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ABSTRACT

Introduction. Acute appendicitis is the most frequent cause of
acute abdomen in children. The objective of this study was to analyze
the causes, approach, and results of complications requiring surgery
following appendectomy.

Materials and methods. A retrospective study of the appen-
dectomies conducted in three third-level institutions from 2015 to
2019 was carried out. Complications, causes, and number of re-in-
terventions, time from one surgery to another, surgical technique
used, operative findings at baseline appendectomy according to the
American Association for the Surgery of Trauma (AAST) classifi-
cation, and hospital stay were collected.

Results. 3,698 appendicitis cases underwent surgery, 76.7%
of which laparoscopically, with 37.2% being advanced (grades
II-V of the AAST classification). Mean operating time was 50.4
minutes (49.8 + 20.1 for laparoscopy vs. 49.9 + 20.1 for open sur-
gery, p > 0.05), and longer in patients requiring re-intervention
(68.6 £27.2 vs. 49.1 £ 19.3, p < 0.001).

76 re-interventions (2.05%) were carried out. The causes includ-
ed postoperative infection (n = 46), intestinal obstruction (n = 20),
dehiscence (n = 4), and others (n = 6). Re-intervention risk was not
impacted by the baseline approach used (open surgery or laparoscopy,
OR: 1.044, 95% CI: 0.57-1.9), but it was by appendicitis progression
(7.8% advanced vs. 0.7% incipient, OR: 12.52, 95% CI: 6.18-25.3).

There was a tendency to use the same approach both at baseline
appendectomy and re-intervention. This occurred in 72.2% of lap-
aroscopic appendectomies, and in 67.7% of open appendectomies.
The minimally invasive approach (50/76) was more frequent than the
open one (27 laparoscopies and 23 ultrasound-guided drainages vs.
26 open surgeries) (p < 0.05). 55% of obstruction patients underwent
re-intervention through open surgery (p > 0.05).

Conclusion. Re-intervention rate was higher in advanced ap-
pendicitis cases. In this series, the minimally invasive approach
(laparoscopic or ultrasound-guided drainage) was the technique of
choice for re-interventions.

KEY WoRrbDs: Children; Appendectomy; Re-intervention; Multi-
center study; Laparoscopy; Urgent surgery.
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REINTERVENCIONES TRAS APENDICECTOMIA EN NINOS.
ESTUDIO MULTICENTRICO

RESUMEN

Introduccion. La apendicitis aguda es la causa mds frecuente de
abdomen agudo en nifios. El objetivo de este trabajo es estudiar las
causas, abordaje y resultados de las complicaciones que requieren
intervencién quirtrgica después de la apendicectomfia.

Material y métodos. Estudio retrospectivo de las apendicec-
tomias realizadas en 3 centros de tercer nivel entre 2015-2019. Se
recogieron las complicaciones, causas y nimero de reintervenciones,
intervalo entre ambas cirugias, técnica empleada, hallazgos ope-
ratorios segtin la Clasificacion de la American Association for the
Surgery of Trauma (AAST) en la apendicectomia inicial y tiempo
de ingreso.

Resultados. Se intervinieron 3.698 apendicitis, un 76,7% por
via laparoscépica, encontrando un 37,2% evolucionadas (grado
II-V de la clasificacion AAST). El tiempo medio quirtrgico fue de
50,4 minutos (laparoscopia 49,8 + 20,1 vs. laparotomia 49,9 + 20,1,
p > 0,05), superior en aquellos pacientes que requirieron reinterven-
cion (68,6 = 27,2 vs. 49,1 = 19,3, p < 0,001).

Se realizaron 76 reintervenciones (2,05%). Las causas fueron:
infeccion postoperatoria (n = 46), obstruccion intestinal (n = 20),
dehiscencia (n =4) y otras (n = 6). El abordaje inicial no influy¢ en el
riesgo de reintervencion (laparotomia o laparoscopia, OR 1,044, IC
95% 0,57-1,9), pero si el grado de evolucion de la apendicitis (7,8%
evolucionadas vs. 0,7% incipientes, OR 12,52, IC 95% 6,18-25,3).

