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Abstract

Background Ultrasound is an accurate tool for diagnosing acute appendicitis. Conservative treatment for uncomplicated acute
appendicitis is feasible and safe in children. However, no sonographic follow-up results from children with nonoperatively
managed acute appendicitis have been reported.

Objective To describe the sonographic appearance of the appendix at follow-up ultrasound and to attempt to identify signs
predictive of recurrent acute appendicitis.

Materials and methods Children diagnosed with uncomplicated acute appendicitis and treated conservatively in our hospital
from 2014 to 2019, and who presented for follow-up ultrasound at 3, 6 and 9 months, were included in our study. Clinical,
laboratory and ultrasound data were recorded.

Results By the end of follow-up, 29 (14.2%) of 204 children in the cohort had developed recurrent acute appendicitis and
175 had recovered uneventfully. On follow-up ultrasound, appendiceal diameter measured > 6 mm in 56/204 (27.5%) cases
at 3 months and in 9/26 (34.5%) at 6 months. After 3 months, 102/204 (50%) children had normal appendiceal diameter
on ultrasound. Appendiceal diameter > 6 mm was associated with intraluminal fluid or sludge in the appendiceal lumen at
3- and 6-month follow-up (P <0.001, P=0.002, respectively). Comparing cases with and without recurrence, at 3-month
follow-up, appendiceal diameter > 6 mm was found in 17/29 (58.6%) cases vs. 39/175 (22.3%), respectively (P <0.001).
Appendiceal diameter returned to normal in 12/19 (63.2%) cases in the nonrecurrent acute appendicitis group compared with
2/7 (28.6%) in the recurrent acute appendicitis group (P=0.05) at the 6-month follow-up. Intraluminal fluid or sludge was
detected more frequently in the recurrent acute appendicitis versus the nonrecurrent acute appendicitis group at 3- (P <0.001)
and 6-month (P=0.001) follow-up.

Conclusion Progressive normalization of appendiceal diameter was noted on follow-up ultrasound. The prevalence of both
appendiceal diameter > 6 mm and intraluminal fluid or sludge were found to be increased in children who later developed
recurrent acute appendicitis. Ultrasound appears to be a useful tool for follow-up in children with conservatively treated
uncomplicated acute appendicitis and possibly might help predict recurrence.
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Introduction

Appendicitis is the most common surgical emergency in
children. Overall, acute appendicitis is diagnosed in 1-8%
of children presenting to the emergency department with
acute abdominal pain [1-4]. For years, appendectomy has
been the treatment of choice. Several studies have evalu-
ated conservative treatment with antibiotics as the first
approach for uncomplicated acute appendicitis in children.
The findings demonstrated that this treatment modality is
safe and feasible for most children, obviating the need for
surgery [5—15].

Additional benefits of conservative treatment include
a potential decrease in complications and decreased costs
[8, 16]. Moreover, parents prefer conservative manage-
ment for their children due to the fear of surgical risks
[8]. Additionally, increased preference for conservative
management for acute appendicitis was reported during
the COVID-19 pandemic [17, 18].

Ultrasound plays a central role in the diagnostic work-
up of children with suspected appendicitis. A stepwise
imaging approach that begins with ultrasound and pro-
ceeds to computed tomography (CT) or magnetic reso-
nance imaging (MRI) in select cases is considered the best
practice [19]. Two meta-analyses of imaging for pediatric
appendicitis reported that ultrasound had a sensitivity of
83% and 89% and a specificity of 94% and 97%, respec-
tively [20, 21]. Sensitivity as high as 97% and specificity
of 95% were reported from ultrasound studies performed
by pediatric radiologists [22, 23].

Information about the usefulness of imaging for follow-
up of patients treated nonoperatively for uncomplicated
acute appendicitis is limited. We found only one study
reporting the use of ultrasound to follow up adults treated
conservatively for uncomplicated acute appendicitis. The
number of patients analyzed in that study was small (19)
and the follow-up period was only 30 days [24].

To the best of our knowledge, ultrasound has not yet
been evaluated for the follow-up of children with acute
appendicitis managed nonoperatively and sonographic
findings after conservative treatment have not been
reported. Furthermore, no consistent, reliable ultrasono-
graphic signs have been described to predict recurrent
acute appendicitis.

The aims of this study were to evaluate the outcomes of
children with an established diagnosis of uncomplicated
acute appendicitis treated nonoperatively with antibiotics,
to describe the sonographic appearance of the appendix
on follow-up ultrasound, to identify ultrasound signs pre-
dictive of recurrent acute appendicitis and to assess the
reliability of ultrasound as a tool for follow-up of these
patients.
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Materials and methods

