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Abstract: Whilst most surgeons agree that conservative treatment of appendiceal abscess in children
is an adequate treatment, the need for subsequent interval appendectomy is still controversial. We
analyzed the histopathology in interval appendectomy in search of signs of inflammation. All patients
admitted between 2010 and 2017 with appendiceal abscess and scheduled for interval appendectomy
were reviewed. The specimens were evaluated for grade of inflammation, type and distribution of
cellular infiltrate, presence of necrosis or hemorrhage and infiltrate in the serosa. Forty-two patients
had appendiceal abscess and were treated conservatively. Seven underwent emergent appendectomy.
Thirty-three out of 35 patients underwent elective interval appendectomy. Thirty-two specimens
were revised. Carcinoid tumor or other malignant lesions were not found. All of them presented
some amount of inflammation, grade 1 to 2 in 53%, grade 3 to 4 in 47%. Twenty-five percent of
the specimens had signs of necrosis accompanied by hemorrhage and in more than the half (53%)
the infiltrate extended to the serosa. Conclusions: Although the appendix was mostly found not
macroscopically inflamed intraoperatively, histology confirmed a certain grade of inflammation even
months after the conservative treatment. No correlation was found between histopathologic findings
and lapse of time between abscess treatment and interval appendectomy.

Keywords: interval appendectomy; complicated appendicitis; appendiceal abscess; histopathology

1. Introduction

The presence of an appendiceal mass at the time of the diagnosis complicates two to
nine percent of the appendicitis [1,2]. It can be suspected in patients with a palpable mass
or with more than three days of symptoms, and it is more common in children younger
than five years. Immediate surgical treatment of enclosed appendiceal inflammation is
associated with a more than three-fold increase in morbidity compared with non-operative
management [1]. Therefore, conservative treatment of appendiceal abscess and subsequent
interval appendectomy has become an increasingly common practice. The success of this
protocol, in terms of decreased complications and hospital stay length compared with
traditional immediate operation, has already been demonstrated [3]. However, the risk of
recurrent appendicitis as well as the rationale and timing for an interval appendectomy
is still under debate. Some authors have suggested that delayed appendectomy is not
necessary unless the patients present with recurrent symptoms [1,4]. The risk of recurrence,
which tended to happen in the majority of cases within 6 months after the initial hospital
stay, had been estimated for 10–14% [1].

The histopathology data on interval appendectomy in children have been scant.
We reviewed the pathologic specimens from interval appendectomy in search of signs
of inflammation.
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2. Materials and Methods

After approval by the Institutional Research Board, all patients admitted to our depart-
ment between 2010 and 2017 with a diagnosis of appendiceal abscess who later underwent
interval appendectomy were retrospectively reviewed. The diagnosis was confirmed by
the finding of an appendiceal mass at US scan. As previously reported [5,6], children
presenting with an appendiceal mass at our centre were managed conservatively with
parenteral broad spectrum antibiotic therapy, until the resolution of illness and normaliza-
tion of inflammatory markers, and with interval appendectomy scheduled electively at
least 6–8 weeks after hospital discharge. The standard antibiotic therapy included Ampi-
cillin/Sulbactam (50 mg/kg/dose) every 8 h, Metronidazole (7.5 mg/kg/dose) every 8 h
and Tobramycin (5 mg/kg/dose) once a day. Any patient failing to respond to the conser-
vative management and not improving within 72 h of starting the antibiotics underwent
an emergent appendectomy.

All patients in whom an emergent appendectomy was undertaken either for the failure
of conservative treatment or for developing recurrent appendicitis, which led to an early
and unplanned hospital readmission, were excluded from the study.

Demographic data, type and length of parenteral/oral antibiotic therapy, number
of weeks between hospital discharge and elective interval appendectomy, intraoperative
findings, surgical complications and post-operative follow-up were recorded.

