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Abstract

The COVID-19 pandemic has changed the way to manage the emergencies, as people faced fear of the hospitals, with
possible delay in the diagnosis. Moreover, clinicians had to rearrange protocols for diagnosis and treatment. We aimed to
assess whether COVID-19 pandemic influenced severity of inflammation, management, and outcomes of acute appendi-
citis (AA), when compared to the pre-COVID era. Using defined search strategy, two independent investigators identified
those studies comparing pediatric AA during COVID-19 pandemic versus the pre-COVID-19 period. Meta-analysis was
performed using RevMan 5.3. Data are mean + SD. Of 528 abstracts, 36 comparative studies were included (32,704pts).
Time from symptoms onset to surgery was longer during the pandemics compared to the pre-COVID-19 (1.6 +0.9 versus
1.4+0.9 days; p<0.00001). Minimally Invasive Surgery was similar during COVID-19 (70.4 +30.2%) versus control period
(69.6 +£25.3%; p=ns). Complicated appendicitis was increased during the pandemics (35.9 +14.8%) compared to control
period (33.4 +17.2%; p <0.0001). Post-operative complications were comparable between these two groups (7.7 £6.5%
versus 9.1 £5.3%; p=ns). It seems that the COVID-19 pandemic influenced the time of diagnosis, severity of inflammation,
and type of surgery. However, the number of post-operative complications was not different between the two groups, leading
to the conclusion that the patients were correctly managed.

Level of Evidence Level 3 Meta-analysis on Level 3 studies

Keywords Acute appendicitis - COVID-19 - Children - Systematic review - Meta-analysis

Abbreviations

AA Acute appendicitis

MIS  Minimally invasive surgery
NOM Non-operative management

Introduction

Since the breakthrough of the Coronavirus-19 (COVID-19)
pandemic, there have been a change and a rearrangement
both in the society and in the worldwide healthcare [1-3].
During the lockdown, people were less prone to attend the
emergency department (ED) due to the fear of contracting
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the COVID-19, leading to a delayed diagnosis of several
diseases [1, 3-7].

Acute appendicitis (AA) is the most common pediatric
surgical emergency, and its severity is strictly related to the
time of diagnosis: a delayed diagnosis increases the risk of
developing complications, such as abscess, peritonitis, sep-
sis, and wound infection [5, 8].

The gold standard of care for acute appendicitis is appen-
dectomy (through a minimally invasive or open approach).
Even if the non-operative management is a well-established
procedure in adults, its use among children is not completely
defined up to now [2, 8—10].

Although the COVID-19 affects adults more than chil-
dren, the pandemic has also influenced the management
of the pediatric surgical patient [2, 3, 11-13]. Coronavirus
infection, in fact, can present with gastrointestinal symptoms
in both adults and children, thus increasing the risk of mis-
diagnoses [2, 10, 14]. Moreover, during the lockdown, the
surgical activity has been reduced to the sole emergency sur-
gery and the conversion of peripheral hospitals into COVID
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hospitals has increased the risk of delayed diagnosis of acute
appendicitis [2, 8, 11, 13].

The aim of our study was to assess whether the COVID-
19 pandemic influenced the management of AA in children
in:

— Diagnosis (age at diagnosis, time from symptoms onset
and hospital presentation)

— Severity of inflammation

— Management (non-operative management, minimally
invasive surgery and/or open surgery)

— Outcomes (length of hospital stay and post-operative
complications).

Material and methods
Data sources and study selection

This study was registered on the international prospec-
tive register of systematic reviews PROSPERO (registra-
tion #CRD42022325941) (National institute for Health
Research) [15]. The systematic review was drafted according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [16].