This cohort study was conducted at a tertiary-care medical
center. It included children who met the following criteria:
admitted to the Pediatric Surgery Department from January
2014 through December 2019, diagnosed with uncomplicated
acute appendicitis, received conservative antibiotic treatment
and underwent follow-up ultrasound. The clinical records and
ultrasound data of these children at presentation and during
follow-up were evaluated. Radiologists (R.S., with 17 years’
experience; R.M., a radiology resident, and M.W., with 30
years’ experience) assessed and recorded the following sono-
graphic features: ultrasound-measured appendiceal diameter
(classified as >6 mm or <6 mm), appendiceal wall thickening
(>3 mm or <3 mm), presence or absence of intraluminal fluid
or sludge, increased echogenicity of periappendiceal fat, peri-
appendiceal free fluid and enlarged mesenteric lymph nodes.
The final diagnosis of uncomplicated acute appendicitis was
made by a pediatric surgeon (Z.S.) with 28 years of experience
based on the clinical, laboratory and ultrasonographic findings.
The inclusion criteria for diagnosing a child with uncompli-
cated acute appendicitis were duration of symptoms <36 h,
Samuel score >7 and an ultrasound appendiceal diameter
6—10 mm. Samuel score [25] is calculated as the sum of: (1)
cough/percussion/hopping tenderness in the right lower quad-
rant of the abdomen, (2) anorexia, (3) pyrexia, (4) nausea/eme-
sis, (5) tenderness over the right iliac fossa, (6) leukocytosis,
(7) polymorphonuclear neutrophilia and (8) migration of pain.
Each of these variables were assigned a score of 1, except for
physical signs (1 and 5), which were scored 2 to obtain a total
of 10 (Online Supplementary Material 1) [25]. Exclusion crite-
ria for conservative management were suspicion of perforated
appendicitis, detection of an appendicolith by ultrasound, two
previous rounds of conservative antibiotic treatment for acute
appendicitis, parental request to operate, appendiceal diam-
eter> 10 mm and symptoms lasting >48 h before admission.
The inclusion and exclusion criteria for conservative antibi-
otic treatment were based on our experience and are similar to
those used in other studies [12, 13, 15]. Parents were informed
of the potential advantages and disadvantages of operative and
conservative management. Parents consented to include their
children in the nonoperative group. Data including clinical
signs and laboratory and ultrasound results were collected
from all patients who underwent conservative antibiotic treat-
ment. All participants visited the outpatient clinic 4-6 weeks
after discharge, with additional follow-up visits every 3 months
during the first year after conservative antibiotic treatment and
then once annually. The 3-month follow-up included medical
history and examination by a pediatric surgeon (Z.S.) as well
as ultrasonography. Verbal informed consent was obtained
from the parents for follow-up ultrasound. The follow-up stud-
ies were performed by an experienced pediatric radiologist
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(R.S.) from the Department of Imaging or under her direct
supervision. The ultrasound studies for the initial diagnosis of
uncomplicated acute appendicitis and recurrent acute appen-
dicitis were performed emergently by department radiologists.
We reviewed these studies and collected clinical, laboratory
and sonographic data.

A Philips Affiniti 70 G machine (Philips Healthcare,
Andover, MA) and a GE Logic S8 machine (GE Healthcare,
Milwaukee, WI) were used.

The appearance of the appendix was considered nor-
mal when it was identified, its diameter was <6 mm, the
thickness of the wall was <3 mm, air was identified in the
appendiceal lumen, no stranding of periappendiceal fat
was detected, and minimal or no fluid was in the abdomi-
nal cavity. In all cases in which the follow-up ultrasound
study was normal or the appendix was not identified, the
children underwent further clinical follow-up only. In all
cases in which the transverse diameter of the appendix
was > 6 mm, surgical evaluation was performed to exclude
acute appendicitis. If acute appendicitis was ruled out,
another follow-up ultrasound was ordered at 6 months, and
depending on the results, further ultrasound studies were
performed every 3 months until the appendix appeared
normal in size on ultrasound or an episode of acute appen-
dicitis recurred. The end of the follow-up was established
as Dec. 31, 2020, with a minimum 1-year clinical follow-
up period for patients diagnosed with uncomplicated acute
appendicitis in December 2019 and 6 years for patients
diagnosed in January 2014.

For patients who did not attend follow-up visits, their
parents were interviewed by telephone. To identify patients
who underwent appendectomy elsewhere during the follow-
up period, we searched the national electronic database that
includes all children who are hospitalized for any reason.
When data extracted from the computerized notes were con-
sidered insufficient, supplemental telephone interviews were
conducted. Clinical follow-up was planned according to the
ultrasound findings.

Failure of conservative antibiotic treatment was defined
as a need for secondary antibiotic treatment or surgical
intervention during follow-up. Recurrent acute appendici-
tis was diagnosed by pediatric surgeons based on clinical,
laboratory and ultrasonographic findings. In cases with
recurrence, the inclusion and exclusion criteria for con-
servative antibiotic treatment were similar to those used at
the initial diagnosis of uncomplicated acute appendicitis.
The parents™ preference for surgery versus conservative
antibiotic treatment was discussed, and the final decision
was made accordingly. Time to recurrence was defined
as the period from the date of first follow-up (3 months
following uncomplicated acute appendicitis) to the date
of recurrence.

