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Abstract
Background Appendiceal mass and abscess and its treatment are associated with significant morbidity and high costs. Still, 
the optimal treatment strategy is the point of debate. Therefore, this systematic review and meta-analysis aimed to compare 
overall complications between initial non-operative treatment (NOT) and early appendectomy (EA) in children with appen-
diceal mass and/or abscess.
Methods Pubmed and Embase were searched. Only randomized controlled trials and prospective or historical cohort studies 
that compared NOT with EA in children with appendiceal mass or abscess in terms of complications were eligible for inclu-
sion. Risk of bias was assessed. Primary outcome was the overall complication rate. Secondary, length of stay and readmis-
sion rate were investigated. A meta-analysis of overall complications associated with both treatment strategies was performed.
Results 14 of 7083 screened studies were selected, including 1022 children in the NOT group and 333 in the EA group. 
Duration of follow-up ranged between four weeks and 12 years. Risk of bias was moderate in four and serious in 10 studies. 
NOT was associated with a lower overall complication rate (risk ratio (RR) 0.37 [95% confidence interval (CI) 0.21–0.65]). 
However, NOT led to increased length of stay (mean difference varied between 0.2 and 8.4 days) and higher readmission 
rate (RR 1.75 [95%CI 0.79–3.89]), although not significantly. Interval appendectomy after NOT was performed as a routine 
procedure in all but one study. This study found a recurrence rate of 34% in a group of 38 patients during a follow-up period 
of 3.4 ± 1.7 years.
Conclusion NOT may reduce the overall complication rate compared to EA, but the evidence is very uncertain. As evidence 
is scarce, and of low level, and heterogeneity between studies is substantial, the results should be interpreted with caution. 
Large prospective studies are needed to determine the optimal treatment strategy for children with appendiceal mass and/
or abscess.
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Background

In the pediatric population, complex appendicitis is com-
mon, especially in children < 7 years old [1]. Approximately 
35% of children with acute appendicitis present with the 

complex form. Although a uniform definition of complex 
appendicitis is lacking, in most studies it represents a spec-
trum ranging from gangrenous appendicitis to perforated 
appendicitis with generalized peritonitis. Generally, com-
plex appendicitis can be divided into two main subgroups: 
without appendiceal mass and/or abscess (75%) and with 
appendiceal mass and/or abscess (25%) [1].

In general, complex appendicitis and its treatment are 
associated with significant morbidity (complications occur-
ring in up to 30% of patients), prolonged length of hospital 
stay, and high costs [2]. Heterogeneity in the treatment of 
children with an appendiceal mass and/or abscess (e.g., ini-
tially non-operative treatment versus early appendectomy) 
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still exists in daily practice. Some (pediatric) surgeons prefer 
initially non-operative treatment consisting of intravenous 
antibiotics (with or without percutaneous drainage), since 
this strategy is associated with less complications [3]. Oth-
ers favor early appendectomy because a second trip to the 
hospital in order to perform an interval appendectomy can 
be avoided and, if the interval appendectomy is not per-
formed as same day procedure, a shorter length of hospital 
stay is expected. This is one of the main reasons why early 
appendectomy is recommended by the Dutch guideline on 
the diagnosis and treatment of acute complex appendici-
tis as well [4]. This recommendation is merely based on 
expert opinion and in contrast to the limited and low-quality 
evidence.

In 2010 Simillis et al. published a meta-analysis that 
focused specifically on the treatment of appendiceal mass 
and abscess in both the adult and pediatric population. This 
meta-analysis could only include eight low-quality studies in 
the pediatric population and found that initial non-operative 
treatment was associated with a lower rate of overall com-
plications (OR 0.21: 95%CI 0.11–0.38), wound infections 
(OR 0.22: 95%CI 0.07–0.66), and abscess formation (OR 
0.11: 95%CI 0.04–0.35) compared to early appendectomy 
[3]. Since then, additional studies regarding the treatment 
of appendiceal mass and abscess in the pediatric population 
have been published that might provide novel insights [5, 6].

Therefore the aim of this systematic review and meta-
analysis is to provide a complete overview of available 
literature regarding the treatment of the specific group of 
children presenting with appendiceal mass and abscess 
(identified according to predefined criteria) and to evaluate 
the effect of initial non-operative treatment (iv antibiotics 
with or without percutaneous drainage) (NOT) compared 
to early appendectomy (EA) on the rate of complications.

