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SUMMARY

Introduction/Objective The objective was to evaluate sonographic and laboratory findings as predic-
tors of complicated and uncomplicated appendicitis in order to decide on further treatment options.
Methods This is a retrospective cohort study of 174 pediatric patients who had laboratory tests and
ultrasound done before appendectomy during a one-year period. Results were compared with the intra-
operative and histopathological findings of complicated (gangrenous or perforated) or uncomplicated
(phlegmonous) appendicitis and assessed by binary logistic regression with backward elimination. The
initial model included eight predictors. After backward elimination four remained: periappendiceal fluid,
hyperechoic periappendiceal fat, white blood cell (WBC) count and C-reactive protein (CRP). The final
model included the interaction between periappendiceal fluid and hyperechoic periappendiceal fat.
Diagnostic performance of each parameter was presented with sensitivity and specificity.

Results Out of all patients, 86 had uncomplicated and 88 had complicated appendicitis (37 gangrenous,
and 51 perforated). In the final model three predictors were significantly associated with complicated
appendicitis: interaction between periappendiceal fluid and hyperechoic periappendiceal fat, WBC count
> 11 x 10%1, and CRP > 100 mg/I. Inclusion of interaction between periappendiceal fluid and hyper-
echoic periappendiceal fat excluded them as individual predictors. The maximum outside appendiceal
diameter of more than 6 mm had the highest sensitivity (93.2%), while wall thickness > 3 mm was the
most specific (95.2%).

Conclusion Using periappendiceal fluid and hyperechoic periappendiceal fat as sonographic predictors
and WBC and CRP as laboratory predictors can differentiate uncomplicated from complicated appendicitis
in children and help a physician decide on antibiotic or surgical treatment.
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INTRODUCTION

Appendicitis is the most common cause for
emergency surgery in children. Certain labo-
ratory parameters [white blood cell (WBC)
count, C-reactive protein (CRP), total neutro-
phil count and procalcitonin] have predictive
value, but they are considered nonspecific [1,
2]. Many other nonsurgical and surgical entities
such as mesenteric adenitis, Crohn’s disease,
infectious enterocolitis, epiploic appendagitis,
omental infarction, intussusception, ovarian
torsion, and urolithiasis can cause pain in the
right iliac fossa. Therefore, combining clinical,
laboratory, and imaging findings remains es-
sential for the definitive diagnosis [3].

The interest in the non-operative manage-
ment of appendicitis has grown most likely
due to a growing number of randomized stud-
ies showing postoperative complications and
higher operative treatment costs. Additionally,
when using antibiotics as first-line therapy,
appendectomy can be avoided in significant

number of patients [4-8]. This non-surgical
approach is reserved for patients with uncom-
plicated appendicitis, without signs of gangrene
or perforation, while complicated appendicitis
treated this way leads to higher risk of surgical
complications and subsequent surgery [6, 9].

Because of its noninvasive nature, availabil-
ity, high diagnostic accuracy, lack of radiation
and contrast administration, ultrasonography
is the diagnostic modality of choice in pediatric
patients [10]. Studies have shown that it is a
reliable imaging method for the differentiation
of perforated and non-perforated appendicitis
when relying on highly specific findings such
as periappendiceal fluid and the loss of the
conspicuity of the echogenic submucosal layer
[11, 12, 13].

The aim of our study was to evaluate sono-
graphic and laboratory findings as predictors of
complicated and uncomplicated appendicitis in
order to decide on further treatment options.
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Figure 1. Acute uncomplicated appendicitis in a seven-year-old boy with a one-day history of abdominal pain, vomiting, and diarrhea; axial (a)
and longitudinal (b) grayscale ultrasonography images of the right lower quadrant shows noncompressible 8 mm appendix with wall thicken-

ing and typical target sign

Figure 2. Grayscale axial ultrasonography images of the right lower
quadrant in a five-year-old girl with a one-day history of abdominal
pain shows a 7.4 mm in diameter noncompressible appendix with
hyperechoic periappendiceal fat (bold arrow), wall thickening, and
periappendiceal free fluid (thin arrow); complicated (perforated) ap-
pendicitis was found at appendectomy

METHODS

This is a retrospective cohort study done at a Tertiary Pedi-
atric Institution approved by Institutional Ethics Commit-
tee. This study included 174 patients aged 2-18 years who
had laboratory tests and ultrasound done by a pediatric
radiologist before appendectomy between January 2022
and January 2023.