Statistical analysis

Data were analyzed with R Version 4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria). Nominal variables
are presented as numbers and percentages; continuous vari-
ables are presented as mean + standard deviation (SD) when
normally distributed or as median and interquartile range
(IQR) when not normally distributed (Shapiro—Wilk test).
Differences between the patient groups with and without
recurrent acute appendicitis were analyzed with the chi-
square test for categorical variables, Student’s ¢-test for para-
metric variables and the Mann-Whitney U test and Welch
t-test for nonparametric variables. To assess multivariate
models, we conducted logistic regressions to predict recur-
rent acute appendicitis by the main demographic, laboratory
and sonographic variables. These regressions produced odds
ratios and 95% confidence intervals [CI]. P-values <0.05
were considered significant.

Results

Among the 835 children treated conservatively for uncompli-
cated acute appendicitis in our hospital, 204 underwent fol-
low-up ultrasound at 3 months and were included in the cohort
analysis (Fig. 1). The remaining 631 children were excluded
from the study due to failed conservative antibiotic treatment
and subsequent appendectomy during hospitalization for the
initial episode of uncomplicated acute appendicitis, recurrent
acute appendicitis before the scheduled 3-month follow-up
ultrasound, parental choice to decline follow-up ultrasound
or withdrawal after initial consent (did not present for follow-
up ultrasound despite scheduled appointment). Our cohort
consisted of 63 girls (30.9%) and 141 (69.1%) boys ranging
in age from 3 tol7 years (median: 10 years, IQR [8,13]). No
significant differences were found between the 631 children
excluded and the 204 included in the cohort (Online Supple-
mentary Material 2). Clinical follow-up periods ranged from
1 to 6 years. Figure 1 is a flow diagram of the study.

All children who presented for follow-up ultrasound were
asymptomatic, none had focal tenderness at ultrasound or
surgical examination and none underwent laboratory inves-
tigations at the time of scheduled ultrasonographic studies.

Five of 204 children had a CT scan of the abdomen and
pelvis: 4 to confirm the initial uncomplicated acute appen-
dicitis diagnosis and 1 the diagnosis of recurrent acute
appendicitis. CT scans were performed at the request of the
pediatric surgeons to confirm the ultrasound findings. All
CT results were concordant with ultrasound.

The data of the 29 patients who developed recurrent acute
appendicitis (at the initial diagnosis, during follow-up or at
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Fig. 1 Study flow diagram. US
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n=835

Patients with uncomplicated
acute appendicitis

1

—

Excluded from our
cohort

n=631

3-month follow-up US

n=204

n=148

Appendix normal size
or undetected

Appendix
abnormal size
n=56

Clinical follow-up

6-month follow-up US

the time of recurrent acute appendicitis) are presented in
Online Supplementary Materials 3 and 4.

Appearance of the appendix on follow-up
ultrasound

Data related to the appearance of the appendix at follow-up
ultrasound are presented in Table 1. At the 3-month follow-
up ultrasound, the appendiceal diameter appeared >6 mm in
56/204 children (27.5%), was not detected in 46/204 (22.5%)
and seemed normal (<6 mm) in 102/204 (50%). An enlarged
appendiceal diameter appears to be explained in 17/56
(30.3%) cases by an increase in wall thickness (>3 mm), in
31/56 (55.4%) by intraluminal fluid or sludge and in 8/56
(14.3%) by both the increase in wall thickness and intralumi-
nal fluid or sludge were found to be in the appendiceal lumen.
Intraluminal fluid or sludge was detected more frequently
in children with an increased appendiceal diameter than in
children with a normal appendiceal diameter (P <0.001). Of
the 56 children with an appendiceal diameter >6 mm at the
3-month follow-up and scheduled for 6-month follow-up ultra-
sound, 26 (46.4%) presented for this investigation (6 months

@ Springer
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from the date of conservative antibiotic treatment); 9 (16.1%)
patients had recurrent acute appendicitis before the scheduled
6-month ultrasound (Online Supplementary Material 3) and
the remaining 21 (37.5%) patients declined to present for this
ultrasound and received clinical follow-up only.

At the 6-month follow-up ultrasound, the appendiceal
diameter appeared > 6 mm in 9/26 (34.5%) children, was
not detected in 3/26 (11.5%) and appeared normal in size
(<6 mm) in 14/26 (54%). The enlarged appendiceal diam-
eter appeared to be due to an increase in wall thickness
in three cases, intraluminal fluid or sludge was present in
three and increased wall thickness and intraluminal fluid or
sludge was in the lumen of the appendix in three. Intralumi-
nal fluid or sludge was detected more frequently in children
with an appendiceal diameter > 6 mm (6/9, 66.6%) than in
children with an appendiceal diameter <6 mm (1/14, 7.1%)
at 6-month follow-up ultrasound (P=0.002). The informa-
tion related to the ultrasound appearance of the appendiceal
diameter at the 3- and 6-month follow-ups is summarized in
Fig. 2. Overall, after 6 months, 116 (56.8%) children had a
normal (<6 mm) appendiceal diameter on ultrasound (102
on the 3-month scan and 14 on the 6-month) and only 9
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Table 1 Appendiceal appearance on follow-up ultrasound (US)