Methods

The protocol of this systematic review and meta-analysis 
was registered at PROSPERO: International prospective 
register of systematic reviews with identification num-
ber CRD42018083522. This systematic review and meta-
analysis was reported according to the Preferred Reporting 
Items for Systematic reviews and Meta-analysis (PRISMA) 
guidelines [7]. Ethical approval and written informed con-
sent were not required, as this study only analyzed previ-
ously published data.

Type of studies

All studies comparing EA with initial non-operative treat-
ment for the management of appendiceal mass or abscess in 
children younger than 18 years were eligible for inclusion. 

Randomized controlled trials, prospective cohort stud-
ies and retrospective cohort studies were included in the 
review, whereas case series, case reports, letters to the edi-
tor, and conference abstracts were excluded. Language was 
restricted to English, German, French, and Dutch. Only stud-
ies that reported on our primary outcome, complication rate 
associated with both treatment strategies, were eligible for 
inclusion.

Type of participants

Participants were children (< 18 years old) with complex 
appendicitis with the subtype of appendiceal mass and/or 
abscess. Only studies that defined their population at least 
with the terms ‘appendiceal mass/phlegmon’ or ‘appendiceal 
abscess’ were included. For further specification of these 
terms, definitions used in the original studies were followed.

Types of interventions

Intervention: Initial NOT strategy consisting of administra-
tion of intravenous antibiotics (with or without percutaneous 
drainage) with in-hospital monitoring and administration of 
pain medication followed or not followed by interval appen-
dectomy. Duration and type of antibiotics were not defined.

Comparison: Operative treatment strategy, consisting of 
an immediate (< 48 h after presentation) laparoscopic or 
open appendectomy with perioperative care according to 
local protocol. Studies comparing delayed appendectomy 
(> 48 h after presentation) as primary treatment strategy 
with NOT were excluded.

Search methods

A comprehensive search was performed in the bibliographic 
databases PubMed and Embase.com in collaboration with 
our experienced medical librarian (RV). Databases were 
searched from inception up to November 7th 2019. The fol-
lowing terms were used (including synonyms and closely 
related words) as index terms or free text words: “Appen-
dix”, “Appendectomy”, “Laparoscopy”, “Children”. A 
detailed search strategy is shown in Online Appendix 1. The 
reference lists of all included articles were cross-checked for 
identification of additionally relevant studies.

Study selection and data extraction

Two reviewers (PA, TS) selected eligible articles indepen-
dently; these were initially screened on title and abstract 
according to the predefined inclusion and exclusion crite-
ria. Following this initial selection full texts were screened. 
After final selection of the included articles, two independ-
ent reviewers (PA, TS) extracted data using a predefined 
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data extraction form. Data extraction included the following 
variables, but this list is not exhaustive: general information 
(author, year, methodology, patient characteristics, defini-
tion of appendiceal mass and/or abscess, treatment strate-
gies, follow-up), primary outcome (complication rate), and 
secondary outcomes (i.e., length of hospital stay, recurrent 
appendicitis, and readmission rates). Discrepancies in both 
study selection and data extraction were resolved by con-
sensus, and in case of disagreement a third reviewer was 
consulted (RG). Authors were contacted by email in case 
of missing outcome data. Correspondence did not lead to 
additional data.

Outcomes and definitions

The primary outcome parameter was the overall complica-
tion rate in both treatment groups, defined as the proportion 
of patients experiencing at least one complication.

Complications of NOT included but were not limited to 
failure of NOT, i.e., patients not responding to the initial 
antibiotic treatment (with or without initial percutaneous 
drainage) and thus requiring additional interventions (e.g., 
additional drainage procedures, delayed appendectomy), and 
complications after interval appendectomy (as defined by 
the original authors).

Complications of operative treatment included but were 
not limited to extensive bowel resection and reoperations (as 
defined by the original authors).

Overall complications in both treatment groups included 
but were not limited to intra-abdominal abscess formation 
(IAA), superficial site infection (SSI) and ileus, as defined 
by the original authors.

If possible, complications were listed according to the 
Clavien–Dindo scale [8]. Grade 1: Any deviation from nor-
mal postoperative course without the need for farmacologi-
cal treatment or a surgical/radiological intervention, Grade 
2: Requiring farmacological treatment, Grade 3: Requiring 
surgical/radiological intervention, Grade 4: Life-threatening 
complication requiring ICU-admittance, Grade 5: Death of 
a patient.