A systematic review of the English literature was made
using a defined search strategy (Table 1). Two investigators
(MEM, GLa) independently searched scientific databases
(PubMed, Cochrane Collaboration, Scopus, and Web of
Science) looking for studies reporting on acute appendi-
citis during the COVID19 pandemic in children published
up to September 2023. MeSH headings and terms used are
“Acute appendicitis”, “Appendicitis”, “COVID-19”, “SARS-
CoV-2”, “‘Pediatric”, and “Children” (Fig. 1). Reference
lists were searched to identify relevant cross-references.
Case reports, opinion articles, experimental studies, and
case series with less than 10 patients were excluded. All
grey literature publications (i.e. reports, theses, conference
proceedings, bibliographies, commercial documentations,
and official documents not published commercially) were
excluded. Full text articles of potentially eligible studies
were retrieved and independently assessed for suitability
by two investigators (MEM, GLa). We included all stud-
ies (trials, cohort, and case—control) that reported at least
one outcome of interest. Furthermore, we included in the
meta-analysis only those studies comparing the manage-
ment of acute appendicitis in children before and after the
spreading of COVID19 pandemic. If two or more studies had
overlapping patient cohorts, for each outcome measure we
included only the article with the largest number of patients.
Any disagreement over the eligibility of a specific study was
resolved through the discussion with a third author (GL1i).
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Table 1 Defined search strategy

Publication

Language English
January 1950-September 2023

Human studies

Time period
Subject
Study type Retrospective
Prospective
Case—control
Cohort
Excluded Case-report

Case series (< 10 patients)
Editorials

Letters

Grey literature

COVID-19

SARS-CoV-2

Acute appendicitis

Keywords

Appendicitis
Children
Pediatric

Statistical analysis

Categorical variable frequencies were compared using Pear-
son’s chi-square test or the two-tailed Fisher exact prob-
ability test, as appropriate. When median and range were
reported, mean + SD were estimated, as previously reported
[17]. Meta-analysis of comparative studies was conducted
with RevMan 5.4 [18]. Data are presented as risk ratio (RR)
for categorical variables, and mean differences (MD) for
continuous variables, along with 95% confidence intervals
(CI) using the random-effects model, with p values shown
for Z test for overall significance and I? statistic for hetero-
geneity. A p-value < 0.05 was considered statistically signifi-
cant. Data are expressed as mean + SD.

Quality assessment

Risk of bias for individual studies was assessed in dupli-
cate (DDR and VC) using the methodological index for
non-randomized studies (MINORS) [19]. Differences
between the two reviewers (DDR and VC) were resolved
through consensus and discussion with a third author
(GLa). The total score for this 12-item instrument ranges
0-24 points with a validated “gold standard” cut-off of
19.8. We assessed the methodological quality for each out-
come by grading the quality of evidence using the Grading
of Recommendations Assessment, Development and Eval-
uation (GRADE) methodology [20]. Quality of evidence
was rated as high, moderate, low, and very low for each
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Fig. 1 Search strategy PubMed/MEDLINE

1. (COVID-19 OR SARS-CoV-2).mp.

2. acute appendicit*adj2 OR appendicit*adj2).mp.

3. (child*adj2 OR pediatric*adj2).mp.

4. 1AND2AND3

Scopus

TITLE-ABS-KEY ( ( COVID-19 ) OR ( SARS-CoV-2 ) AND ( acute appendicitis ) OR (

appendicitis ) AND ( child OR pediatric) )

Cochrane Collaboration

1. MeSH descriptor : COVID-19, SARS-CoV-2, acute appendicitis, appendicitis, child,

pediatric

2. Explode all trees

Web of Science

TOPIC ( ( COVID-19 ) OR ( SARS-CoV-2 ) AND ( acute appendicitis ) OR ( appendicitis )

AND ( child OR pediatric) )

outcome. Observational studies start with a low quality
of evidence. The quality of evidence was rated down in
the presence of risk of bias, inconsistency, indirectness,
imprecision, and publication bias. For assessment of risk
of bias in observational studies, we used the MINORS
instrument. Inconsistency was determined according to
heterogeneity. We produced I? values to assess heteroge-
neity. I? value of 040, 30-60, 50-90, and 75—-100% were
considered as low, moderate, substantial, and consider-
able heterogeneity, respectively. Imprecision was assessed
using optimal information size (OIS), which was based on
25% relative risk reduction, 0.05 of a error and 0.20 of
error [21].