US parameter

3-month follow-up

6-month follow-

9-month follow-up

n=204 up n=26 n=3
Appendiceal diameter >6 mm, n (%) 56/204 (27.5) 9/26 (34.5) 1(33.3)
Appendiceal diameter <6 mm, n (%) 102/204 (50) 14/26 (54) 2 (66.6)
Appendiceal diameter unavailable, n (%) 46/204 (22.5) 3/26 (11.5) 0
Appendiceal diameter <6 mm or unavailable, n (%) 148/204 (72.5) 17/26 (65.5) 2 (66.6)
Wall thickness >3 mm, n (%) 25/158 (15.8) 6/23 (26) 0/3
Intraluminal fluid or sludge +, n (%) 49/158 (31) 7/23(30.4) 1/3 (33.3)
Appendicoliths 0/158 0/23 0/3
Appendiceal diameter >6 mm and intraluminal fluid or sludge +, n (%) 39/56 (69.6) 6/9 (66.6) 1/3 (33.3)
Appendiceal diameter <6 mm and intraluminal fluid or sludge +, n (%) 10/102 (9.8) 1/14 (7.1) 0/2
Appendiceal diameter >6 mm and wall thickness 8/56 (14.3) 3/9 (33.3 1/1
>3 mm, intraluminal fluid or sludge +, n (%)
Appendiceal diameter >6 mm and wall thickness 17/56 (30.3) 3/9 (33.3) 0/1
>3 mm, intraluminal fluid or sludge -, n (%)
Appendiceal diameter >6 mm and wall thickness 31/56 (55.4) 3/9 (33.3) 0/1

<3 mm, intraluminal fluid or sludge +, n (%)

Fig.2 Appendiceal diameters
on ultrasound at 3- and 6-month

3-month follow-up
follow-up

204 children

6-month follow-up
26 children

HAbnormal diameter

ONormal diameter

BUndetected

B Abnormal diameter

ONormal diameter

2 Undetected

(4.4%) had an appendiceal diameter > 6 mm documented by
ultrasound.

Three of the nine children with an appendiceal diam-
eter > 6 mm at the 6-month follow-up presented for the
9-month ultrasound examination; four children had recur-
rent acute appendicitis before the scheduled examination
(Online Supplementary Material 3) and the remaining two
declined to present and were followed clinically. Among
the three children who presented for the 9-month ultra-
sound, the appendiceal diameter was > 6 mm in one and
normal in two. The child with the enlarged diameter had
recurrent acute appendicitis 10 months from the date
of conservative antibiotic treatment (1 month after the
9-month follow-up).

As shown in Fig. 3, the median ultrasound-measured
appendiceal diameter at baseline (at the initial diagnosis of

uncomplicated acute appendicitis) was 8 mm [IQR 7-9],
5.8 mm [IQR 5.0-6.8] at the 3-month follow-up and 5.9 mm
[IQR 5.0-6.5] at the 6-month follow-up. The median appen-
diceal diameter in the 29 patients with recurrent acute appen-
dicitis was 9 mm [8, 10]. The ultrasound-measured appen-
diceal diameter in patients were significantly smaller at the
3- and 6-month follow-up visits than at baseline (P <0.001).
In contrast, the appendiceal diameter in patients with recur-
rent acute appendicitis (measured at the time of recurrent
acute appendicitis) was significantly larger than the baseline
values (P=0.012).

Comparison of the demographic and US findings

By the end of the study (Dec. 31, 2020), 29 children (14.2%)
had recurrent appendicitis (recurrent acute appendicitis
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Fig.3 Comparison of appendiceal diameters at initial diagnosis of
uncomplicated acute appendicitis (baseline), at 3- and 6-month fol-
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group) and 175 (85.8%) had an uneventful follow-up (non-
recurrent acute appendicitis group). Most of the recurrences
(21/29) were seen during the first year, with 5/29 and 3/29
recurrences occurring in the 2nd year and beyond, respec-
tively. The recurrence rate over the first year was 10.3%
(21/204), while the rate over the first two years was 12.7%
(26/204), with a recurrence rate of 14.2% over the entire
study period.

Comparison of the demographic findings

No significant differences in age or sex were found
between the recurrent acute appendicitis group (n=29)
and the nonrecurrent acute appendicitis group (n=175).
Children from the recurrent acute appendicitis group had
a median age of 11 years (IQR [9, 13)], compared with 10
years (IQR [8, 13]) for the nonrecurrent acute appendicitis
group (P =0.58). The percentages of males in the recur-
rent acute appendicitis and nonrecurrent acute appendi-
citis groups were similar (72.4% vs. 68.6%, respectively;
P =0.84). An analysis of different age groups with recur-
rent acute appendicitis versus those without recurrent
acute appendicitis also revealed nonsignificant differences
(Online Supplementary Material 5).