Secondary outcomes included initial and total length 
of hospital stay (days) (total length of stay included inter-
val appendectomy), readmission rate (defined as number 
of discharged patients that were admitted to the hospital 
again with complaints related to the previously experienced 
appendicitis), recurrent appendicitis (defined as number of 
patients who experienced symptomatic recurrence of disease 
with histopathologically proven recurrent appendicitis after 
completion of the initial course of antibiotics), number and 
type of imaging studies (ultrasound, Computed Tomography 
(CT), and Magnetic Resonance Imaging (MRI)), usage of 
pain medication (number of doses and type of pain medica-
tion (acetaminophen, non-steroidal anti-inflammatory drugs 

(NSAIDs), and morphine)), unexpected findings during sur-
gery or at histopathological examination, number of surgical 
and/or radiological interventions, and Quality of Life (as 
defined by the original authors).

Risk of bias and quality of evidence assessment

Two reviewers (PA, TA) applied the Cochrane Collabora-
tion’s Risk of Bias Tool 2.0 for randomized controlled trials 
and the Risk Of Bias In Non-randomised Studies of Inter-
ventions (ROBINS-I) tool depending on the study design 
[9, 10]. Specifically bias due to confounding and bias in 
selection of participants were of importance. Bias due to 
confounding was considered low in randomized controlled 
trials, and moderate in prospective cohort studies and retro-
spective cohort studies that adjusted for baseline characteris-
tics. Retrospective cohort studies that did not adjust for base-
line characteristics were assessed as serious risk of bias. For 
all included studies risk of bias due to selection was assessed 
as low, moderate or serious according to the moment that 
patients were diagnosed with appendiceal mass or abscess:

– Low risk of selection bias: all patients included in the 
study were diagnosed with appendiceal mass or abscess 
(by physical examination or imaging) before the start of 
the intervention (i.e., non-operative treatment or early 
appendectomy).

– Moderate risk of selection bias: at least 50% of patients, 
but not all were diagnosed before the start of the inter-
vention. Meaning that less than 50% of patients were 
diagnosed with appendiceal mass or abscess during or 
after the intervention.

– Serious risk of selection bias: less than 50% of patients 
had a diagnosis of appendiceal mass or abscess before the 
start of the intervention. Thus more than 50% of patients 
were diagnosed with appendiceal mass or abscess dur-
ing or after the intervention. Both risk of bias tools were 
applied on the outcome level (overall complication 
rate) independently by the two authors. Conflicts were 
resolved by discussion until consensus. In case of per-
sistent disagreement a third author (RG) was consulted.

Evidence of the studies and their original conclusions 
were rated according to the Oxford Centre for Evidence-
Based Medicine Levels of Evidence Table [11].

Certainty of the evidence and conclusions of this sys-
tematic review and meta-analysis was evaluated using the 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) method. GRADEpro software 
was used to create a Summary of Findings table for all 
pooled outcome measures and sensitivity analyses of stud-
ies at moderate risk of bias. The five GRADE considera-
tions (study limitations, consistency of effect, imprecision, 
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indirectness, and publication bias) were used to grade the 
evidence and conclusions. All decisions to downgrade the 
quality of the evidence were justified using footnotes.

Data analysis

In case less than 50% of included studies reported on one of 
the outcome measures, meta-analyses were not performed. 
Furthermore, if statistical heterogeneity exceeded 70%, it 
was decided not to show the pooled effect estimate. Review 
Manager version 5.3.5 was used for the performance of the 
meta-analyses. The Mantel–Haenszel method was used to 
compute risk ratios and their corresponding 95% CI for 
dichotomous outcomes and to calculate weighted mean dif-
ferences with 95% CI for continuous data. Means and vari-
ances were calculated according to the Cochrane Handbook 
for Systematic Reviews of Intervention [9]. Heterogeneity 
was assessed with the Higgins I2 inconsistency test. When 
I2 was more than 50%, statistical heterogeneity was con-
sidered substantial. Meta-analyses were performed using a 
random-effects model. Publication bias was assessed with 
funnel plots.

Sensitivity analyses were performed to examine the treat-
ment effects on the primary outcome (overall complications) 
excluding studies with serious risk of bias (i.e., perioperative 
selection of patients), studies published before 2000, and 
studies without a well described definition of appendiceal 
abscess or mass. For the secondary outcomes sensitivity 
analyses were limited to studies with low or moderate risk 
of bias, by excluding the studies with serious risk of bias, 
and to studies published after 2000. Studies were divided 
into those reporting on patients presenting with appendiceal 
mass, those focusing on appendiceal abscess, and those ana-
lyzing a combination of both. Subsequently, overall compli-
cations were analyzed for these subgroups of studies.

Additionally an analysis was performed wherein the pri-
mary outcome (overall complication rate) was divided in 
IAA, wound infection, and ileus.