Patient population

We used our hospital’s information system to review medi-
cal charts of all patients who received an ultrasound ex-
amination before the operation, had appendectomy dur-
ing the same hospital admission as sonography, and had
intraoperatively or histopathologically proven appendicitis.
Patients who had some data missing due to incomplete
data entry or had some alternative diagnosis proven (car-
cinoid), were excluded from the study, so the final number
of the patients was 174.
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Diagnostic protocol

Ultrasonography examinations were performed by one of
the attending radiologists from our department on Sie-
mens Acuson s2000 (Siemens Medical Solutions USA,
Inc., Malvern, PA, USA), using convex and linear trans-
ducers (2-6 mHz and 4-9 mHz). The whole abdomen was
scanned, with special interest for the right lower quadrant.
The grayscale images in long and short axis were made as
well as color Doppler images.

According to the previous studies we reviewed the fol-
lowing sonographic findings in each patient: the maximum
outside diameter, wall thickness, periappendiceal fluid,
periappendiceal hyperechoic fat, lymphadenitis and appen-
dicoliths [12, 13, 14]. The maximum outside diameter was
measured in short axis view and it was considered signifi-
cant when it was 6 mm or more (Figure 1). Wall thickness
was considered significant when measured over 3 mm.
Periappendiceal fluid was diagnosed in direct proximity of
the appendix, while periappendiceal hyperechoic fat was
defined as increased echogenicity of the tissue adjacent
to the appendix (Figure 2). Lymphadenitis was defined
as sonographically detectable lymph nodes. An appendi-
colith was diagnosed when we identified an intraluminal
hyperechogenic focus with an acoustic shadow (Figure
2). Because of the different therapeutic approach for pa-
tients with appendiceal abscess or inflammatory mass, they
were excluded from this study [15]. Laboratory findings
that were used as predictors were white blood cell (WBC)
count over 11 x 10%/1 and C-reactive protein (CRP) over
100 mg/1 [16].

Intraoperative and histopathological findings

Based on the intraoperative findings and histopathologi-
cal findings, appendicitis was classified into three groups:
phlegmonous, gangrenous, and perforated. Phlegmonous
appendicitis was defined by transmural neutrophil infiltra-
tion without gangrene and perforation, gangrenous ap-
pendicitis was characterized by foci of ischemia that cause
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Table 1. Distribution of age, sex, sonographic and laboratory findings

Cveji¢ S. et al.

Parameters Total (n=174) AUA (n = 86) ACA (n=88)
Age 12 (2.5-18) 9.3(2.5-18) 8.9 (4-18)
Male 108 (62%) 54 54
Female 66 (38%) 35 31
Maximum outside diameter (mm) 9.24 +2.53 9.51 +2.58 8.97 +2.54
Wall thickness > 3 mm 14 (8%) 6 (7%) 8 (9%)
Periappendiceal fluid 73 20 53
Periappendiceal hyperechoic fat 117 49 68
Lymphadenitis 76 43 33
Appendicoliths 38 17 21
White blood cell count 15.5+5.26 14.54 £5.22 18.16 £5.38
C-reactive protein level, med (min-max) 41.2(0.3-225) 23.30(0.3-225) 60.90 (2.2-225)

AUA - acute uncomplicated appendicitis; ACA — acute complicated appendicitis

gangrene. Perforation was determined by the presence of a
transmural defect. Phlegmonous appendicitis was consid-
ered to be uncomplicated while gangrenous and perforated
were designated as complicated [17].