Comparison of the US parameters during follow-up

Data related to ultrasound parameters at the 3-month fol-
low-up are presented in Table 2. The median appendiceal
diameter (Fig. 4) was significantly larger in the recurrent
acute appendicitis group (7 mm, IQR [5.9, 7.5]) than in the
nonrecurrent acute appendicitis group (5.5 mm, IQR [5.0,
7.5]; P=0.003).
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An appendiceal diameter > 6 mm was recorded in 17/29
(58.6%) cases in which acute appendicitis recurred and in
39/175 (22.3%) of the cases without recurrent acute appen-
dicitis (P <0.001). The appendiceal diameter was detected
as <6 mm in 6/29 (20.7%) patients in the recurrent acute
appendicitis group and in 96/175 (54.9%) in the nonrecur-
rent acute appendicitis group (P <0.001). When patients
with an undetected appendix were included with those with
an appendiceal diameter < 6 mm on ultrasound, statistical
significance was preserved (P <0.001).

Fluid in the abdomen at the 3-month follow-up ultra-
sound was more common in children who developed recur-
rent acute appendicitis than in those who did not (P =0.052,
Fisher exact test P=0.040). Wall thickness >3 mm, fat infil-
tration and lymph node enlargement were not associated
with increased risk of recurrent acute appendicitis.

Intraluminal fluid or sludge was recorded in 17/23
(73.9%) cases with a detectable appendix and recurrent acute
appendicitis and in 32/135 cases (23.7%) with an identi-
fiable appendix and without recurrent acute appendicitis
(P<0.001).

As shown in Fig. 5, at the 3-month follow-up ultrasound,
intraluminal fluid or sludge associated with an appendiceal
diameter > 6 mm was seen more frequently in children with
recurrent acute appendicitis (16/17) than in children without
recurrent acute appendicitis (23/39) (P=0.008). Addition-
ally, as shown in Fig. 5, fluid in the abdomen in associa-
tion with an enlarged appendiceal diameter appears to be
detected more frequently in the recurrent acute appendicitis
than in the nonrecurrent acute appendicitis group (P=0.078,
Fisher exact test P=0.046).

Data related to the ultrasound parameters at the 6-month
follow-up are presented in Table 3.

Among the 26 children who underwent 6-month fol-
low-up, 7 developed recurrent acute appendicitis and 19
remained asymptomatic. The appendiceal diameter returned
to normal (<6 mm) in 12/19 (63.2%) cases in the nonre-
current acute appendicitis group compared to 2/7 (28.6%)
in the recurrent acute appendicitis group (P=0.05). The
appendix could not be identified in 3/19 (15.8%) cases
from the nonrecurrent acute appendicitis group and the
diameter remained > 6 mm in 5/7 cases from the recurrent
acute appendicitis group (71.4%) vs. 4/19 (21.1%) from the
nonrecurrent acute appendicitis group (P =0.05). When we
repeated the analysis adding patients with an undetected
appendix to the group with a normal-appearing appendix,
the difference approached statistical significance (P=0.054).

At the 6-month follow-up, intraluminal fluid or sludge
was recorded in 5/7 (71.4%) cases with a detectable appen-
dix and recurrent acute appendicitis and in 2/16 (12.5%)
cases with an identifiable appendix and without recurrent
acute appendicitis (P <0.001).
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Table 2 Ultrasonographic (US) findings at the 3-month follow-up in children who developed recurrent acute appendicitis versus children who

did not
US parameter Recurrent acute appendicitis Overall P-value®
n=204

Yes No

n=29 n=175
Appendiceal diameter, mm (median [IQR]) 7.00 [5.85, 7.50] 5.50 [5.00, 7.50] 5.80 [5.00, 6.80] 0.003
Appendiceal diameter > 6 mm, n (%) 17/29 (58.6) 39 (22.3) 56 (27.5) <0.001
Appendiceal diameter <6 mm, n (%) 6/29 (20.7) 96 (54.9) 102 (50.0)
Appendiceal diameter unavailable, n (%) 6/29 (20.7) 40 (22.9) 46 (22.5)
Appendiceal diameter <6 mm or unavailable, n (%) 12/29 (41.4) 136 (77.7) 148 (72.5) <0.001
Free fluid in RLQ +, n (% 8/29 (27.6) 21 (12.0) 29 (14.2) 0.052
Fat infiltration +, n (%) 3/29 (10.3) 7(4.0) 10 (4.9) 0.32
Enlarged lymph nodes, n (%) 10/29 (34.5) 60 (34.3) 70 (34.3) 1
Wall thickness >3 mm, n (%) 4/23 (17.4) 21/135 (15.5) 25/158 (15.8) 0.95
Intraluminal fluid or sludge, n (%) 17/23 (73.9) 32 /135 (23.7) 49/158 (31) <0.001

IQR interquartile range, RLQ right lower quadrant
4 P<0.05 is significant (bold)
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Fig.4 Comparison of appendiceal diameters between children with
and without recurrent acute appendicitis

At 9 months, the appendiceal diameter was 8§ mm in the
child who eventually developed recurrent acute appendicitis
and contained intraluminal fluid or sludge. In contrast, it
was <6 mm by that time in the two children who remained
asymptomatic.