All specimens were retrieved. Hematoxylin and eosin-stained slides from all cases
containing at least two cross sections (distal and intermediate) and one longitudinal section
of the appendix, were reviewed by two Pathologists, blinded to both clinical data and
to the original pathological record. Histopathologic features were assessed with special
attention given to grade of inflammation, histological features of the cellular infiltrate and
its distribution, presence of necrosis or hemorrhage or abscesses and presence of infiltrate
in the serosa. The grade of inflammation was considered 0 in absence of inflammatory cells,
1 (mild) in presence of few scattered inflammatory cells, 2 when multiple small clusters of
inflammatory cells (10 − 20/HPF × 10) were seen, 3 if multiple clusters of inflammatory
cells (20 − 30/HPF × 10) tend to merge, and 4 (severe) if the inflammation was widespread
(>30/HPF × 10).

Finally, we tried to correlate the grade of inflammation with the lapse of time between
conservative management and interval appendectomy.

Statistical Analysis

All continuous data were reported as median with range. Binomial data were reported
as percentage.

3. Results

Forty-two patients (23 female and 19 male) were admitted to our centre with a diag-
nosis of appendiceal abscess at a median age of 8.3 years (range 2–17.2 years) during the
study period. All of them were initially treated with intravenous (iv) fluids, analgesics and
antibiotics. The standard antibiotic therapy was first administered to all patients but one,
allergic to Ampicillin, in whom Ciprofloxacin was instead used. Two male patients failed
to respond to the conservative management and underwent an emergent appendectomy at
a median age of 14.2 years (range 11.5–17 years). Five patients (1 female and 4 male) devel-
oped acute appendicitis whilst on a waiting list for interval appendectomy and required
emergent appendectomy. In the remaining 35 patients, the conservative treatment with iv
antibiotics was prolonged for a median of 7.5 days (range 6–13 days) with normalization
of the clinical conditions and inflammatory markers. All of them were discharged with a
prescription of oral amoxicillin/clavulanic acid for 5–7 days and a planned readmission
for elective appendectomy. Thirty-three out of 35 patients underwent elective interval
transumbilical laparoscopic assisted appendectomy (TULAA) 12 weeks (median; range
8–24 weeks) after discharge. Two female patients were lost at follow up and one of them
was admitted 8 months later with another appendiceal abscess and underwent emergent
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appendectomy. In 13 out of 33 patients the appendix was retrocoecal and in 18 out of
33 adhesions between appendix and abdominal wall were found. In one case there was a
“vanishing” appendix and in two others a stump appendix was found. No complications
occurred during surgery and the patients were discharged after 2–3 days of hospitalization.
At follow-up in the outpatient clinic 7–10 days after discharge all patients were in good
health, with no complications of the umbilical wound.

The pathology revision could be conducted in the specimens of 32 out of 33 patients.
In none of the excised appendix specimens were a carcinoid tumor or other malignant
lesions found.

In all the specimens some amount of inflammation was described (Table 1), grade 1
to 2 in 53% (17/32) of the cases, grade 3 to 4 in 47% (15/32) of the patients. Lymphoid
elements were found in all the specimens, mingled with hystiocytes in cases of grade 1
and 2 of inflammation, as sign of chronic inflammation, together with granulomatous
elements in appendices with grade 3 and 4 of inflammation, as a result of persistence of
acute inflammation or flare of inflammation. In 17 cases eosinophilic infiltration was found.
The presence of necrosis was directly related to the grade of inflammation, being more
pronounced in grade 3 and 4 (9 out of 15, 60%) (Figure 1B). In 25% of cases necrosis was
accompanied by hemorrhage (Figure 1A). A crypt abscess was found only in one case.
In 17 out of 32 cases (53%) the infiltrate extended to the serosa (Figure 1A), especially in
appendices with grade 3 and 4 inflammation (11/17 cases) (Table 1).

Table 1. Histopathologic features of appendices at the time of interval appendectomy.

