
ORIGINAL RESEARCH Open Access

Aiming for minimally invasive treatment of
pediatric acute appendicitis in a district
hospital
Toshiro Kimura1,2* , Yoshikazu Toyoki1, Aika Ichisawa1, Takahiro Yamada1, Yusuke Wakasa1, Hiroyuki Jin1,
Makoto Nakai1, Kazunori Aoki1, Hiroaki Kawashima1 and Masaaki Endo1

Abstract

Background: Appendicitis is the most common cause of acute abdomen. Although emergency surgery used to be
the standard treatment for both simple and complex appendicitis, there are now options for interval surgery,
laparoscopic surgery, and even non-surgical treatment. In this study, we aimed to establish better treatment
strategies for pediatric acute appendicitis and to find out whether minimally invasive treatment is superior to the
traditional open approach. We retrospectively reviewed the cases of acute appendicitis treated in our hospital
during the period from 2013 to 2018. The patients who underwent appendectomy were divided into four groups.
Group 1 underwent early appendectomy with open approach, group2 underwent interval appendectomy with
open approach, group 3 underwent early appendectomy with laparoscopic approach, and group 4 underwent
interval appendectomy with laparoscopic approach. In addition to the above groups, the non-surgical treatment
group was also studied. Clinical presentation, laboratory findings, imaging results, operative time, morbidity, and
length of hospital stay were reviewed.

Results: One hundred six children’s records were reviewed. Thirty-five of them were selected for non-surgery as
they were cases with no fecal stone and first onset appendicitis, and 15 of these 35 patients (42.9%) relapsed after
antibiotic treatment. As for the appendix diameter, the relapse group was significantly larger than the non-relapse
group (p=0.007). In cases of surgery, group 4 had significantly less intraoperative blood loss than group 1 (p<0.001).
Group 4 had significantly fewer postoperative complications than groups 1 and 2 [group 4 vs. group 1 (p=0.009),
group 4 vs. group 2 (p=0.034)]. The postoperative hospital stay in groups 2 and 4 were significantly shorter than
group 1 [group 1 vs. group 2 (p=0.015), group 1 vs. group 4 (p<0.001)]. On the contrary, group 1 had significantly
shorter total hospital stay than groups 2 and 4 [group 1 vs. group 2 (p=0.029), group 1 vs. group 4 (p<0.001)].

Conclusion: Interval laparoscopic appendectomy and non-surgical treatment were safe and effective in children.
From the viewpoint of avoiding unnecessary emergency surgery and prolonged hospitalization, we believe that
interval laparoscopic appendectomy or non-surgical treatment should be performed after identifying patients who
do not require surgery, paying attention to the risk factors for relapse.
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Background
Acute appendicitis is one of the most common surgical
emergencies seen in children [1]. The lifetime risk of de-
veloping appendicitis is 7.7% [1, 2]. Appendicitis is an in-
flammation of appendix. If untreated, the appendix may
rupture, leading to complications such as abscess forma-
tion, paralytic ileus, and sepsis [3].
Appendectomy has been considered as an effective

and safe treatment for acute appendicitis. Although ur-
gent surgery has been considered as the standard treat-
ment, the timing of an appendectomy varies from
hospital to hospital and surgeon to surgeon [4–8]. Some
perform an early appendectomy (EA), while others treat
with initial antibiotics, followed by an interval appendec-
tomy (IA) 4 to 8 weeks later. Although the latter approach
is thought to reduce the complication rate and reduce the
incidence of extensive resection (ileocecal resection or
right hemicolectomy), a review of the literature comparing
EA versus IA has shown mixed results [4, 5]. However, in
recent year, the dogma that surgery is required has chan-
ged, and there are growing literatures suggesting that anti-
biotics without surgery may be an effective treatment for
acute appendicitis in children [9–11].
Appendectomy can also be performed by open or lap-