Association of the US parameters at 3-month
follow-up and the treatment for recurrent acute
appendicitis

Recurrent acute appendicitis was treated surgically in 23
cases and nonoperatively in 6. The data related to the appen-
diceal diameter at the 3-month follow-up ultrasound and the
type of treatment for recurrent acute appendicitis are pre-
sented in Table 4.

The data related to intraluminal fluid or sludge at the
3-month follow-up ultrasound and the type of treatment
for recurrent acute appendicitis are presented in Table 5.

The need for surgical treatment was more common
in children with an appendiceal diameter > 6 mm at the
3-month follow-up ultrasound than in children with a
normal size or unidentified appendix. Additionally, the
need for surgery was more common among children with
intraluminal fluid or sludge in the appendiceal lumen at
3-month follow-up ultrasound than in children without this
finding.

Comparison of the US parameters at the initial
diagnosis of uncomplicated acute appendicitis

Data related to the ultrasound findings at the initial diag-
nosis of uncomplicated acute appendicitis in children
who developed recurrent acute appendicitis versus those
who did not are presented in Table 6.. No significant
association was found between the appendiceal diameter
at initial diagnosis and the risk of recurrence. Intralu-
minal fluid or sludge was detected at the initial uncom-
plicated acute appendicitis diagnosis in 17/29 (58.6%)
children who developed recurrent acute appendicitis
compared with 44/175 (25.1%) who did not (P =0.002).
None of the other ultrasound parameters used at the ini-
tial diagnosis of uncomplicated acute appendicitis (free
fluid in the peritoneal cavity, fat infiltration, lymph
node enlargement, thickening of the appendiceal wall)
was associated with increased risk of recurrent acute
appendicitis.
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Predictive multivariate models

The results of the logistic multivariate regressions pre-
dicting recurrent acute appendicitis based on the main
demographic, laboratory and sonographic variables at
diagnosis and 3-month follow-up visits are presented in
Table 7. The regression model for 6-month follow-up
consisted of very few observations; therefore, no coef-
ficients were produced.

Results show that, after adjusting other variables,
at both the diagnosis (odds ratio [OR =4.030, 95%
[CI] [1.663, 9.765]) and 3-month follow-up visits
(OR=13.56,95% CI [4.069, 45.248]), intraluminal fluid
or sludge predicted recurrent acute appendicitis.

Discussion

Most studies dealing with conservative antibiotic treatment
for uncomplicated acute appendicitis have focused on the
success of treatment [5, 14, 15, 26]. Others have tried to
predict recurrence using clinical, laboratory and US data at
initial diagnosis [12, 13, 27, 28]. To the best of our knowl-
edge, there are no reports providing information about the
usefulness of imaging for follow-up of children treated
conservatively for uncomplicated acute appendicitis. Our
study addressed this issue and assessed the appearance of
the appendix on follow-up ultrasound after conservative
antibiotic treatment for uncomplicated acute appendicitis
in children.

By the end of the follow-up period, 29 (14.2%) children
had developed recurrent acute appendicitis and 175 had
recovered uneventfully. The 14.2% recurrence rate reported
by our group corroborates previous reports in the literature,
such as the 14% adjusted incidence rate for recurrent appen-
dicitis calculated by Georgiou et al. [7].

The ultrasound-measured appendiceal diameters of our
patients were significantly smaller at the 3- and 6-month
follow-up visits than at baseline (P <0.001). In contrast,
the appendiceal diameter of patients with recurrent acute
appendicitis (measured at the time of recurrent acute appen-
dicitis) were significantly larger than the baseline values
(P=0.012). This information can be valuable for under-
standing the expected dynamics of appendiceal diameter
measurements during the management and follow-up of
children treated conservatively for uncomplicated acute
appendicitis.

We observed that the appendiceal diameters were
already <6 mm in 50% of cases at the 3-month follow-up.

Table 3 Ultrasonographic
(US) findings at the 6-month
follow-up in children who
developed recurrent acute

US parameter

Recurrent acute appendicitis Overall P-value?
n=26

Yes No

n=7 n=19

appendicitis versus children
who did not
[interquartile range])

Appendiceal diameter > 6 mm, n (%)
Appendiceal diameter <6 mm, n (%)
Appendiceal diameter unavailable, n (%) 0/7 (0.0)

Appendiceal diameter <6 mm or
unavailable, n (%)

Free fluid in right lower quadrant, n (%)

Fat infiltration, n (%)
Enlarged lymph nodes, n (%)
Wall thickness >3 mm, n (%)

Intraluminal fluid or sludge

Appendiceal diameter, mm (median

6.20 [5.85,7.70] 5.70[5.00, 6.05] 5.90 [5.00, 6.50] 0.072

5/7 (71.4) 4/19 21.1) 9 (34.6) 0.05
2/7 (28.6) 12/19 (63.2) 14 (53.8)

3/19 (15.8) 3(11.5)
2/7 (28.6) 15/19 (78.9) 17 (65.4) 0.054
1/7 (14.3) 2/19 (10.5) 3(11.5) 1
1/7 (14.3) 1/19 (5.3) 2(7.7) 1
0/7 (0.0) 419 (21.1) 4(15.4) 0.48
3/7 (42.8) 3/16 (18.7) 6/23 (26) 0.22
5/7 (71.4) 2/16 (12.5) 7/23 (30.4) 0.001

4 P<0.05 is significant (bold)
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The recovery rate continued to increase progressively dur-
ing follow-up in accordance with the clinical evaluations.
We consider these findings a useful adjunct for choosing
conservative antibiotic treatment successfully and for further
clinical decision-making.