Grade of
Inflammation

n
%

Necrosis
n; %

Hemorrhage
n; %

Necrosis +
Hemorrhage

n; %

Abscesses
n; %

Infiltrate
in Serosa

n; %

0 - - - - - -

1 5
15.6% - 2

6.2% - - -

2 12
37.5%

1
3.1%

2
6.2%

3
9.3% - 6

18.7%

3 7
21.8%

2
6.2% - 4

12.5%
1

3.1%
5

15.6%

4 8
25%

7
21.8% - 1

3.1% - 6
18.7%

Tot 32
100%

10
31.2%

4
12.5%

8
25%

1
3.1%

17
53%
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 Figure 1. (A) Appendix section with grade 4 of inflammation extended also to the serosa and
associated with necrosis and hemorrhage (H&E, original magnification ×2.5). (B) Appendix section
with grade 4 of inflammation and diffuse necrosis (H&E, original magnification ×10).

No correlation was found between the histopathologic findings and the lapse of time
between abscess treatment and interval appendectomy (Table 2).
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Table 2. Grade of inflammation of appendices and time lapse before interval appendectomy.

Grade of Inflammation n 8 Weeks 12 Weeks 16 Weeks 24 Weeks

1 5 2 2 1

2 12 6 5 1

3 7 3 4

4 8 3 4 1

Tot 32 14 15 2 1

4. Discussion

Conservative treatment of an appendiceal abscess has the goal to localize the inflam-
matory process and decrease the risk of complications. Recently, a prospective, randomized
trial [7] has demonstrated the superiority of postoperative monotherapy with piperacillin-
tazobactam over standard 2-drug therapy with ceftriaxone and metronidazole in preventing
development of intra-abdominal abscess in children with perforated appendicitis. Patients
with perforated appendicitis treated conservatively were excluded from the study. How-
ever, the results of this trial should encourage an extension of the treatment also to the
appendiceal abscess treated conservatively.

Nonsurgical treatment could fail in 8–13.6% of the cases [1,8]. In our setting it failed
in 7 patients (16.6%), 2 at initial conservative treatment and 5 while waiting for interval
appendectomy, resulting in all cases in an urgent appendectomy.

Whilst the conservative management of an appendiceal abscess has long been accepted
by most surgeons, the need for interval appendectomy after a successful nonsurgical
treatment, however, has been questioned, because the risk of recurrence seems relatively
small and the possibility to find a carcinoid tumor or malignancy seems even rarer [1,2,9].
Ein et al. [10] described 10% (one patient) of recurrence among ten cases of appendiceal
abscesses treated conservatively and followed up for a range of 6 months to 13 years. It
should be noted that three patients required a drainage and probably should not have
been included among the group treated conservatively. This should raise the discussion
if the patient treated with a drainage procedure should qualified or not for conservative
treatment group. The percentage of recurrence increased to 42% in a later study of the
same group [11], especially if an appendicolith was associated. Puapong et al. [12] reported
a recurrence rate of 8%. In a study conducted by Fawkner–Corbett et al. [2], 12% of
the children developed acute appendicitis requiring emergent appendectomy, whilst on
waiting list for interval appendectomy. In Svensson et al. report [13], 7 out of 89 patients
(almost 8%) had either recurrence of abscess (5) or acute appendicitis (2) after conservative
treatment of appendiceal abscess. More recently, Tanaka et al. [14] described 6.2% of
recurrence in patients waiting for interval appendectomy and 34.2% in an average 3.4 years
of follow up among patients treated conservatively for appendiceal abscess and who
chose not to have an interval appendectomy. In CHINA study [15], the recurrence of
histologically proven appendicitis among children on active observation after conservative
treatment for appendix mass was 12%.

We experienced a recurrence rate of 12% (5 acute appendicitis). In one case, the parents
did not agree to the scheduled interval appendectomy, and the child was lost at follow up.
Eight months later she presented with a recurrent abscess. Should the scheduled interval
appendectomy have been performed, this, perhaps, would not have happened.