Results

Of 528 title/abstract screened, 129 full-text articles were
analyzed, 43 studies entered the qualitative analysis
[1-11, 13, 14, 22-51], and 36 papers were included in the
meta-analysis [1-8, 11, 13, 22, 23, 25-28, 30-44, 46-50]
(32,704 pts, Fig. 2).

The age at presentation of symptoms was similar dur-
ing COVID-19 pandemic (10.6 + 1.2 years) when com-
pared to the pre-COVID-19 era (10.7 + 1.2 years; p=ns,
MD -0.22, 95% confidence intervals (CI) [-0.49, 0.05],
1>=95%; Fig. 3a). The mean time from symptoms onset
to surgery was significantly lengthened in the COVID-19
period compared to the pre-pandemic era (1.6 +0.9 versus
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Fig.2 Diagram of workflow in the systematic review and meta-analysis

1.4+ 0.9 days, respectively; p<0.00001, MD 0.24, 95% CI
[0.16, 0.32], I>=95%; Fig. 3b).

When reported, minimally invasive surgery (MIS) did not
appear to be decreased during the pandemic (4,468/6,343
cases, 70.4 +£30.2%) versus the control period (4,303/6,178
cases, 69.6 +25.3%; p=ns, RR 0.99, 95% CI [0.94, 1.03],
>=80%, Fig. 4a). However, the number of complicated
appendicitis was significantly increased during the pandemic
(5,311/14,808 children, 35.9 + 14.8%) compared to the con-
trol period (5,885/17,603 children, 33.4+17.2%; p <0.0001,
RR 1.29, 95% CI [1.14, 1.45], I*=90%; Fig. 4b). Also,
the non-operative management (NOM) was significantly
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increased during the COVID-19 pandemic compared to the
previous period (1,199/11,138 patients, 10.8 +16.5% ver-
sus 555/11,937 patients, 4.6 +3.3%, respectively; p=0.02;
RR 1.77, 95% CI [1.10, 2.87], I>*=83%; Fig. 4c). Moreo-
ver, the incidence of negative appendicitis was signifi-
cantly decreased during the pandemic (382/8,872 children,
4.3 +8.5%) compared to the control period (564/8,216 chil-
dren, 6.9+9.8%); p=0.02, RR 0.58, 95% CI [0.36, 0.92],
1> =89%; Fig. 4d).

Nonetheless, we did not find a statistically signifi-
cant increase of post-operative complications during the
COVID-19 pandemic (876/11,387 patients, 7.7 +6.5%)
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A