Results

Search

The search yielded 9442 articles, of which 4438 were found 
in Pubmed and 5004 in Embase. After removal of dupli-
cates, 7083 articles were screened for title and abstract and 
220 studies were assessed for full text. 206 articles were 
excluded because of various reasons. Fourteen studies were 
included in the systematic review and meta-analysis [5, 6, 
12–23]. See Fig. 1 for a flowchart of the study selection.

Included studies

The general characteristics of the included studies are shown 
in Table 1. Designs of the studies were one pilot randomized 
controlled trial [6], two non-randomized prospective stud-
ies [5, 18], and 11 retrospective studies [12, 13, 15–23]. 
These 14 studies included 1355 children, of which 333 
were included in the EA group with a median [range] of 19 
patients [7–60] per study and 1022 in the NOT group with a 
median [range] of 32 patients [6–411] per study. The papers 
were published between 1969 and 2016. Follow-up ended 
for most studies after interval appendectomy with a range of 
four [22]—23 weeks [21] after initial NOT [6,12–19.] Two 
studies reported long-term follow-up of 3–12 years [5, 23].

Quality of the studies

The interrater reliability for overall judgment of risk of bias 
was good (86% agreement). In only 14% of cases a third 
author was consulted. The interrater reliability for judging 
the subdomains of the ROBINS-I and Risk of Bias tool 2.0 
was substantial (76% agreement). All studies were assessed 
as moderate to serious risk of bias on the primary outcome 
(overall complication rate) according to the ROBINS-I tool 
and some concerns were expressed according to the Risk of 
Bias tool 2.0 for the study by St Peter (Table 2) [5, 6, 12–23]. 
Bias due to confounding was serious in most cohort studies 
and moderate in only 4 of them [5, 13, 18, 21]. These four 
studies adjusted for baseline characteristics and all partici-
pants were preoperatively selected for inclusion.

Risk of bias in selection of participants was low in eight 
[5, 12–14, 18, 19, 21, 22], moderate in two [16, 20] and seri-
ous in two studies [17, 23].

Evidence and conclusions of the original studies were 
rated as level 2b in 3 studies [5, 6, 18] and level 4 in 11 
studies [12, 13, 15–23].

Primary outcome: Overall complication rate

A total of 1355 patients were included in the analysis, of 
which 1055 were treated initially non-operatively and 333 
underwent EA. In the NOT group 125 of 1022 patients 
(12.2%) experienced a complication. In the EA group a 
complication occurred in 85 of 333 patients (25.5%). Most 
reported complication in the NOT group was failure of NOT 
(80% of patients with a complication). For the EA group 
IAA was the most common complication (48% of patients 
with a complication). Due to the lack of available data it 
was not possible to stratify complications according to the 
Clavien–Dindo scale [8]. Meta-analysis showed that statisti-
cal heterogeneity between studies was substantial (I2 = 48%, 
p = 0.02). (Fig. 2.) The overall complication rate was sig-
nificantly lower for initial NOT compared to EA (RR 0.37 
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[95%CI 0.21–0.64], p = 0.0004) [5, 6, 12–23]. Both the 
sensitivity analysis including only studies published after 
2000 and the sensitivity analysis including only studies that 
further specified their definition of appendiceal abscess and/
or mass (and thus not only mentioned the terms ‘appendiceal 
mass/phlegmon’ or ‘appendiceal abscess’), showed similar 
results [5, 6, 12, 13, 15–18, 20, 21]. When only studies with 
moderate risk of bias were included in the analysis, the effect 
was no longer statistically significant (RR 0.31 [95%CI 
0.09–1.08], p = 0.07) (Table 3) [5, 6, 13, 18, 21].

Subgroup analyses of the primary outcome

Four studies reported specifically on appendiceal mass 
(total 731 patients, NOT n = 680, EA n = 51) [12, 19, 20, 
22]. In this subgroup 94 out of 680 patients (14%) and ten 
out of 51 patients (20%) experienced a complication after 
NOT and EA, respectively. Four other studies focused on 
appendiceal abscess (total 133 patients, NOT n = 71, EA 
n = 62) [6, 13, 21, 23]. Eleven out of 71 patients (15%) 
treated non-operatively and 32 out of 62 patients (52%) 
that underwent EA for appendiceal abscess experienced 
a complication. Therefore in both subgroups NOT was 

associated with a lower risk of overall complications, 
although not significant. The other six studies did not 
specify between appendiceal abscess and mass and thus 
included children with mass, abscess, and both mass and 
abscess (total 491 patients, NOT n = 271, EA n = 220). 
Subgroup analysis of these studies showed a signifi-
cantly lower overall complication rate in the NOT group 
[5, 14–18]. (Table 3, Fig. 3) Complications were further 
divided into IAA, wound infection, and ileus, which were 
the most reported complications. (Table 3, Fig. 3) Risk 
ratio of developing one of these complications was sig-
nificantly lower for the initial NOT group compared to the 
EA group (RR 0.32 [95%CI 0.16–0.63]; RR 0.13 [95%CI 
0.06–0.31]; RR 0.20 [95%CI 0.07–0.54], respectively). 
(Table 3)