The high percentage of recurrence, which raised to 42% when the follow-up was
extended to 2 years and 34% in 3.4 years of follow-up, supported the recommendation to
perform interval appendectomy in patients with appendiceal abscess treated conservatively.
On the other hand, the low rate of complications in elective interval appendectomy [11,16],
compared with the high risk of recurrence and re-hospitalization, confirmed the safety of
the surgical procedure, and added more support to its appropriateness.
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It is generally accepted that the risk of recurrence is highest in the first 6–12 months
after the successful conservative treatment of an appendiceal abscess, with more than 80%
of recurrences happening within 6 months [10,12,13,17]. For this reason, the surgeons in
favor of interval appendectomy recommend performing the procedure between 6 weeks
and 3 months [10].

We examined the histopathology of the appendix at the time of interval appendectomy
in search of signs of inflammation and we tried to correlate these data with the lapse
of time between conservative management of the abscess and interval appendectomy.
Some authors have examined the macroscopic appearance and histopathology of interval
appendectomy specimens, both in children and in the adult population, finding either
no signs of previous inflammation [4,17], or subacute [18] or acute [17,18] or chronic
inflammation [2,17,19], or fibrosis [2,18,19], or granulomatous inflammation [19,20]. In
some cases, the appendix was found to be obliterated by fibrosis and scarring [18], leading
to the conclusion that interval appendectomy could be omitted, because the recurrence
was thought dependent on a persistently patent appendiceal lumen. On the other hand,
appendices with patent lumen were found to be histologically normal [20]. Thus, the risk
of recurrence did not correlate only with the lumen characteristics.

The histopathology data on appendix at interval appendectomy in children have
been scant. To the best of our knowledge only two studies addressed specifically the
histopathology of interval appendectomy specimens with contrasting results. In one of
them (17 specimens) [20] the authors found most of the appendices histologically normal
at the time of interval appendectomy, while in the other (14 specimens) [19] they described
granulomatous inflammation.

In all our patients, a certain grade of inflammation of the appendix was found at
histology, despite that the appendix was mostly not macroscopically inflamed intraoper-
atively. In almost half (47%) of the cases it was described as grade 3 or 4 and frequently
accompanied by necrosis. In more than half (53%) of the patients, especially when the
inflammation was grade 3 or 4, the infiltrate extended to the serosa.

Interestingly, we could not find any correlation between the histopathologic findings
and the interval of time between abscess treatment and interval appendectomy. All grades
of inflammation were found almost at each time lapse.

The finding of persistent inflammation in all appendices at interval appendectomy
supported the recommendation of not omitting the interval appendectomy after the con-
servative treatment of an appendiceal abscess.

Lately [21], the previous undisputed concept of conservatively treating an appendiceal
abscess has been questioned, at least among adult patients. In the laparoscopic era an
emergency appendectomy is considered a quick, safe and feasible treatment for appendiceal
abscess. If this attempt to shift from delayed appendectomy to emergency appendectomy is
also applicable to the pediatric patients, remains to be demonstrated and further qualitative
studies are needed to substantiate this management.

This study has some limitations, which should be acknowledged. First, the lag time
between the end of conservative treatment and the surgical procedure was quite short in a
number of cases. Second, it might be speculated that the presence of inflammation could
be a remnant of the previous episode. However, the analysis failed to show a relationship
between surgical procedure lag time and the degree of inflammation and seems to rule out
the hypothesis of slowly resolving previous damage.

In conclusion, the results of this study confirmed that there is still some grade of
inflammation in the appendix even several months after the conclusion of the conservative
management of the appendiceal abscess, and that a higher grade of inflammation does not
correlate with a shorter time between conservative treatment and interval appendectomy.
More data are needed to confirm these results.

WHAT IS KNOWN:

- Conservative treatment of an appendiceal abscess localizes the inflammatory process
and decreases the risks of complications.



Children 2021, 8, 811 6 of 7

- Nonsurgical treatment could fail in 8–13.6% of the cases.

WHAT IS NEW:

- The appendix was mostly not macroscopically inflamed intraoperatively.
- There are still signs of inflammation in appendix several months after the conclusion

of conservative management of appendiceal abscess.
- No correlation was found between the histopathologic findings and the interval of

time between abscess treatment and interval appendectomy.
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