Hubo una tendencia a reintervenir por el mismo abordaje que la
apendicectomia, esto ocurrié en un 72,2% de las apendicectomias
laparoscdpicas y en un 67,7% de las apendicectomias abiertas. El
abordaje minimamente invasivo (50/76) fue més frecuente que la
laparotomia (27 laparoscopias y 23 drenajes ecoguiados frente a
26 laparotomias) (p < 0,05). E1 55% de los pacientes obstruidos se
reintervinieron por via abierta (p > 0,05).

Conclusion. El indice de reintervencién fue superior en las
apendicitis evolucionadas. En esta serie, el abordaje minimamente
invasivo (laparoscdpico o drenaje ecoguiado) fue la técnica de elec-
cion en las reintervenciones.

PALABRAS CLAVE: Niflos; Apendicectomia; Reintervencion; Estudio
multicéntrico; Laparoscopia; Cirugia urgente.
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INTRODUCTION

Acute appendicitis is the most frequent cause of acute
abdomen in children, with cumulated risk ranging from
7% to 9%, and peak incidence occurring at the age of
11-12 years old®. Open appendectomy as described by
McBurney in 1894 has been the therapeutic technique of
choice for decades. Semm performed the first laparoscopic
appendectomy in an adult in 1983(. Thanks to the develop-
ment of new instruments, the minimally invasive approach
has gained ground in pediatric surgery departments and
has currently become the technique of choice in many
institutions®.

Acute appendicitis is perceived as a simple pathology
because it is quite frequent, but it is associated with sig-
nificant morbidity and mortality rates. Appendicular per-
foration is a frequent presentation, especially in patients
under 6 years old, with an incidence of up to 50-80%
according to the series("). Postoperative complications of
appendicitis vary widely, with occlusion and superficial
and intra-abdominal infections standing out. Few studies
have specifically analyzed the surgical complications of
appendectomy.

The objective of this study was to analyze the causes,
frequency, and approach of re-interventions following
appendectomy in children.

MATERIALS AND METHODS

A retrospective study of the appendectomies conducted
in three third-level institutions from 2015 to 2019 was car-
ried out, and the re-interventions performed in this group
of patients were reviewed. “Re-intervention” was defined
as any unscheduled or unexpected additional surgical
procedure under general anesthesia to manage any given
complication in patients who had previously undergone
appendicitis surgery. It included image-guided drainages
at the operating room.

Variables collected included sex, date, and age at
appendectomy and re-intervention, time from one surgery
to another, number of re-interventions, number of admis-
sions, total hospital stay, and mortality.

Regarding appendectomy, operating time, type of
approach (open surgery, conventional laparoscopy, sin-
gle-port laparoscopy, or conversion), and appendicitis
progression were assessed using the American Associa-
tion for the Surgery of Trauma (AAST) classification to
categorize the intraoperative appearance of the appendix as
normal (appendix without macroscopic disorders), grade |
(phlegmonous appendicitis), grade 2 (gangrenous appendi-
citis), grade 3 (perforated appendicitis with local contami-
nation), grade 4 (perforated appendicitis with phlegmon or
periappendicular abscess), and grade 5 (perforated appen-
dicitis with widespread peritonitis).
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Table .  Mean patient age.
Patients Mean age
3,698 undergoing 115.8 + 37.1 months (R:
appendicitis surgery 0-192)
3,622 not requiring 116 + 36.8 months
re-intervention
76 requiring re-intervention  112.9 + 42.6 months

111.4 = 43 months
112 + 41 months

76 — age at appendectomy

76 — age at re-intervention

No significant differences in terms of age at appendectomy were found
between patients requiring re-intervention and patients not requiring
re-intervention (p > 0.05).

In addition, complications requiring re-intervention,
type of re-intervention (surgery, ultrasound-guided drain-
age, or thoracic drainage), type of approach (open or lap-
aroscopic), and type of fluid drained from the abdominal
cavity (abscess, blood, clear fluid, etc.) were reviewed.

The analysis was carried out using the SPSS statisti-
cal software. Frequency descriptors, chi-squared test, and
correlation analysis were used. Statistical significance was
established at p < 0.05.

RESULTS

3,698 patients diagnosed with acute appendicitis under-
went surgery from 2015 to 2019. 76.7% of surgeries were
laparoscopic (2,837/3,698). 37.2% of appendicitis cases
(1,376/3,698) were advanced (American Association for
the Surgery of Trauma [AAST] classification grades II-V).
76 patients (30 girls and 46 boys; 2.05% of the total) under-
went re-intervention.