At the 3-month follow-up ultrasound, in 27.5% of cases,
the appendiceal diameter remained increased in size despite
the absence of symptoms. Our results also showed that
detection of an appendiceal diameter>6 mm and intralu-
minal fluid or sludge at follow-up ultrasounds were more
frequently associated with recurrent acute appendicitis.

This information can also be helpful for surgeons and
other medical personnel involved in the management and
follow-up of children with uncomplicated acute appendici-
tis treated nonoperatively. In the absence of symptoms, an
appendiceal diameter > 6 mm on 3-month follow-up ultra-
sound does not appear to be an indication for immediate
treatment or diagnostic work-up, as the appendix was normal
size (<6 mm) in 54% of the children who had an additional
ultrasound at 6 months. For some children, an increased
appendiceal diameter at the 3-month follow-up probably
indicates that they need additional time for the appendix

Table 4 Association between the appendiceal diameter at 3-month follow-up ultrasound and the type of treatment for recurrent acute appendici-

tis

Treatment Appendiceal diameter
Total Abnormal (n %) Normal (n % Unavailable P -value® Normal+unavailable P-value® abnormally enlarged
(n %) (n %) (n, %) versus normal and unavailable
Total 204 56 102 46 0.001 148 <0.001
None 175 (85.8) 39 (69.6) 96 (94.1) 40 (87) 136 (91.9)
Surgical 23(11.3) 14 (25) 5(4.9) 4(8.7) 9(6.1)
Conservative 6(2.9) 3 (5.4) 1(1) 2(4.3) 3(2)
* P<0.05 is significant (bold)
Tab le5 Associgtion between Treatment Total ILF/S present ILF/S absent ILF/S unavailable  P-value
intraluminal fluid or sludge n (%) n (%) n (%) n (%)
(ILF/S) at 3-month follow-up
ultrasoundf and the type of None 175(85.8)  27/135(20) 108/135 (80)  40/175 (22.8) <0.001
:;;;fggiﬁ‘;r recurrent acute Surgical 23 (113) 14/19 (73.7) 5/19 (26.3) 423 (17.4)
Conservative 6(2.9) 3/4 (75) 1/4 (16.6) 2/6 (33.3)
Total 204 44 114 46

# P<0.05 is significant (bold)

Table 6 Ultrasonographic findings at the initial diagnosis of uncomplicated acute appendicitis in children who developed recurrent acute appen-

dicitis versus children who did not

US parameter Recurrent acute appendicitis Overall P-value
n=204

Yes No

n=29 n=175
Appendiceal diameter (median [IQR]) 8.00 [7.30, 9.00] 8.00 [7.00, 9.00] 8.00 [7.00, 9.00] 0.52
Appendiceal diameter < 7 mm 2(6.9) 25 (14.3) 27 (13.2) 0.38
Appendiceal diameter > 7 mm 27 (93.1) 150 (85.7) 177 (86.8)
Appendiceal diameter < 8 mm 12 (41.3) 82 (46.8) 94 (46.1) 0.58
Appendiceal diameter > 8 mm 17 (58.7) 93 (53.2) 110 (53.9)
Appendiceal diameter < 9 mm 18 (62) 123 (70.3) 141 (69.1) 0.38
Appendiceal diameter > 9 mm 11 (38) 52 (29.7) 63 (30.9)
Free fluid in right lower quadrant +, n (%) 8 (27.6) 47 (26.9) 55 (27.0) 1
Fat infiltration +, n (%) 26 (89.7) 149 (85.1) 175 (85.8) 0.72
Enlarged lymph nodes, n (%) 10 (34.5) 69 (39.4) 79 (38.7) 0.76
Wall thickness >3 mm, n (%) 29 (100) 175 (100) 204 (100) 1
Intraluminal fluid or sludge +, n (%) 17 (58.6) 44 (25.1) 61 (29.9) 0.002
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to heal and for the inflammatory changes to recede, but for
others, it can be an indicator of increased recurrence risk.
We recommend that an enlarged appendiceal diameter on
follow-up ultrasounds, months after an episode of uncom-
plicated acute appendicitis, must be interpreted with caution
and in correlation with the clinical and laboratory findings.

At the 6-month follow-up, an appendiceal diame-
ter > 6 mm continued to be present more frequently among
children who developed recurrent acute appendicitis (71.4%)
than among those who did not (21.1%). Therefore, it is pos-
sible to consider that a persistently enlarged appendiceal
diameter at 6 months should increase the suspicion of poten-
tial recurrent acute appendicitis.