aroscopic techniques. Since its introduction into clinical
practice in 1983, laparoscopic appendectomy (LA) has
proven to be a feasible and safe procedure and has
gained worldwide acceptance [12, 13]. The advantages of
LA are considered to be less postoperative pain, early
discharge, less wound infection, better cosmetic results,
and faster return to normal school and daily life [14–
20]. However, several retrospective studies, randomized
studies, and meta-analyses comparing open appendec-
tomy (OA) and LA have shown mixed results [21–25].
While there are various treatment options for pediatric

acute appendicitis, it is very important to investigate
safer and less burdensome treatment strategies. To es-
tablish a better treatment strategy for pediatric acute ap-
pendicitis, we compared and evaluated the outcomes of
non-surgical treatment with antibiotics and surgical
treatment with various methods as described above for
pediatric acute appendicitis in a district hospital in terms
of patient’s data, operative time, morbidity, and length of
hospital stay (LOS). Then, we aimed to find out whether
minimally invasive treatment is superior to the trad-
itional open approach in the treatment of children.

Methods
We included patients (age <15 years) who were diag-
nosed and treated for acute appendicitis in the Depart-
ment of Surgery, at author’s institute between January
2013 and December 2018. The study was performed in
accordance to the ethical principles of the Declaration of
Helsinki and has been approved by our hospital Ethics

Committee (reference number: 2020 - 01). The study in-
cluded 106 children with a diagnosis of acute appendi-
citis obtained by clinical assessment and confirmed by
laboratory blood tests and ultrasonography (US) and/or
computed tomography (CT). We analyzed each patient’s
data including age, gender, white blood cell (WBC)
counts, C-reactive protein (CRP) level at admission,
pediatric appendicitis score, and CT findings (appendix
diameter, fecal stone, and abscess formation).
According to the surgical approach, the patients were

divided into four groups. Group 1 underwent EA with
open approach (EOA), group 2 underwent IA with open
approach (IOA), group 3 underwent EA with laparo-
scopic approach (ELA), and group 4 underwent IA with
laparoscopic approach (ILA). In our institution, we in-
troduced IA for the treatment of acute appendicitis in
2015 and LA in 2016. We have now introduced ILA as
the standard treatment for simple and complicated cases
of acute appendicitis. These four groups were compared
in terms of operative time, postoperative complications
(surgical site infection, paralytic ileus, remnant abscess,
and others), and postoperative and total LOS. Pediatric
appendicitis score [26] was calculated in all patients. Al-
though EOA was the standard treatment for acute ap-
pendicitis before 2014, with the introduction of IA and
LA, the timing and methods of surgery have changed.
Currently, conservative treatment with antibiotics is the
first choice, except in cases of acute pan-peritonitis or in
cases of severe inflammation with extensive abscess for-
mation at the time of initial diagnosis. Patients who
started conservative treatment were treated with single
or double intravenous antibiotics (cefmetazole or tazo-
bactum/piperacillin±metronidazole) until WBC counts
and CRP level reached almost normal and the patient
became afebrile. In all cases of intra-abdominal ab-
scesses, repeated US was routinely performed for evalu-
ation of the abscess. If intra-abdominal abscesses
increased or abdominal symptoms worsened after initi-
ation of treatment, we performed early appendectomy
during hospitalization. Since there are many reports that
fecal stones are a risk factor for perforation [27] and re-
lapse [28–31], and that the risk of relapse increases with
each relapse [32], IA was not performed in cases of no
fecal stones and in cases of first-onset appendicitis. IA
was performed after the antibiotic treatment described
above in cases with fecal stones and/or cases of relapse.
As there was no clear definition for the relapse of appen-
dicitis, we defined relapse as the recurrence of inflamma-
tion within 1 year of the initial appendicitis.
Laparoscopic procedures were performed according to