Funnel plot

The funnel plot regarding our primary outcome, overall 
complication rate, shows the possibility of some publica-
tion bias. Especially small cohort studies that favor EA are 
missing in current literature. (Online Appendix 3)

Fig. 1  PRISMA flow diagram 
of the study selection
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Grade Evidence table

The certainty of the evidence regarding the overall compli-
cation rate was considered to be very low according to the 
GRADE principles. (Table 4)

Secondary outcomes

Length of hospital stay

Only three studies accurately reported initial length of stay 
of a total of 210 patients (NOT n = 103, EA n = 67) [5, 
18, 20]. The mean initial length of stay varied between 
4.8 and 13.0 days in these populations. The difference in 
initial length of stay varied between 0.1 [20] and 5.9 days 
[18] in favor of the EA group. Only the study of Samuel 
reported a significantly longer initial length of stay for the 
non-operative group.

Total length of hospital stay was reported in nine papers 
and varied between 6.7 [6] and 28.6 days [21] for the NOT 
group and 4.8 [18] and 26.2 days [21] for the EA group 
[5, 6, 12, 13, 15–18, 21]. Mean difference varied between 
0.20 [6] and 8.40 days [18] in favor of the EA group. After 
pooling of the results, statistical heterogeneity was 99% 
and therefore it was decided not to show the pooled effect 
estimate. The considerable heterogeneity could be caused 
by the very small standard deviations that were reported 
in two studies, of which one study found a large mean dif-
ference in length of stay in favor of the EA group [15, 18].

However, if only studies with moderate risk of bias 
were included, statistical heterogeneity remained higher 
than 70% (i.e., 79%) [5, 6, 13, 21].

Readmission rate

Readmission rate was described in eight studies and was not 
statistically different between intervention groups (n = 1001, 
RR 1.75 [95%CI 0.79–3.89], p = 0.17; I2 = 0; Table 3) [5, 
12, 13, 15, 17, 19, 20, 22]. Both sensitivity analysis includ-
ing only studies with moderate risk of bias, and sensitivity 
analysis including only studies published after 2000, did not 
alter this outcome (Table 3) [5, 12, 13, 15, 17, 20].

Recurrence rate

Interval appendectomy was part of the NOT strategy in all 
but one study [6, 12–23]. In this patient preference study, 
only 16 of 55 (29%) patients who underwent NOT, desired 
interval appendectomy [5]. Recurrence rate prior to interval 
appendectomy ranged from 0% [15] to 12.5% [5, 12–14, 17, 
19–23]. Recurrence rate in patients treated with an initial 

NOT strategy without interval appendectomy was 34% 
within a mean ± SD follow-up period of 3.4 ± 1.7 years [5].

Imaging studies and usage of pain medication

Number and type of imaging studies and number of doses 
of pain medication were compared in only one study [6]. A 
lower number of CT-scans was performed in children that 
underwent EA versus NOT (mean ± SD 1.5 ± 0.7 versus 
2.1 ± 1.1; p = 0.04). Number of doses of pain medication 
was not significantly different between groups (mean ± SD 
9.7 ± 4.0 (EA group) versus 7.1 ± 15.8 (NOT group)).

Histopathological examination

Eight papers described the results of histopathological 
examination [5, 12, 13, 17–20, 22]. Unexpected findings 
were found in two studies [12, 18]. Both found carcinoid 
tumors in 2 out of 331 patients (0.6%) and 1 out of 48 
(2.1%) patients, respectively.

Number of interventions

Interventions described in the included studies were EA, 
interval appendectomy, drainage procedures, placement of 
peripherally inserted central catheters (PICC-lines), and 
reoperations (e.g., due to adhesive small bowel obstruc-
tion) [5, 6, 12–23]. The number of interventions ranged 
between 1 and 2 per patient in both treatment groups.

Quality of life

None of the studies reported on Quality of Life.