On follow-up ultrasound, intraluminal fluid or sludge
was more frequently detected in children with increased as
opposed to normal size appendiceal diameter (P <0.001).
The intraluminal fluid or sludge and the association between
an increased appendiceal diameter and intraluminal fluid
or sludge were also detected more frequently in children
with recurrent acute appendicitis than in children without
(P<0.001, P=0.008, respectively). Intraluminal material
appears to explain the persistence of an increased appen-
diceal diameter in most cases and to be a useful additional
tool for predicting recurrent acute appendicitis. Intraluminal
fluid or sludge detected at the initial diagnosis of uncompli-
cated acute appendicitis also appears to be associated with
recurrent acute appendicitis (P =0.002). Furthermore, intra-
luminal fluid or sludge appears to predict recurrent acute
appendicitis in multivariate analysis.

Moteki and Horikoshi [29] reported that intraluminal
appendiceal fluid could be a new diagnostic criterion for
acute appendicitis. Other authors [13, 28] concluded that
intraluminal fluid can help predict recurrent acute appendi-
citis after successful nonoperative management of uncompli-
cated acute appendicitis in pediatric patients and our results

support their findings. A possible explanation for persistent
intraluminal content could be that the obstruction of the
appendiceal lumen related to the initial episode of acute
appendicitis resolves only partially in some children and it
is likely these children have an increased risk for recurrent
acute appendicitis.

No significant correlation was found between the appen-
diceal diameter at the initial diagnosis and the risk of recur-
rence. This agrees with results reported by some authors [13]
but not with others [28].

Most children with recurrent acute appendicitis (23/29)
were treated surgically and the diagnosis was confirmed his-
tologically in all. None of the children with recurrent acute
appendicitis presented with perforated appendicitis and all
had an uncomplicated course, suggesting that initial non-
operative treatment is safe in the medium- to long-term, as
reported in the literature [9]. The detection of an enlarged
appendiceal diameter on follow-up ultrasound appears to be
associated with surgical recurrent acute appendicitis, but this
finding must be interpreted with caution, as the choice for
the surgical approach was often influenced by the parents’
preference.

The results of this study influenced our practice. We
introduced a protocol for ultrasound follow-up of children
treated for uncomplicated acute appendicitis in our hospital,
which includes ultrasound of the appendix every 3 months
with the end points of either normalization of sonographic
appearance or development of recurrent acute appendicitis.
In cases with increased appendiceal diameter, intraluminal
fluid or sludge, or the association of both these parameters,
closer clinical follow-up is recommended, as we consider the
risk of recurrent acute appendicitis to be increased.

The current study was limited by the relatively small
number of patients. Among the 835 children treated con-
servatively for uncomplicated acute appendicitis in our

Table 7 Logistic multivariate regressions to predict recurrent acute appendicitis at initial diagnosis of uncomplicated acute appendicitis and at

3-month follow-up

Parameter Initial uncomplicated acute appendicitis diagnosis 3-month follow-up

OR 95% CI lower 95% CI upper OR 95% CI lower 95% CI upper
Sex 1.018 0.382 2.713 1.077 0.338 3.429
Age 1.028 0.894 1.182 1.240 1.007 1.526
White blood cells (X1,000) 0.970 0.874 1.076 - - -
C-reactive protein (mg/dl) 1.122 0.975 1.291 - - -
Appendiceal diameter 0.854 0.588 1.241 0.931 0.531 1.342
Free fluid in right lower quadrant 0.976 0.379 2.512 2.159 0.592 7.798
Fat infiltration 1.263 0.333 4.793 0.644 0.121 3.415
Enlarged lymph nodes 1.051 0.421 2.622 0.364 0.100 1.316
Intraluminal fluid or sludge 4.030* 1.663 9.765 13.569* 4.069 45.248

2 P<0.01

CI confidence interval, OR odds ratio
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hospital, 204 underwent 3-month follow-up ultrasound,
26 presented for 6-month follow-up and only 3 received
9-month follow-up. In addition, the sample size and selec-
tion were not standardized, as only a small subset of the
children presented for follow-up ultrasound. Therefore, the
population analyzed may not accurately reflect the entire
population of children treated nonoperatively for uncom-
plicated acute appendicitis in our hospital. However, with
the aim of decreasing this bias, we compared the children
who presented for sonographic follow-up with the children
who received only clinical follow-up and did not find any
significant differences (Online Supplementary Material 2).
Larger studies with more precisely defined follow-up criteria
are needed to confirm our findings.

This was a single-center study conducted at a hospital with
a radiology team able to perform follow-up ultrasound. It is
possible that our results would not be applicable in a setting
with different characteristics and different US availability.

Conclusion

By the end of the follow-up period, 29 (14.2%) children had
developed recurrent acute appendicitis and 175 had recov-
ered uneventfully. A trend toward progressive normalization
of the appendiceal diameter over time was noted at follow-
up ultrasounds. The prevalence of appendiceal diameter
enlargement and intraluminal fluid or sludge were increased
in children who later developed recurrent acute appendicitis.
Ultrasound appears to be a useful tool for the follow-up of
children with conservatively treated uncomplicated acute
appendicitis and may help predict recurrence.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00247-022-05497-2.
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