a standardized technique using three trocars, one 10
mm and two 5 mm, and 3-grade, 5-mm rigid scope.
After achieving pneumoperitoneum, adhesion and
mesoappendix were dissected and appendicular root was
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secured using two endoloops (Vicryl Endoloop-0, Ethicon
Endo-Surgery, Cincinnati, Ohio, USA). Although Har-
monic® scalpel (Ethicon Endo-Surgery, Cincinnati, Ohio,
USA) was sometimes used in cases of severe adhesions,
such cases were very rare. We adopted single inci-
sional transumbilical laparoscopic-assisted appendec-
tomy (TULAA) [33] in a mild appendicitis without
abscess formation. We developed a modified TULAA
technique, gasless-TULAA, which involves lifting the
abdominal wall with a retractor, without pneumoperi-
toneum and another incision. A 1.5-cm vertical trans-
umbilical incision was made within the umbilical
dimpling, and wound protector was applied to the in-
cision site. After intraperitoneal examination without
pneumoperitoneum, the appendix was clamped with a
5-mm grasper and pulled through the transumbilical
incision, and then appendectomy was performed.
Statistical analysis was performed by Mann-Whitney U

test and Kruskal-Wallis test using the Microsoft Excel
for Windows Version 1908 (Microsoft Corporation). A p
value < 0.05 was considered statistically significant.

Results
One hundred six children (age <15 years) were included
in the study. Fifty-four patients underwent EA while 52
received antibiotic treatment. Of these 52 patients, 17
underwent IA according to our treatment algorithm for
acute appendicitis. The mean duration from discharge to
IA was 70.5 days. The remaining 35 patients were
treated with antibiotics followed by no surgery. There
were not any no-show patients among them, and all of

them could be followed up to see whether they had re-
lapsed or not. Fifteen of these patients had relapse of ap-
pendicitis and underwent IA after another round of
antibiotic treatment (Fig. 1).
Of note, for the 35 patients who did not undergo sur-

gery after antibiotic treatment, there were significant dif-
ferences in WBC counts (15.8 ×103/μl vs. 11.1 ×103/μl; p=
0.006), appendix diameter (10.3 mm vs. 7.8 mm; p=0.007)
and pediatric appendicitis score (6.3 vs. 4.4; p<0.001) be-
tween the two groups with and without relapse. There
was also a significant difference in LOS between the two
groups (7.4 days vs. 4.4 days; p=0.015). The mean appen-
dix diameter of the 52 cases treated conservatively at our
hospital was 9.6 ± 5.1 mm. Setting a cutoff value of 10
mm, the percentage of cases with an appendix diameter
≥10 mm was significantly higher in the relapse group than
in the non-relapse group [9/15 (60%) vs. 1/20 (5%); p<
0.001] (Table 1). Furthermore, the relapse rate was signifi-
cantly higher in cases with an appendix diameter ≥10 mm
[9/10 (90%) vs. 6/25 (24%); p<0.001] (Fig. 2).
The patients who underwent appendectomy were di-

vided into four groups. There were 49 patients in group
1, 6 patients in group 2, 5 patients in group 3, and 26
patients in group 4. There were no significant statistical
differences in demographic data (age, gender), preopera-
tive laboratory values (WBC counts, CRP level), pediatric
appendicitis score, and CT findings (appendix diameter,
fecal stone, and abscess formation) between the four
groups (Table 2).
In the open approach, a single incision in the lower

right section (alternate incision or pararectal incision) or

Fig. 1 Flowchart on treatment for pediatric acute appendicitis. Fifty-four (50.9%) patients received EA while 52 (49.1%) received antibiotic
treatment. Of these 52 patients, 17 underwent IA in accordance with our treatment algorithm for acute appendicitis. The remaining 35 patients
were treated with antibiotics followed by no surgery. Fifteen (42.9%) of these patients had a relapse of appendicitis and underwent IA after
another round of antibiotic treatment
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lower midline (median incision) was made. Each surgeon
decided the incision procedure. In the laparoscopic ap-
proach, we performed gasless-TULAA in many cases
safely. No open conversion was observed in groups 3
and 4.
The mean operative time were 66.2 min in group 1,