Covid-19 Pre-Covid-19 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl Year 1V, Random, 95% CI
La Pergola 2020 10 3.4 82 10 3.5 92 2.8%  0.00([-1.03, 1.03] 2020
Montalva 2020 8.9 1.6 69 11.1 1 39 4.1% -2.20[-2.69, -1.71] 2020 -
Place 2020 10 1.5 90 11.2 1.2 70 4.3% -1.20[-1.62, -0.78] 2020 I
Raffaele 2020 9.1 2.6 14 89 22 13 1.5% 0.20 [-1.61, 2.01] 2020
Velayos 2020 9.3 3.1 25 10.7 3 41 1.9% -1.40[-2.92,0.12] 2020 - T
Bellini 2020 9 3 27 99 3.6 75 2.1% -0.90 [-2.29, 0.49] 2020 e
Gerall 2020 11.1 3.9 48 12.5 3.4 41 1.9% -1.40([-2.92,0.12] 2020 ——————T
Percul 2021 11.8 4 50 10.8 3 67 2.2% 1.00 [-0.32, 2.32] 2021 -
Schafer 2021 10.8 3.7 176 10.4 4.1 338 3.6%  0.40[-0.30, 1.10] 2021 S
Theodorou 2021 10 1.5 592 103 1.2 606 4.7% -0.30 [-0.45, -0.15] 2021 -
Bada-Bosch 2021 9.8 1.1 13 11.5 0.4 33 3.8% -1.70[-2.31, -1.09] 2021 B —
Sheath 2021 7.5 0.5 18 11 25 10 1.8% -3.50[-5.07,-1.93] 2021 ——
Delgado-Miguel 2021 10 3.1 288 10.4 3.4 986 4.3% -0.40[-0.82,0.02] 2021 —
Esparaz 2021 11.5 1.5 103 106 1.2 102 4.4% 0.90[0.53, 1.27] 2021 I
Horst 2021 12 1 51 12 1.5 59 4.2%  0.00[-0.47,0.47] 2021 o
Patel 2021 12 2 23 11.2 27 35 2.4%  0.80[-0.41, 2.01] 2021 —
Ayyildiz 2022 11.7 3.8 246 11.8 3.8 355 3.8% -0.10[-0.72,0.52] 2022 T
Kanamori 2022 10.5 1.5 55 10.5 1 192 4.3%  0.00[-0.42, 0.42] 2022 B
Toro Rodriguez 2022 9.4 0.6 116 9.2 0.4 193 4.8% 0.20 [0.08, 0.32] 2022 -
ANZSCRAFT Collaborative 2022 10.1 3.2 142 9.7 2.8 127 3.6%  0.40[-0.32, 1.12] 2022 I
Bethell 2022 10.2 1.2 2002 11 1 605 4.8% -0.80 [-0.90, -0.70] 2022 -
Li 2022 11.6 3.7 90 11.8 4 115 2.8% -0.20[-1.26,0.86] 2022 I —
Nassiri 2022 10.4 3.7 258 10.5 3.4 249 3.8% -0.10[-0.72,0.52] 2022 o
Hegde 2023 11.5 1.4 2413 11.2 1.4 3601 4.8% 0.30[0.23, 0.37] 2023 -
Dass 2023 10.2 1.2 72 9.5 1 62 4.4% 0.70[0.33, 1.07] 2023 —_—
Matava 2023 10.6 3.7 1618 10.5 3.7 1684 4.6%  0.10 [-0.15, 0.35] 2023 T
Oztas 2023 11.5 3.3 200 11.8 3.2 207 3.8% -0.30[-0.93,0.33] 2023 —_— T
Quaglietta 2023 9.7 3.8 616 86 3.4 491 4.3% 1.10 [0.68, 1.52] 2023 —
Total (95% CI) 9497 10488 100.0% -0.22 [-0.49, 0.05] <
Heterogeneity: Tau? = 0.39; Chi? = 590.41, df = 27 (P < 0.00001); I> = 95% k + d

-4 -2 0 2 4

Test for overall effect: Z = 1.60 (P = 0.11) Favours Covid-19 Favours Pre-Covid-19

B Covid-19 Pre-Covid-19 Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Raffaele 2020 2 2 14 1 0.6 13 0.5% 1.00 [-0.10, 2.10] 2020 >
Gerall 2020 4.2 2.4 48 59 3.4 41 0.4% -1.70[-2.94,-0.46] 2020 ————

La Pergola 2020 1.25 0.25 86 1.25 0.25 92 9.6% 0.00 [-0.07, 0.07] 2020 T

Percul 2021 22 1.2 50 1.8 0.9 67 2.9% 0.40 [0.00, 0.80] 2021 —

Sheath 2021 5.25 3.25 18 1.25 0.25 10 0.3% 4.00 [2.49, 5.51] 2021 4
Theodorou 2021 2 05 592 2 0.5 606 9.9% 0.00 [-0.06, 0.06] 2021 T

Horst 2021 1.1 0.4 51 09 0.1 59 8.6% 0.20 [0.09, 0.31] 2021 -

Patel 2021 2.5 1 23 3.5 2 35 1.0% -1.00[-1.78, -0.22] 2021 -

Tasg1 2022 4.25 1.75 29 3.25 1.75 47 0.9% 1.00 [0.19, 1.81] 2022

ANZSCRAFT Collaborative 2022 22 19 142 2.3 2 127 2.3% -0.10[-0.57,0.37] 2022 EE E—