Statistical analysis

All statistical analyses were calculated using the Statisti-
cal Package for Social Sciences IBM SPSS Statistics for
Windows, Version 23.0 (IBM Corp., Armonk, NY, USA).
Sonographic findings and laboratory parameters were
compared with intraoperative and histopathological find-
ings of complicated and uncomplicated appendicitis and
assessed by binary logistic regression. A backward variable
elimination was performed to determine a proper model
for the regression analysis. The initial model included eight
predictors: the maximum outside appendiceal diameter,
wall thickness, periappendiceal fluid, hyperechoic periap-
pendiceal fat, lymphadenitis, presence of appendicoliths,
WBC count and CRP level. After backward elimination
only four remained: periappendiceal fluid, hyperechoic
periappendiceal fat, WBC count and CRP level. In the
final step, third model was constructed by including the
interaction between periappendiceal fluid and hyperechoic
periappendiceal fat. In the final model there were three
significant predictors: WBC count, CRP, and interaction
between periappendiceal fluid and hyperechoic periap-
pendiceal fat. The threshold for assessing statistical sig-
nificance was set to 0.05. Diagnostic performance of each
parameter was presented with sensitivity and specificity.

RESULTS

There were 174 patients who met the inclusion criteria, 108
male (62%) and 66 female (38%). The age range was from
two years and six months to 18 years, with a mean age of 12
years. Out of all patients, 86 (49.43%) had histopathologi-
cally proven uncomplicated appendicitis, and 88 (50.57%)
had complicated appendicitis (37 gangrenous (21.3%) and
51 perforated (28.73%)). Mean maximum outside diameter
of appendix was 9.24 mm. Mean age of patients with com-
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plicated appendicitis was 8.9 years and was significantly
younger than the mean age of patients with uncomplicated
appendicitis which was 10.3 years (p < 0.005) (Table 1).

After the binary logistic regression was performed, the
following predictors showed significant correlation with
complicated appendicitis: periappendiceal fluid had odds
ratio (OR) of 4.93 with p < 0.001, hyperechoic periappen-
diceal fat (OR = 2.17, p = 0.047), WBC count > 11 x 10°/1
(OR =3.58, p =0.028), CRP > 100 mg/l (OR = 3.72,
p = 0.003). In the final model, we included interaction
between periappendiceal fluid and hyperechoic periap-
pendiceal fat which showed OR of 8.63 and p < 0.001. In-
clusion of interaction between these two variables excluded
them as individual predictors (Table 2).

Table 2. Binary logistic regression with backward elimination

Finding OR p value
Periappendiceal fluid 493 | <0.001
Hyperechoic periappendiceal fat 217 0.047
WBC count > 11 x 10%1 3.58 0.028
CRP > 100 mg/I 3.72 0.003
Interaction between periappendiceal fluid 8.63 | <0.001
and hyperechoic periappendiceal fat

OR - odds ratio; WBC - white blood cells; CRP - C-reactive protein

The maximum outside appendiceal diameter of more
than 6 mm was the most sensitive parameter of compli-
cated appendicitis (93.2%), but it had a very low specificity
(8.6%). When the diameter threshold was increased (over
6mm), the specificity values were higher, but had a con-
current decrease of sensitivity values. The most specific
(95.2%) sonographic finding for the complicated appen-
dicitis was wall thickness > 3 mm, with a lower sensitivity
(16.6%) (Table 3).