51.8 min in group 2, 92.8 min in group 3, and 54.8 min in
group 4, with no statistically significant difference (p=
0.061) as shown in Fig. 3a. There was a significant differ-
ence in intraoperative blood loss between groups 1 and 4
[group 1: 32.6 g vs. group 4: 3.85 g (p<0.001)] (Fig. 3b).
The total postoperative complication rate was 13.9% (11/
86) in this cohort. Group 4 had significantly fewer

complications than groups1 and 2 [group 4: 0 vs. group 1:
11 (p=0.009), group 4: 0 vs. group 2: 1 (p=0.034)] (Fig. 3c).
Group 1 had significantly longer postoperative LOS

than groups 2 and 4 [group 1: 7.7 days vs. group 2: 4.5
days (p=0.015), group 1: 7.7 days vs. group 4: 2.7 days
(p<0.001)] (Fig. 4a). On the contrary, group 1 had sig-
nificantly shorter total LOS than groups 2 and 4 [group
1: 10.2 days vs. group 2: 19.5 days (p=0.029), group 1:
10.2 days vs. group 4: 15.5 days (p<0.001)] (Fig. 4b).

Discussion
In this retrospective comparative analysis, ILA in children
was found to be a safe and effective surgical procedure,
with a low frequency of postoperative complications and a
short postoperative LOS. However, the total LOS was sig-
nificantly longer in groups 2 and 4, i.e., those who under-
went IA. Although there was no statistically significant
difference, patients who underwent ELA had no postoper-
ative complications and tend to have shorter postoperative
and total LOS.
Several earlier studies have reported the superiority of

LA over OA in terms of faster postoperative recovery
[25, 34], lower complication rates [21, 35], and shorter
LOS [36, 37]. In addition, meta-analyses of several retro-
spective studies showed that IA was associated with
fewer complications [38]. However, a recent prospective
study reported that patients treated with EA had fewer
adverse events than those treated with IA [5]. Another
prospective study showed that EA did not significantly
increase the complication rate and contributed to a de-
crease in radiation exposure and fewer health care visits
[5, 39]. These reports suggest that ELA may be a safer
and less burdensome option for children. Several reports
have recommended ELA as the standard treatment for
acute appendicitis [5], and Badru et al. reported that

Table 1 Clinical presentation of patients without surgery after antibiotic treatment: relapse (+) vs. relapse (−)

Relapse (+) Relapse (−) p

n (boy/girl) 15 (12/3) 20 (8/12) 0.018

Age (years) (range) 12.6±1.2 (9-15) 11.4±1.3 (6-15) 0.95

WBC (×103/μl) (range) 15.8±4.6 (7.5-25.0) 11.1±4.8 (4.1-26.4) 0.006

CRP (mg/dL) (range) 5.1±5.8 (0.1-20.8) 3.0±1.8 (0.9-6.5) 0.197

Appendix diameter (mm) (range) 10.3±3.2 (7-20) 7.8±2.0 (6-14) 0.007

Appendix diameter (≥10 mm) 9 (60%) 1 (5%) <0.001

Pediatric appendicitis score (range) 6.3±1.1 (4-8) 4.4±1.8 (2-7) <0.001

Length of hospital stay (day) (range) 7.4±3.0 (4-16) 4.4±3.5 (0-9) 0.015

Interval to relapse (day) (range) 99±51.1 (21-204)

WBC White blood cell, CRP C-reactive protein
Of the 35 patients who did not have surgery after antibiotic treatment, there were significant differences in WBC counts [relapse (+): 15.8 ×103/μl vs. relapse (−):
11.1 ×103/μl (p=0.006)], appendix diameter [relapse (+): 10.3 mm vs. relapse (−): 7.8 mm (p=0.007)] and pediatric appendicitis score [relapse (+): 6.3 vs. relapse (−):
4.4 (p<0.001)] between the two groups of patients with and without relapse. There was also a significant difference in LOS between the two groups [relapse (+):
7.4 days vs. relapse (−): 4.4 days (p=0.015)]. Setting a cutoff value of 10 mm, the relapse group had a significantly higher percentage of cases with appendix
diameters ≥10 mm than the non-relapse group [9/15 (60%) vs. 1/20 (5%); p<0.001]