Discussion

In daily practice, there is still no consensus regarding the 
optimal treatment strategy for children presenting with an 
appendiceal abscess or mass due to complex appendicitis. 
Studies regarding this topic are scarce, of low quality and 
the heterogeneity between studies is substantial. Therefore 
results of these studies and our review should be inter-
preted with caution. But, based on the available low-qual-
ity data, it seems that initial NOT may reduce the overall 
complication rate compared to EA in the overall group 
(thus appendiceal abscess and mass), without significantly 
increasing neither the total length of hospital stay nor the 
readmission rate, but the evidence is very uncertain. None-
theless, the scarce and low-quality evidence emphasizes 
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Table 2  Risk of Bias on the primary outcome (overall complication rate) in included studies

* The Cochrane Collaboration’s Risk of Bias Tool for randomized controlled trials was applied for this study. Risk of bias for all other studies was 
assessed with the Risk of Bias in Non-randomized Studies of Interventions tool (ROBINS-1)
NI No Information

Article Risk of bias arising from the 
randomization process

Risk of bias 
due to devia-
tions from 
the intended 
interventions

Missing out-
come data

Risk of bias 
in measure-
ment of the 
outcome

Risk of bias 
in selection of 
the reported 
result

Overall risk of bias

St Peter (2010) 
[6]*

Low Low Low Some con-
cerns

Unclear Some concerns

Article Bias due to 
confound-
ing

Bias in selec-
tion of par-
ticipants into 
the study

Bias in clas-
sification of 
interventions

Bias due 
to devia-
tions from 
intended 
interven-
tions

Bias due to 
missing data

Bias in meas-
urement of 
outcomes

Bias in selec-
tion of the 
reported 
result

Overall Risk  
of Bias

Calvert (2014) 
[16]

Serious Moderate Moderate Low Low Moderate NI Serious

Emil (2007) [17] Serious Serious Serious Low Moderate Moderate NI Serious
Erdogan (2004) 

[20]
Serious Moderate Moderate Low Low Moderate NI Serious

Furuya (2015) 
[21]

Moderate Low Moderate Low Low Moderate Moderate Moderate

Gahukamble 
(1993) [22]

Serious Low Moderate Low Serious Moderate NI Serious

Gästrin (1969) 
[23]

Serious Serious Serious Low Moderate Moderate NI Serious

Gillick (2001) 
[12]

Serious Low Moderate Low Low Moderate NI Serious

Handa (1997) 
[13]

Moderate Low Moderate Low Low Moderate Moderate Moderate

Puri (1981) [14] Serious Low Serious Low Low Moderate NI Serious
Roach (2007) 

[15]
Serious Moderate Moderate Low Low Moderate Moderate Serious

Samuel (2002) 
[18]

Moderate Low Low Low Low Moderate Moderate Moderate

Surana (1995) 
[19]

Serious Low Moderate Low Low Moderate NI Serious

Tanaka (2016) 
[5]

Moderate Low Low Low Low Moderate NI Moderate

Fig. 2  Overall complication rate
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the importance of well-designed high quality studies and, 
for in the meantime, shared decision making.

To our knowledge, this review was the first to focus 
solely on the treatment of the specific subgroup of pediatric 
patients with appendiceal mass and abscess. Three slightly 
comparable meta-analyses have been published on this topic. 
However, one of those focused on both the adult and pediat-
ric population and performed a subgroup analysis for chil-
dren with appendiceal mass and/or abscess [3]. The other 
two more recent meta-analyses focused on the treatment of 
complex appendicitis in the pediatric population but focused 
on complex appendicitis in general and therefore included 
both patients with mass and/or abscess but also those with-
out (only free perforation)) [24, 25].

All three meta-analysis have comparable results, which 
are in line with our review. The first mentioned meta-anal-
ysis was published in 2010 and included seven studies, of 

which four that were also included in our meta-analysis. 
They found a lower overall complication rate for initial NOT 
as well (OR 0.21 [95%CI 0.11–0.38]) [3]. The two more 
recent studies performed a subgroup/sensitivity analysis for 
studies reporting on children with a mixture of appendiceal 
mass and/or abscess, including eight (of which two were 
included in our meta-analysis) and four studies (all included 
in our meta-analysis), respectively, and found a lower overall 
complication rate for initial NOT as well (OR 0.27 [95%CI 
0.08–0.85] [24] and RR 0.06 [95%CI 0.02–0.23] [25]). Our 
review support these findings and contributes due to the fact 
that our meta-analysis displays a more accurate estimation 
of the overall effect size compared to the others. Our prede-
fined inclusion criteria selected a less heterogeneous group 
of solely children with appendiceal mass and/or abscess and 
we included a total number of 14 studies, whereas previous 
meta-analyses only included four [25], seven [3], and eight 