Ayyildiz 2022 2.9 1.26 246 2.1 09 355 6.8% 0.80[0.62, 0.98] 2022 —

Kanamori 2022 1.5 1.1 55 1.4 1.2 192 3.7% 0.10 [-0.24, 0.44] 2022 T

Li 2022 24 25 90 1.9 1.2 115 1.7% 0.50 [-0.06, 1.06] 2022 T

Nassiri 2022 1.4 0.25 258 1.2 0.3 249 10.0% 0.20 [0.15, 0.25] 2022 -

Quaglietta 2023 2 2 616 1 2 491 5.5% 1.00 [0.76, 1.24] 2023 I

Dass 2023 2 05 72 1.2 03 62 8.0% 0.80 [0.66, 0.94] 2023 -

Hegde 2023 1.25 0.25 2413 1.25 0.25 3601 10.4% 0.00 [-0.01, 0.01] 2023

Matava 2023 1.25 0.25 1618 1.25 0.25 1684 10.4% 0.00 [-0.02, 0.02] 2023

Oztas 2023 1.4 0.8 200 1.4 0.9 207 7.2% 0.00 [-0.17, 0.17] 2023 i

Total (95% CI) 6621 8053 100.0% 0.24 [0.16, 0.32] <

Heterogeneity: Tau? = 0.02; Chi? = 393.64, df = 18 (P < 0.00001); I* = 95% 5_2 _91 ) i 2’

Test for overall effect: Z = 5.86 (P < 0.00001) Favours Covid-19 Favours Pre-Covid-19

Fig.3 Pre-operative data: forest plot comparison of patients during Covid-19 pandemic versus pre-Covid-19 era with regards age at presentation
(a) and time from symptoms onset to surgery (b)

compared to the previous period (1,120/12,353 patients, Discussion

9.1+5.3%; p=ns, RR 0.93,95% CI [0.73, 1.18], ’=73%,

Fig. 5a). Finally, the length of hospital stay (LOS) was  Acute appendicitis is the most common pediatric surgi-
similar between the pandemic period (3.4 +2.1 days) and  cal emergency with up to 8% of children complaining of
the pre-COVID-19 era (3.8 1.4 days; p=ns, MD 0.02,  abdominal pain having a diagnosis of appendicitis [8].
95% CI [-0.29, 0.34], I>*=95%; Fig. 5b).
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A