Fig. 2 Rate of relapse according to the appendix diameter. Nine of
the 10 patients (90%) with appendix diameter ≥10 mm relapsed,
and 6 of the 25 patients (24%) with appendix diameter <10 mm
relapsed, with a statistically significant difference between the two
groups (*p<0.001)
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complicated appendicitis with small abscesses and short
duration of disease can be discharged early without com-
plications with early surgery [40].
Although we did not perform appendectomy in cases

without fecal stones or first-onset appendicitis, only 20
cases (57.1%) were spared from surgery. We defined a
relapse of appendicitis as a recurrence of inflammation
within 1 year of initial appendicitis, and the above 20

cases did not relapse after more than 1 year of follow
up. The mean duration from the initial onset to relapse
in the 15 patients who with relapse was 99 days (range,
21-204 days), indicating the validity of a 1-year follow-
up period. Although there were no postoperative com-
plications in patients who underwent ILA, relapse is one
of the perioperative complications of ILA since it is
caused by prior drug treatment. Therefore, a more

Table 2 Baseline characteristics of patients undergoing appendectomy

Group 1 2 3 4 Total

n (boy/girl) 49 (40/9) 6 (3/3) 5 (3/2) 26 (14/12) 86 (60/26)

Age (years) (range) 11.1±2.9 (5-15) 11.0±2.2 (8-15) 13.3±1.2 (12-15) 11.7±2.8 (5-15) 11.3±2.8

WBC (×103/μl) (range) 16.5±5.4 (6.8-31.9) 15.8±2.3 (13.5-19.3) 13.3±2.1 (9.7-14.9) 15.0±4.3 (5.6-23.5) 15.8±4.8

CRP (mg/dl) (range) 6.8±7.4 (0.01-30.8) 5.8±3.8 (1.8-10.8) 4.1±5.9 (0.1-13.9) 7.3±7.8 (0.1-25.3) 6.7±7.2

Appendix diameter (mm) (range) 11.9±4.4 (5-26) 9.2±3.2 (4-13) 11.2±3.3 (8-16) 11.1±6.5 (5-40) 11.5±5.0

Fecal stone (%) 36 4 2 15 57 (66.3)

Abscess formation (%) 9 2 2 3 16 (18.6)

Pediatric appendicitis score (range) 5.9±1.6 (3-8) 6.1±0.8 (5-7) 6.2±0.8 (5-7) 5.8±1.6 (3-8) 5.9±1.5

WBC White blood cell, CRP C-reactive protein
There were no significant statistical differences in demographic data (age, gender), preoperative laboratory values (WBC counts, CRP level), pediatric appendicitis
score, and CT findings (appendix diameter, fecal stone, and abscess formation) between the four groups

Fig. 3 Comparison of the postoperative characteristics. a Comparison of the mean operative time. The mean operative time were 66.2±25.9 min
(range 30-123 min) for group 1, 51.8±18.3 min (range 33-84 min) for group 2, 92.8±99.4 min (range 31-269 min) for group 3 and 54.8±27.9 min
(range 27-147 min) for group 4, with a no statistically significant difference (p=0.061). b Comparison of the amount of intraoperative blood loss.
The average value of group 1 was 32.6±66.1 g (range 2-255 g), group 2 was 8.33±10.1 g (range 2-25 g), group 3 was 41.6±88.5 g (range 2-200 g)
and group 4 was 3.85±9.41 g (range 2-50 g). A significant difference was observed between groups 1 and 4 (*p<0.001). c Comparison of the
postoperative complications. Group 4 had a significantly lower number of complications than groups 1 and 2 [group 4: 0% vs. group 1: 22.4%
(*p=0.009), group 4: 0% vs. group 2: 16.7% ( p=0.034)]
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accurate assessment of the risk of relapse of appendicitis
is important to make ILA and non-surgical treatment
the standard treatment strategy for appendicitis.
There have been several reports on the association be-

tween appendix diameter and relapse [41–43], and in our
study, the appendix diameter was significantly larger in
the relapse group. Furthermore, the relapse rate was sig-
nificantly higher in patients with an appendix diameter
≥10 mm, suggesting that appendix diameter may be a risk

factor for relapse of appendicitis. Based on these results,
we decided to add an appendix diameter ≥10 mm to the
criteria for surgical indications (Fig. 5).
We had a major limitation of being a retrospective and

non-randomized comparison, as it was clear that the surgi-
cal trend in the treatment of acute appendicitis at our hos-
pital had shifted from early to interval surgery and from
open to laparoscopic approach. In the IA group, cases of
acute pan-peritonitis or severe inflammation were excluded,