Table 3  Results of meta-analyses of early appendectomy vs non-operative treatment on primary and secondary outcomes

a Sensitivity analysis including only studies with a moderate risk of bias
b Sensitivity analysis including only studies that reported a clear definition of appendiceal mass and/or abscess
Data are expressed as n or mean, unless otherwise specified
RoB risk of bias, IAA intra-abdominal abscess

Outcome No. of studies Total 
partici-
pants

Par-
ticipants 
NOT

Participants EA Hetero-
geneity 
I2, %

Risk Ratio (95% CI) p value

Primary outcome
Overall complications [5, 6, 12–23] 14 1355 1022 333 48 0.37 (0.21–0.64) 0.0004
Subgroup mass/abscess
Overall complications (only mass) [12, 19, 

20, 22]
4 731 680 51 56 0.44 (0.11–1.80) 0.25

Overall complications (only abscess) [6, 
13, 21, 23]

4 133 71 62 63 0.33 (0.09–1.17) 0.09

Overall complications (combination of 
mass and abscess) [5, 14–18]

6 491 271 220 47 0.31 (0.14–0.69) 0.004

Subgroup type of complication
IAA [5, 6, 12, 14–17, 19–23] 12 1253 953 300 16 0.32 (0.16–0.63) 0.001
Wound infection [12–14, 16–22] 10 1081 880 201 0 0.13 (0.06–0.31)  < 0.00001
Ileus [5, 6, 12–14, 16, 19, 21, 23] 9 993 815 178 0 0.20 (0.07–0.54) 0.001
Sensitivity analyses
Overall complications (RoB)a [5, 6, 13, 

18, 21]
5 255 154 101 62 0.39 (0.13–1.17) 0.09

Overall complications (further specified 
definition)b [5, 6, 13, 15–17, 21]

7 447 225 222 48 0.29 (0.12–0.71) 0.007

Overall complications (studies published 
after 2000) [5, 6, 12, 15–18, 20, 21]

9 982 708 274 55 0.42 (0.19–0.90) 0.03

Secondary outcomes
Readmission rate [5, 12, 13, 15, 17, 19, 

20, 22]
8 1001 805 196 0 1.75 (0.79–3.89) 0.17

Sensitivity analyses
Readmission rate (RoB)a [5, 13] 2 102 61 41 21 1.89 (0.43–8.44) 0.40
Readmission rate (studies published after 

2000) [5, 12, 15, 17, 20]
5 723 551 172 16 2.15 (0.72–6.39) 0.17
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studies [24] in a subgroup analysis of a mixture of children 
with appendiceal mass, abscess, and both.

Furthermore our review has also integrated a subgroup 
analysis for the patients with an appendiceal mass and 
abscess individually, which has not been done in previous 
studies. Interestingly, in our subgroup analyses the only 
group with a significantly different overall complication rate 
between initial NOT and EA was the group with a mixture of 
appendiceal mass, abscess and both. Although this may have 
been caused by a type two error, in our review no significant 
difference was found in the subgroups of children with only 
an appendiceal mass or appendiceal abscess.

Focusing on the secondary outcomes, we are the first to 
describe the number of interventions, imaging studies, and 
doses of pain medication. Other secondary outcomes such 
as readmission rate were previously described and found to 
be higher in the EA group, which could not be confirmed 

by our review. Additionally, our review found a longer total 
length of hospital stay after NOT, although results could 
not be pooled due to significant heterogeneity. This longer 
length of stay after NOT could be explained by the second 
admission that was scheduled for interval appendectomy in 
almost all included studies, as initial length of stay did not 
differ between treatment groups. This systematic review and 
meta-analysis could only include one study that did not rou-
tinely perform an interval appendectomy. This study found 
a recurrence rate of 34% in a group of 38 patients during 
a mean follow-up period of 3.4 ± 1.7 years [5]. However, 
recent studies, including a large randomized controlled trial, 
have shown that a wait-and-see approach is justified after 
non-operative treatment for appendiceal mass, as recurrence 
rates are low and unexpected findings (such as malignancies) 
are rarely found after interval appendectomy in the pediatric 
population [26–30]. This wait-and-see approach after NOT 

A

Fig. 3  a Forest plot of subgroup analyses on overall complications. b Forest plot on subgroup analyses on type of complication. Upper forest 
plot: IAA, middle forest plot: Wound infection, lower forest plot: Ileus
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B

Fig. 3  (continued)
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would possibly reduce the potential benefit of a shorter total 
length of hospital stay after EA.