Mean patient age is featured in table I. No statistically
significant differences in terms of age at appendectomy
were found between patients requiring re-intervention and
patients not requiring re-intervention (p > 0.05).

Mean appendectomy operating time was 50.4 minutes.
No statistically significant differences were found between
laparoscopy (49.8 + 20.1 minutes) and open surgery (49.9
+ 20.1 minutes). However, statistically significant differ-
ences were observed when comparing operating times in
patients requiring re-intervention (68.6 + 27.2 minutes) vs.
patients not requiring re-intervention (49.1 £+ 19.3 minutes)
(p < 0.001). Mean re-intervention time was 86.3 + 25.3
minutes.

The causes of review at the operating room included
38 intra-abdominal infections, 20 intestinal obstructions, 8
surgical wound infections, 4 incisional hernias, 2 bleeding
cases, 1 stump complication, 1 pleural effusion, 1 ventric-
uloperitoneal shunt replacement, and 1 suspected invag-
ination.
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Table II.  Approach used at appendectomy and at re-interven-

tion in the 76 patients undergoing re-intervention.

Approach at appendectomy Approach at re-intervention

45 laparoscopic 27 laparoscopic

22 open 26 open

9 conversions 22 ultrasound-guided

drainages

1 thoracic drainage

72.7% of laparoscopic re-interventions and 67.7% of open re-inter-
ventions were carried out using the same approach as at baseline
appendectony.

The approach used at appendectomy and re-intervention
in the 76 patients requiring the latter is featured in table II.

Baseline approach — open or laparoscopic — had no
significant influence on the risk of re-intervention (OR:
1.04, 95% CI: 0.57-1.9). However, obstruction rate was
0.3% following laparoscopic appendectomy vs. 11.6%
following open appendectomy (p > 0.05).

35.5% of re-interventions were laparoscopic, 34.2%
were open, 28.9% were ultrasound-guided drainages, and
1.3% were thoracic drainages. Minimally invasive tech-
niques (50/76) were more frequent than open techniques
(p <0.05). There was a tendency to use the same approach
both at appendectomy and re-intervention — this occurred
in 72.7% of laparoscopic appendectomies and 67.7% of
open appendectomies.

Intra-abdominal infections were healed using a mini-
mally invasive approach in 94.7% of cases (16 laparosco-
pies and 20 ultrasound-guided drainages, 36/38) (p < 0.05).
Of the 20 re-interventions performed as a result of obstruc-
tion, 11 were open and 9 were laparoscopic (p > 0.05).

Figure 1 features appendicitis progression in the 76
patients requiring re-intervention.

Appendicitis progression did have an influence on
re-intervention rates, since 7.8% of advanced appendici-
tis cases underwent re-intervention vs. 0.7% of incipient
appendicitis cases (OR: 12.52, 95% CI: 6.18-25.3).

Median time to re-intervention was 9 days (R: 2-230
days), with no significant differences between laparoscopic
and open appendectomy (mean: 26 + 56.3 and 15.9 + 30.5
days, respectively, p > 0.05). Follow-up period was 22-80
months. 52/76 re-interventions (68.4%) were carried out
during the same hospital stay, and 24/76 (31.6%) required
re-admission. 7 patients underwent re-intervention more
than once. Total hospital stay was 15.4 + 11.3 days (R:
1-93 days) per patient. Mortality rate was 0% in the group
of patients undergoing re-intervention.

DISCUSSION

Appendectomy is the most frequent surgical proce-
dure at pediatric surgery departments. However, very few
studies analyze complications requiring surgery. Badrin et
al.® published the first meta-analysis on re-interventions
following appendectomy in adults in 2020, but no pediatric
studies were found in the literature reviewed.

The surgical approach of acute appendicitis can be
either open or laparoscopic. In spite of the multiple stud-
ies available comparing both techniques24%), there is no
consensus as to whether one or the other should be the
approach of choice. However, as evidenced in our study,
the minimally invasive approach is more frequent today
(70-80% vs. < 20% in 2000®)). The advantages of the lapa-
roscopic technique, which have been extensively described
in the literature(24%), are no longer an issue of discus-
sion. They include less postoperative pain, shorter hospital
stay®, lower wound infection and incisional hernia rates,
earlier patient mobilization, and better esthetic results.
There seem to be no differences between three-port lapa-
roscopy, single-port laparoscopy, and hybrid approaches®.