Covid-19 Pre-Covid-19 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, dom, 95% Cl _Year M-H, d 95% ClI
Raffaele 2020 13 13 13 13 5.9% 1.00[0.87, 1.15] 2020 -1
Velayos 2020 10 25 28 41 0.7% 0.59[0.35, 0.99] 2020 |
Montalva 2020 64 64 35 35  13.9% 1.00 [0.96, 1.05] 2020 T
Patel 2021 4 23 19 35 0.2% 0.32[0.12,0.82] 2021 ¢
Pawelczyk 2021 100 164 127 195 5.1% 0.94 [0.80, 1.10] 2021 T
Percul 2021 21 50 67 67 1.6% 0.42[0.31, 0.59] 2021 —_—
Schéfer 2021 159 176 280 338 11.6% 1.09[1.02, 1.17] 2021 il
Sheath 2021 15 17 9 10 2.2% 0.98[0.75, 1.28] 2021 i —
Bada-Bosch 2021 7 13 31 33 0.7% 0.57 [0.34, 0.96] 2021 I ——
Nassiri 2022 253 255 244 246 15.9% 1.00 [0.98, 1.02] 2022
van Amstel 2022 2748 3715 2889 4080 15.3% 1.04 [1.02, 1.07] 2022 ol
ANZSCRAFT Collaborative 2022 137 140 122 125  14.5% 1.00 [0.97, 1.04] 2022 r
Ayyildiz 2022 39 246 36 355 1.0% 1.56 [1.02, 2.39] 2022 —
Bethell 2022 898 1442 403 605 11.5% 0.93[0.87, 1.00] 2022 -
Total (95% ClI) 6343 6178 100.0% 0.99 [0.94, 1.03] 4
Total events 4468 4303
Heterogeneity: Tau? = 0.00; Chi? = 65.20, df = 13 (P < 0.00001); I* = 80% [ + t J
Test for overall effect: Z = 0.62 (P = 0.54) 02 0.5 i 2 i
. . . Favours Covid-19 Favours Pre-Covid-19
B Covid-19 Pre-Covid-19 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Ali 2020 23 42 8 120 1.7% 8.21[3.98, 16.94] 2020 —_—
Bellini 2020 13 27 20 75 2.4% 1.81[1.05, 3.11] 2020
Gerall 2020 7 48 4 41 0.9% 1.49[0.47, 4.75] 2020
La Pergola 2020 27 86 23 92 2.7% 1.26 [0.78, 2.01] 2020 I a—
Lee-Archer 2020 23 48 14 57 2.4% 1.95[1.13, 3.36] 2020 I
Montalva 2020 51 69 33 39 4.1% 0.87[0.72, 1.06] 2020 -
Place 2020 35 90 13 70 2.3% 2.09[1.20, 3.65] 2020 .
Raffaele 2020 7 14 2 13 0.7% 3.25[0.82, 12.90] 2020 -
Velayos 2020 8 25 3 41 0.8% 4.37[1.28, 14.96] 2020 e ——
Theodorou 2021 249 606 245 375 4.3% 0.63[0.56, 0.71] 2021 -
Horst 2021 13 51 5 59 1.2% 3.01[1.15, 7.86] 2021
Patel 2021 6 23 9 35 1.3% 1.01[0.42, 2.47] 2021
Pawelczyk 2021 51 164 36 201 3.2% 1.74[1.20, 2.52] 2021 —_—
Percul 2021 22 50 22 67 2.7% 1.34[0.84, 2.13] 2021 I e —
Schafer 2021 49 176 70 338 3.5% 1.34[0.98, 1.84] 2021 —
Sheath 2021 4 18 1 10 0.3% 2.221[0.29,17.27] 2021
Bada-Bosch 2021 8 13 14 33 2.2% 1.45[0.81, 2.60] 2021 ]
Colvin 2021 20 47 12 20 2.6% 0.71[0.44, 1.16] 2021 [ ——
Delgado-Miguel 2021 58 288 138 986 3.7% 1.44[1.09, 1.90] 2021 I
Esparaz 2021 47 103 26 102 3.1% 1.79[1.21, 2.65] 2021 s —
Sener Okur 2022 15 143 34 142 2.3% 0.44[0.25, 0.77] 2022 e —
Toro Rodriguez 2022 25 116 45 193 2.9% 0.92 [0.60, 1.42] 2022 e