DISCUSSION

Some studies have indicated antibiotic-only treatment for
patients with uncomplicated appendicitis [5-9]. This has
made it necessary to establish clinical, laboratory, and im-
aging findings that would accurately distinguish it from
complicated appendicitis and ensure the complications
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Table 3. Sensitivity and specificity values of sonographic and laboratory findings

for acute complicated appendicitis

tem based on the Alvarado score and diagnosed
complicated appendicitis with sensitivity of 86.1%

Finding Sensitivity | Specificity | PPV | NPV and specificity of 90.4% when patients had a score
(%) (%) (%) (%) .
of 10.5 or higher.
MOD > 6 mm 93.2 8.6 49.7 333 . . . .
. Using the multivariate analysis, we were able
Wall thickness > 3 mm 16.6 95.2 57.1 75 . . .
. , . to conclude that the interaction between periap-
Periappendiceal fluid 61.4 76.8 75 64.7 . . . . .
: : - pendiceal fluid and hyperechoic periappendiceal
Periappendiceal hyperechoic fat 58.1 64.9 77.3 43 L K
— fat on ultrasonography is significantly associated
Lymphadenitis 38.2 50.6 44,7 439 K R Lo
P with complicated appendicitis. These results are
Appendicoliths 24.4 80.9 57.9 50 . ith th dby R 1
WBC count 11 x 10%/1 843 282 | 551 | 631 C?nswtent (vivu the ones p risente FY ;WO eet
CRP level > 100 mg/I 3295 93.1 828 | 595 al. [14] and Carpenter et al. [11]. Furthermore,

MOD - maximum outside diameter; WBC - white blood cells; CRP - C-reactive protein;

PPV - positive predicted value; NPV - negative predicted value

of non-surgical treatment of perforated appendicitis are
avoided. Even though computed tomography (CT) is still
widely used as an imaging modality of choice for appen-
dicitis [18, 19, 20], in our institution fewer than 5% of
patients undergo CT for this diagnosis. As a radiation-free
tool, operated by trained pediatric radiologists, ultraso-
nography is considered a method of choice in evaluating
pediatric patients with suspected appendicitis [21, 22].
Additionally, some publications show poor correlation
between CT reports of appendiceal perforation and in-
traoperative or histopathological findings [23].

In our study all 40 patients that had intraoperative or
histopathological findings of perforation were classified as
complicated appendicitis on ultrasonography. Moreover,
we proved that all the patients that had perforation, had at
least one of the following two ultrasonography parameters,
periappendiceal fluid and hyperechoic periappendiceal fat.
These results show high predictive value of the combina-
tion of these parameters as reported previously [11, 12].
On the other hand, when assessing the reports that were
classified as uncomplicated appendicitis, we found that
43 of them had both of the aforementioned parameters
negative, but only 32 of these patients (74.4%) had the
diagnosis proved histopathologically. These results indicate
that in order to rule out complicated appendicitis, some
other factors should be included in the decision-making
process. Most of the scoring systems, like the Alvarado
score and appendicitis inflammatory response score, were
developed to identify patients with appendicitis, discrimi-
nating it from non-appendicitis [24, 25]. Atema et al. [16]
presented a scoring system based on seven clinical and
ultrasonography features, with a cut-off value of six points,
which showed high sensitivity of 95%, but low specificity
of 45.7%. Diizgiin et al. [26] presented a new scoring sys-
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Ynotpeba ynTpassyKa u nabopaTopmjckux napameTapa y pa3sIMKoBaky
KOMN/AIMKOBAHOT M HEKOMNIMKOBAHOT aneHANLMUTICA KOA feLie

Codwja Lisejunh', MBaHa Jawwh', TujaHa Pagosuh'?, Bnagumnp Pagnosuh?3, Mapko Hukonos?, AHec [lypar?, MonuHa Masuhenh'
'YHuBep3uTeTCcKa fievja knuHrka, Cnyx6a 3a pagronorujy, beorpag, Cpbuja;

2YHneep3uTet y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja;

3YHnBep3uTeTcKa Aevja knuHuka, Cnyx6a 3a gevjy xupyprujy, beorpag, Cpbuja

CAMETAK

YBoa/uwmb Livsb papa je 61o eBanyupati yntpassyyHe U1 na-
6opaTopmjcke Hanase Kao NpeanKTope KOMMIMKOBAHOT 1 He-
KOMMJIMKOBAHOT aneHAULMTICA Y Liniby AOHOLLEHA OfTyKe O
[arbUM Tepanujckum moryhHocTma.