Fig. 4 Comparison of the length of hospital stay. a Comparison of the postoperative hospital stay. Mean postoperative hospital stay were 7.7±4.7 days
(range 3-33) in group 1, 4.5±1.4 days (range 3-6) in group 2, 4.0±1.9 days (range 2-7) in group 3, and 2.7±0.8 days (range 2-5) in group 4, with statistically
significant difference between groups 1 and 2 ( p=0.015), and groups 1 and 4 (*p<0.001). b Comparison of the total hospital stay. Mean total hospital
stay were 10.2±5.6 days (range 4-34 days) in group 1, 19.5±10.9 days (range 12-38 days) in group 2, 7.8±4.1 days (range 3-13 days) in group 3, and 15.5±5.5
days (range 9-30 days) in group 4, with statistically significant difference between groups 1 and 2 ( p=0.029), and groups 1 and 4 (*p<0.001)

Fig. 5 Therapeutic algorithm for treatment of acute appendicitis. Conservative treatment with antibiotics is the first choice, except in cases of
acute pan-peritonitis or severe inflammation with extensive abscess formation at the time of initial diagnosis. Early surgery may also be
performed if it is determined that antibiotic treatment is not curative. IA is performed after antibiotic treatment in cases with fecal stones,
appendix diameter ≥10 mm, and recurrent cases
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while not in the EA group. Although this criterion could
lead to significant bias in comparison with other groups,
the effect was considered relatively small as the basic pa-
tient background was not statistically significant among the
four groups, as shown in Table 2.
In addition, insufficient number of ELA cases was also

considered to be one of the limitations of this study. If
the number of ELA cases increases sufficiently, results
showing the usefulness of ELA could be obtained. Pro-
longed LOS can be a heavy burden not only on the chil-
dren but also on their families. In hospitals where urgent
surgery is available, ELA can be the first choice of treat-
ment, but it can be difficult in rural city hospitals.
Although we had 6 surgeons who were always available
for emergency surgery, we had only 2 full-time anesthe-
siologists, and we were not always ready for emergency
surgery. In an under-staffed hospital described above,
conservative treatment followed by surgery 4 to 8 weeks
later is a practical strategy. Although we were unable to
perform emergency surgery due to the various restric-
tions described above, in the future, we should consider
the option of performing LA 2 to 3 days after admission.
Persistent presence of fecal stone has been reported to

be associated with a significantly higher relapse rate
(66.7%) [44]. Although this indicates that the risk of re-
lapse may vary widely depending on patient factors, meta-
analyses have reported recurrence rates of 5-29% [45] and
0-28.6% [46] for acute uncomplicated appendicitis treated
non-surgically. Considering the fact that relapse is rela-
tively rare in patients with appendicitis treated non-
surgically at first occurrence, our strategy of treating acute
appendicitis with antibiotics as a first choice and perform-
ing surgery in case of relapse seems to be appropriate.
Furthermore, non-surgical treatment has been reported

to be successful in 97% of children [46], indicating the
safety of antibiotic treatment for acute uncomplicated
appendicitis. Most importantly, we should recognize that
urgent surgery is an excessive invasion for children who
may not require appendectomy.

Conclusions
We proved that ILA is safe with few postoperative compli-
cations. In addition, many children were spared from sur-
gery, suggesting that non-surgical treatment is also a
worthwhile option for the treatment of acute appendicitis.
It is also very important to accurately assess the risk of re-
lapse for further improvement of the efficacy of our current
ILA and non-surgical treatment. For children, it is very im-
portant to avoid unnecessary surgery. Our treatment strat-
egy is to treat acute uncomplicated appendicitis with
antibiotics, then identify patients who do not require sur-
gery with attention to risk factors for relapse, and then con-
tinue to perform ILA for those who are indicated for
surgery.
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