van Amstel 2022 1962 4113 2017 4480 4.5% 1.06 [1.01, 1.11] 2022 ™
Ayyildiz 2022 61 246 37 355 3.2% 2.38 [1.64, 3.46] 2022 —
ANZSCRAFT Collaborative 2022 49 142 52 127 3.5% 0.84[0.62, 1.15] 2022 i
Bethell 2022 494 2002 216 605 4.3% 0.69[0.61, 0.79] 2022 -
Li 2022 42 90 37 115 3.3% 1.45[1.03, 2.05] 2022 —
Nassiri 2022 83 258 74 249 3.7% 1.08[0.83, 1.40] 2022 T
Kanamori 2022 41 55 15 192 2.5% 9.54 [5.73, 15.89] 2022 —
Oztas 2023 75 200 66 207 3.7% 1.18[0.90, 1.54] 2023 T
Quaglietta 2023 239 616 139 491 4.1% 1.37[1.15, 1.63] 2023 e
Dass 2023 25 72 25 62 2.8% 0.86 [0.56, 1.33] 2023 I
Del Giorgio 2023 262 736 875 2326 4.4% 0.95 [0.85, 1.06] 2023 -T
Hegde 2023 849 2413 1247 3601 4.5% 1.02[0.95, 1.09] 2023 r
Matava 2023 368 1618 308 1684 4.3% 1.24[1.09, 1.42] 2023 -
Total (95% CI) 14808 17603 100.0% 1.29 [1.14, 1.45] L 2
Total events 5311 5885
Heterogeneity: Tau? = 0.08; Chi? = 325.45, df = 34 (P < 0.00001); I> = 90% 5T o2 NG 3 ¥ 0
Test for overall effect: Z = 4.05 (P < 0.0001) : “Favours Covid-19 Favours Pre-Covid—-19
C Covid-19 Pre-Covid-19 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% Cl Year M-H, d 95% CI
Gerall 2020 12 48 3 41 7.8% 3.42[1.03, 11.28] 2020 ——————
Montalva 2020 5 69 4 39 7.4% 0.71[0.20, 2.48] 2020
Place 2020 8 90 0 70 2.4% 13.26 [0.78, 225.94] 2020
Raffaele 2020 1 14 0 13 2.0% 2.80[0.12, 63.20] 2020
Velayos 2020 0 25 0 41 Not estimable 2020
Colvin 2021 32 47 0 20 2.5% 28.44 [1.83, 442.87] 2021 _—
Delgado-Miguel 2021 0 288 0 986 Not estimable 2021
Horst 2021 1 51 1 59 2.5% 1.16 [0.07, 18.03] 2021 +
Pawelczyk 2021 0 164 6 201 2.4% 0.09[0.01, 1.66] 2021
Theodorou 2021 65 592 29 606 13.5% 2.29[1.50, 3.50] 2021 L
ANZSCRAFT Collaborative 2022 2 142 2 127 4.3% 0.89[0.13, 6.26] 2022
Bethell 2022 560 2002 0 605 2.5% 339.15 [21.22, 5420.86] 2022 4
Li 2022 1 90 0 115 2.0% 3.82[0.16, 92.77] 2022
Nassiri 2022 3 258 3 249 5.7% 0.97[0.20, 4.74] 2022
Toro Rodriguez 2022 2 116 0 193 2.1% 8.29[0.40, 171.20] 2022
van Amstel 2022 316 4113 327 4480 14.8% 1.05[0.91, 1.22] 2022 T
Hegde 2023 147 2413 144 3601 14.6% 1.52[1.22,1.91] 2023 —
Quaglietta 2023 44 616 36 491  13.5% 0.97 [0.64, 1.49] 2023 .
Total (95% CI) 11138 11937 100.0% 1.77 [1.10, 2.87] —~—
Total events 1199 555
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Fig.4 Management of AA: forest plot comparison of patients during citis (b), non-operative management of acute appendicitis (c), and the
Covid-19 pandemic versus pre-Covid-19 era with regards minimally rate of negative appendicitis (d)