Contrarily to the literature reviewed, no differences
were found in our series in terms of operating times
or intra-abdominal infection rates between both tech-
niques®9. Re-intervention rate was not impacted by the
baseline approach used, but it was by appendicitis pro-
gression, consistent with the literature published®10-12. A
re-intervention rate 4.6 times® higher has been described

Figure 1. Appendicitis progression

1 in the 76 patients undergoing re-in-

‘ Appendicitis progression ‘
[
J l
\ 67 advanced (88,2%) \ 9 incipient (11,8%)
\ (ASST grade 1)
v !
14 gangrenous
(ASST grade 2)
! !
19 with local 18 con absceso 16 con peritonitis
contamination periapendicular generalizada
(ASST grade 2) (ASST grade 4) (ASST grade 5)

tervention. Most re-interventions
(88.2%) were carried out in advanced
(gangrenous or perforated) acute ap-

pendicitis cases.
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in AAST grades ITI-V(3 (perforated appendicitis). This
is also the case with operating times, which seem to be
correlated with appendicitis progression but not with the
surgical technique used®'V.

Overall re-intervention rate in our series was 2.05%,
consistent with the literature reviewed (0.2-14.2%)G-14.15,
In our extensive sample, the most frequent complication
requiring surgery or ultrasound-guided drainage was
intra-abdominal infection (50% of re-interventions), fol-
lowed by intestinal obstruction (26.3%). This is consistent
with most series reviewed in terms of order, but not of
percentages, with higher intra-abdominal infection rates
(60-90%)236.11.16-18) Intestinal obstruction following appen-
dectomy is seemingly more frequent in children than in
adults.

Most postoperative abscesses were susceptible of
percutaneous drainage (20/38), whereas the least acces-
sible ones were managed laparoscopically (16/38)16:17.19),
Given the high frequency and the many implications of
intra-abdominal infections following appendectomy and
their correlation with appendicitis progression, it is cru-
cial to protocolize follow-up and antibiotic therapy, which
would optimize results when dealing with this complica-
tion. Fewer intra-abdominal infections could lead to fewer
re-interventions®.

Intestinal obstruction, which is the second most fre-
quent reason for re-intervention, is a hardly predictable
complication, with peak incidence occurring in the first two
years following surgery®. Adhesions are a risk inherent
to abdominal surgery, but adhesion rates vary according
to the type of surgery and the approach used®. Intestinal
diversion and intestinal reconstruction are associated with
higher postoperative obstruction rates. However, appendec-
tomy — and especially laparoscopic appendectomy — has
one of the lowest obstruction rates, which are strongly
related to advanced appendicitis®20. The irrigation of
anti-adhesive substances has not demonstrated to reduce
incidence. Most obstructions respond to conservative
treatment, but occasionally, they require re-intervention.
In obstructions caused by the presence of adhesions, lap-
aroscopy is associated with significantly high conversion
rates and requires advanced laparoscopic skills®. There-
fore, re-interventions are typically open (55% in our series,
similar to the literature published®!7), regardless of the
baseline approach used.

In our study, there was a tendency to use the same
approach both at baseline appendectomy and re-interven-
tion — this occurred in 72.7% of laparoscopic appendec-
tomies and in 67.7% of open appendectomies. However,
overall, 65.7% of re-interventions were minimally invasive
(50/76, including both laparoscopies and ultrasound-guided
drainages). In our environment, Castro et al.®, as well
as other authors specialized in adult patients!>!16.2D, claim
laparoscopy is a safe and effective technique for the surgi-
cal treatment of complications, regardless of the baseline
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approach used. Indeed, many studies support the use of
laparoscopy as an effective tool following both open and
laparoscopic surgery. This is also the case with patients
who recently underwent open surgery, where reducing the
additional surgical trauma caused by a new open surgery
is key®182D. Our study seemingly confirms this.

Recent studies?? have found a clinically significant
reduction in the risk of re-intervention following appen-
dectomy in children treated at specialized pediatric sur-
gery institutions and at institutions with greater amounts
of patients. It is important to understand and study the
reason for re-intervention in order to optimize acute appen-
dicitis management, approach, and results in the pediatric
population.
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