Contrary to the pediatric population, initial NOT is the 
standard of care for adult patients presenting with appen-
diceal mass and or abscess. Systematic reviews and meta-
analyses have shown that EA results in a significantly higher 
overall complication rate, and more specifically a greater 
incidence of ileus/bowel obstruction, IAA, and wound infec-
tion [3, 31]. In the pediatric population, opponents of the ini-
tial NOT strategy hypothesize that the omentum is relatively 
smaller and underdeveloped in young children. Therefore a 
contained appendiceal mass is rarely seen perioperatively, 
which should lead to a significantly lower postoperative 
complication rate in these children [32, 33]. Thus it can be 
hypothesized that EA might be preferable in young children, 
and on the other hand older children and adolescents might 
benefit from NOT. Although available evidence is limited, 
this hypothesis could not be validated by our review as a 
higher overall complication rate after EA was found for 
young children as well [14, 22].

Furthermore, it can be expected that differences in opera-
tion techniques (i.e., open versus laparoscopic appendec-
tomy) can be of influence on the complication rate. Previous 
studies found a significantly lower complication rate after 
laparoscopic appendectomy (15.30%) compared to open 
appendectomy (29.33%) for complex appendicitis [34]. 
However, due to the limited data available, the EA group 
could not be divided into laparoscopic and open appendec-
tomy in our systematic review and meta-analysis.

The most important and major concern of not only this 
review but all studies reporting on the treatment of appen-
diceal mass and abscess is the lack of consensus regarding 
the definition of both appendiceal mass and abscess. In addi-
tion the terms ‘mass’ and ‘phlegmon’ are frequently used as 
substitutes in the current literature. The lack of an uniform 
definition leads to considerable heterogeneity between stud-
ies [35, 36]. Therefore interpretation of results and espe-
cially comparison of different study populations is difficult. 
In our review we attempted to solve this problem by using 
predefined criteria for appendiceal mass and abscess in our 
selection process. However, most studies did not provide 
a detailed definition and only reported the terms appendi-
ceal ‘mass’, ‘phlegmon’, and ‘abscess’. As a result we had to 
restrict our predefined criteria and included only studies that 
at least mentioned those terms to describe their study popu-
lation. In our opinion, it is of utmost importance that consen-
sus is reached regarding uniform definitions for appendiceal 
mass and abscess (e.g., through a Delphi study which we 
are currently planning) and that future studies make use of 
them. These uniform definitions can help to include compa-
rable study populations in future studies, which are needed 
to draw proper conclusions regarding the optimal treatment 
strategy for children with appendiceal mass and abscess.

Apart from the mentioned lack of consensus regarding the 
definition of appendiceal mass, the results of this review are 
hampered by the heterogeneity between the included stud-
ies. Differences in methodology, in- and exclusion criteria, 
age, duration and type of antibiotics could all influence the 
outcome of the study. Several studies included both children 
with appendiceal mass and abscess, whereas others specified 
to one of both conditions. It was decided to pool data of both 
subgroups, because of the limited number of studies that 
reported specifically on one of the subgroups. Because of 
this limitation, subgroup analyses were performed for stud-
ies reporting on appendiceal mass, appendiceal abscess, and 
a combination of both.

In addition, differences in the diagnosis of appendiceal 
mass and abscess were found between studies. Whereas 
some studies only included patients that had ultrasound or 
CT-proven appendiceal mass and abscess, others included 
patients with a palpable mass or a mass that was found perio-
peratively. Moreover the majority of studies did not report 
the clinical status of patients at presentation, the size of the 
mass and abscess, and demographics and did not control for 
these confounders in their analysis. Due to their retrospec-
tive design and the aforementioned concerns, most studies 
were prone to significant selection bias.

Furthermore the majority of included studies were small 
retrospective cohort studies. Only two prospective cohort 
studies, and one pilot randomized controlled trial could be 
included in this review. All studies were assessed as having 
moderate to serious risk of bias. This illustrates the neces-
sity of high quality prospective studies regarding this topic.

In conclusion, high quality evidence regarding the opti-
mal treatment strategy for children presenting with appen-
diceal mass or abscess is missing and substantial heteroge-
neity exists between studies. Initial NOT of children with 
an appendiceal mass or abscess may reduce the overall 
complication rate compared to EA, but the evidence is very 
uncertain. The results of this review illustrate the necessity 
of a uniform definition of appendiceal mass and abscess, and 
subsequent large prospective studies are needed to determine 
the optimal treatment strategy for children presenting with 
an appendiceal mass or abscess.
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