invasive appendectomies (a), the incidence of complicated appendi-
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Fig.5 Post-operative outcomes: forest plot comparison of patients during Covid-19 pandemic versus pre-Covid-19 era with regards post-opera-

tive complications (a) and the length of

The most common complication of AA is perforation,
and its incidence is directly correlated with the duration
of symptoms and age of the patient [5]. The higher rate of

hospital stay (b)

complicated appendicitis among very young children has to
be referred to their difficulty to define their symptoms [5].
The increased rate of complicated appendicitis during

the COVID-19 pandemic reported by several Authors was
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explained by the fear of contracting the virus in the hospi-
tals, leading to a late referral to the emergency department
and therefore to a delayed diagnosis [3, 5-8, 10, 12-14].
As a matter of fact, in our study we have found an overall
increased time-lapse from symptoms onset to surgery that
could be related to the finding of a significantly higher num-
ber of complicated appendicitis during the pandemic com-
pared to the pre-pandemic era. Moreover, in our study the
mean age at presentation was similar among the two study
groups, thus removing any possible bias given by different
age populations.

It has also been postulated that the COVID-19 infection
itself could increase the rate of complicated appendicitis,
due to the gastrointestinal manifestation of the disease and
this assumption may also explain our results [6].

The management of children with AA during the pan-
demic is also controversial. Some Authors, in fact, postu-
lated an increased risk of contagion during laparoscopy due
to aerosolization of peritoneal fluids [2, 10, 22]. Therefore,
the ESPES (European Society of Pediatric Endoscopic Sur-
geons) recommended the use of a closed system for CO,
insufflation and de-sufflation, limiting the use of the electro-
cautery [51]. When analyzing our data, in fact, we did not
find a reduced use of the minimally invasive surgery (MIS)
during the pandemic when compared to the pre-COVID-19
period. However, we did find fewer negative appendicitis
during the pandemic when compared to the pre-COVID-19
period.

Another question raised during the COVID-19 era
is the use of the NOM as the first-line treatment of the
AA. Some surgeons, in fact, preferred to avoid the use of
NOM to reduce the overall length of hospital stay and to
avoid the risk of failure of NOM that may have led to an
increased risk of complications, length of hospital stays,
and readmissions [2, 5, 8, 12]. Some others, however,
preferred the use of NOM to limit hospital access and to
reduce the number of surgical procedures, and this was
especially true during the strict lockdown [9, 52]. Moreo-
ver, the ESPES suggested to consider the use of NOM,
whenever safe for the patient [51]. Indeed, in our study,
we found an overall increased use of the NOM in children
during the pandemic when compared to the same period
pre-COVID-19.

Nonetheless, despite the higher incidence of complicated
AA, we did not find an increased number of postoperative
complications as well as a lengthened hospital stay, as dem-
onstrated by other Authors, thus leading to the conclusion
that children were appropriately treated [53].

@ Springer

Limitation of the study

We are aware of the limitations of our study, which rely on
the quality of the studies and data available in the literature,
as any other meta-analysis.

All the 36 studies included in the meta-analysis were ret-
rospective observational studies [1-8, 11, 13,22, 23, 25-28,
30-44, 46-50]. None of the papers provided sample size
calculations. As expected, a blinded evaluation of objective
endpoints was not possible and groups were not contem-
porary, because of different time-period between cases and
controls. Moreover, none of the study have reported with
regards to the loss to follow-up and there were a broad lack
of data regards the length of follow-up. Therefore, in our
meta-analysis, none of the studies reached the gold standard
cut-off on MINORS of 19.8 out of 24 (Supplementary file
1).

According to the GRADE methodology, the quality of
evidence of the meta-analysis was low with regards all the
pre-operative data (age at presentation, time from symptoms
onset to surgery), the management of AA (minimally inva-
sive appendectomies, incidence of complicated appendicitis,
percentage of NOM, and percentage of negative appendici-
tis) and post-operative outcomes (incidence of complication)
(Table 2). Although the data were obtained from a consid-
erable number of studies, their considerable heterogeneity
could generate possible bias.

However, when independently assessed by two authors
(DDR and VC) using A Measurement Tool to Assess Sys-
tematic Reviews (AMSTAR) [54], the present systematic
review and meta-analysis received a decent score (Supple-
mentary file 2).

The PRISMA checklist was then completed (Supplemen-
tary file 3).

Conclusions

The correct management of children with acute appendicitis
during the COVID-19 pandemic is still debated.

The number of complicated appendicitis has increased
during this period, and it seems to be directly related to the
delayed referral to the hospital.

Up to now the use of laparoscopy is not contraindicated
in the COVID-positive patients. As a matter of fact, the use
of the MIS during the pandemic was not decreased when
compared to the pre-pandemic era.

Even if the delayed diagnosis could influence the out-
comes, the incidence of complications seems not to be
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increased during pandemic, thus leading to the conclusion
that the choice of the surgical management (either open,
MIS, or NOM) was still correct for each patient.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00383-023-05594-9.
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