileme bulgularinin ayrintili bir analizini sunmaktadir. Apendiks capi,
periapendikiler hava, periapendikiler efiizyon ve limen ici apendikolit gibi bulgular ayirici tanida anlamli bulundu. Bulgular, apandisit tirleri arasinda
ayrim yaparken bu parametrelerin 6nemini vurgulamakta ve klinik uygulamalar igin degerli bilgiler sunmaktadir. Akut apandisit ve komplikasyonlari-
nin tani ve yonetimini gelistirmek igin gelecekte prospektif calismalara ve gelismis gortintiileme tekniklerine ihtiyag vardir.

Anahtar sozclikler: Akut apandisit; apandisit komplikasyonlari; bilgisayarli tomografi.
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