MeTopae Y 0By peTpoCneKTUBHY KOXOPTHY CTYAWjY YK/byYyeHa
cy 174 nepgujatpumjcka 6onecHvKa y nepuogy of roaviHy AaHa,
Kojuma cy ypaheHe nabopatopujcke aHanuse 1 ynTpassyyHm
npernep youum aneHgektomuje. BplueHo je nopebhetbe pesyntata
Ca MHTPaonepaTUBHYIM 1 XMCTONATOMOLIKIM Hana3om KOMMv-
KOBaHOT (raHrPeHO3HOT iy NepGopPaTVBHON) 1 HEKOMMMKO-
BaHor (bnermoHo3Hor) aneHgmumTMCca 1 paheHa je npoueHa
y3 nomoh 6uHapHe NorncTuYKe perpecuje ca enMMmnHaLImjom
yHa3ag. ViHuumjanHm moaen je yKibyurnsao ocam npegukropa.
HakoH envMmnHauuje yHasag, npeocTana cy YyeTmpu: nepura-
NeHAMKynapHa TeYHOCT, XnepexoreHa nepuaneHarKynapHa
macT, 6poj neykoumta u Li-peaktvisHu npotenH (LIPTT). KoHauHn
MOfeN je YK/byunBao 1 HTepakLuujy n3mehy nepraneHamky-
NapHe TEYHOCTY U XUNepexoreHe nepraneHanKynapHe MacTu.
[lnjarHocTnuKa BpeAHOCT CBAKOr NapamMmeTpa NpefCcTaB/beHa je
ceH3uTyBHOWRY 1 cneunduyHowhy.
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PesynTatn Op cBrx 60necHuKa, 86 je Mano HeKOMMIMKOBa-
HY, @ 88 KOMMAVKOBAHN aneHANUMTUC (37 raHFPeHO3HU 1 51
nepdopatrBHM). Y KOHAYHOM MOZeny TPy NpeauKTopa cy buna
3HayajHO NoBe3aHa Ca KOMMINKOBaHUM aneHANLMTUCOM: UH-
TepaKuuja n3mehy nepraneHAnKynapHe TEUHOCTU U XUNePeXo-
reHe nepuaneHamkynapHe mact, 6poj neykouuta > 11 x 10°//
1 LIPM > 100 mg/I. YkibyumBame nHTepakumje namehy nepma-
neHAVKynapHe TEYHOCTU 1 XMMEepPeXoreHe nepraneHanKynap-
He MacTu UX je NCKIbYUMIIO Kao UHAMBUAYaNHe NPeanKTope.
Hajsehy ceH3nTUBHOCT of cBYX NapameTapa (93,2%) nokasao
je cnomalmby gnjametap aneHgmKkea > 6 mm, fOkK je Hajcne-
unruHmjn napametap (95,2%) 6vna gebrwuHa 3uga > 3 mm.
3akspyuak Kopuwhere nepuaneHanKynapHe TeYHOCTU 1 X1~
nepexoreHe nepuaneHANKyNapHe MacTyi Kao ynTpasByYHNX
npeavkTopa, 1 6poja neykoumta u LIPI kao nabopatopujckix
NpeauKkTopa, MoXe fa pasnunKyje HeKOMMANKOBaHW Off KOM-
NAVKOBaHOT aneHANLMTIICA KO feLle U MOMOTHe KHMYapy fa
04J1yuu 0 Tepanuiju aHTMOMOTULIIMA U XUPYPLIKOM TPETMaHY.
KmbyuHe peun: yntpasByk; 1abopaTopujcki napameTpu; KOM-
NAMKOBaHW aneHANLNTIC; HEKOMMIMKOBAHY aneHanLUTUG;
Jeua
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