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Abstract
Appendicitis is one of the most common surgical emergencies in children and adults. Appendectomy as the standard care 
has been challenged in the recent years with growing evidence about non-operative treatment as a potential primary treat-
ment in patients presenting with signs and symptoms suggestive of acute appendicitis. This review aims to establish where 
the recent research stands regarding conservative treatment of acute appendicitis, especially in children. There are several 
studies that report the potential safety and efficacy of treating acute appendicitis non-operatively. Several studies have chal-
lenged the concept of acute appendicitis being a progressive disease that always ends in perforation, rather than a disease 
that can present as different forms with only a defined number of cases progressing to perforation. The lack of randomized 
controlled studies is a limitation and well-designed randomized controlled trials are needed to determine the role of non-
operative management of acute appendicitis in children.
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Introduction

Acute appendicitis and appendectomy as the standard care 
continues to be one of the most common surgical emergen-
cies and procedures worldwide with peak incidence of acute 
appendicitis usually occurring in the second or third decade 
of life, [1] which makes it of significant relevance to chil-
dren. It has been estimated that 1–8% of children presenting 
with acute abdominal pain at the emergency department get 
diagnosed with acute appendicitis [2].

The practice of treating acute appendicitis with surgery 
has recently been challenged due to controversy about it 
being a progressive disease and suggesting two disease 
entities of acute appendicitis; a mild inflammation that can 
settle spontaneously or with antibiotics and a more severe 
inflammation that can progress to gangrene and perforation, 
proposing the potential of developing different guidelines for 
the treatment of acute appendicitis depending on its form 
[3].

This review aims to touch down on the various aspects 
of the non-operative management of acute appendicitis in 
adults and more specifically in children based on previous 
randomized controlled trials (RCT) and review articles thus 
showing the possibilities of adopting new practices in treat-
ing acute appendicitis in children.

Pathophysiology

The prevailing belief that appendicitis is caused by the 
bacterial infection and inflammation followed by luminal 
obstruction by an appendicolith has been challenged by the 
observation that an appendicolith is found only in a minor-
ity of acute appendicitis patients and that an appendicolith 
can be found in appendices without inflammation. However, 
luminal obstruction by an appendicolith, fibrous band, lym-
phoid hyperplasia or even a caecal carcinoma as a precursor 
to inflammation in acute appendicitis continues to be the 
proposed mechanism of pathogenesis, but there is growing 
interest in viral infections leading to secondary bacterial 
infection as a possible trigger.

A mix of aerobic and anaerobic bacteria, mostly E. coli 
and Bacteroides spp. have been isolated from removed 
inflamed appendices. Blunt abdominal trauma followed by 
vascular compromise has been also proposed. The differ-
ence of rates of acute appendicitis in different ethnicities, 
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geographical regions and familial tendency can be a clue 
for a genetic predisposition, although no specific genes have 
been yet described. The environmental factors and diet and 
their interaction with genetic factors predisposing the indi-
vidual to acute appendicitis remains unknown [1, 4].

The interaction between these different factors conse-
quently leads to acute appendicitis that can be divided, based 
on macroscopic and microscopic appearances, into simple 
disease and complex disease. Simple appendicitis accounts 
for phlegmonous, non-perforated appendicitis. Complex 
appendicitis is usually a gangrenous or perforated appendix 
with or without abscess formation [1, 4].

Spontaneous resolution of acute appendicitis

The theory that untreated appendicitis will eventually pro-
gress to perforation with an associated increase in mortal-
ity and morbidity has been accepted for years. Therefore, 
the standard practice for decades has been early explora-
tion when suspicion of acute appendicitis exists. The justi-
fication for this has been the belief that perforation can be 
prevented and thus avoided if surgery is performed at the 
early stages of inflammation. However, this theory is being 
widely challenged. In a huge retrospective study that ana-
lysed data from over 56,000 patients found that the extent 
of appendectomy has an influence on the incidence rate of 
non-perforated appendicitis but not on the incidence rate of 
perforated appendicitis which suggests possible spontane-
ous recovery of acute appendicitis without increased risk for 
perforation [5]. Park et al. randomized 245 patients with CT-
confirmed uncomplicated acute appendicitis to two groups, 
one group that received antibiotic treatment and one group 
that received supportive treatment without antibiotics and 
found no difference in treatment failure rates between the 
two groups [6]. Other studies have showed that a restrained 
attitude to exploration results in fewer patients with diag-
nosed appendicitis thus proposing spontaneous resolution 
as a possible destiny of the inflamed appendix [5].

During the COVID-19 pandemic, it was noted an overall 
reduction of appendicitis cases by 20.9% in adults and an 
increase of 13.4% in children. The rate of antibiotic treat-
ment increased significantly, and higher rates of complicated 
appendicitis were observed in adults which can be explained 
by the overall decrease of the cases of appendicitis that was 
caused by lower numbers of patients with uncomplicated 
appendicitis seeking medical care, hence, spontaneously 
recovering, while the numbers of complicated appendicitis 
stayed the same [7].

Operative management of acute appendicitis

The surgical removal of the inflamed appendix, appendec-
tomy, has without doubt been the way of care and the gold 

standard in the treatment of acute appendicitis [8, 9]. Open 
surgery using McBurney’s incision remained the procedure 
of choice until the introduction of laparoscopy in 1983 [8]. 
Laparoscopy has many benefits over open surgery. The like-
lihood of post-surgical wound infections is reported to be 
reduced by at least half in laparoscopic appendectomy. Pain 
and the need for analgesia post-operatively was also reduced 
after laparoscopic surgery. Return of normal bowel function 
was faster after laparoscopic appendectomy. Lastly, laparo-
scopic appendectomy is also a diagnostic modality of great 
value especially in the cases of negative appendectomy [10].

Non‑operative management of uncomplicated 
acute appendicitis in adults

The possibility of finding an effective treatment modality 
with better complications profile, reduced cost, morbidity, 
and the promise of avoiding unnecessary surgery has led to 
expanding research that explores non-operative management 
of uncomplicated acute appendicitis [3].

In a study analysing mortality in patients who underwent 
appendectomy, it was surprisingly found that standardized 
mortality ratio increased ninefold after negative appendec-
tomy with a discharge diagnosis of non-specific abdominal 
pain compared to 6.5-fold increased mortality after perfo-
rated appendicitis, hence pointing out that appendectomy is 
not a harmless operation [5].

Antibiotic therapy has been widely proposed as an effec-
tive and safe primary treatment for uncomplicated acute 
appendicitis [3, 11–13]. There is a growing number of sys-
tematic reviews and meta-analyses that compare antibiotics 
with surgery in acute uncomplicated appendicitis. Despite 
of the growing number of these articles, the results have to 
be considered with caution as the included RCTs have dif-
ferent inclusion criteria, exclusion criteria, and definition of 
outcomes, which can explain the different results achieved. 
Svensson et al. have done a meta-analysis based on per-
protocol data; what the patient received as initial treatment 
rather than what they were randomised to receive, which 
showed no significant difference in treatment failure (defined 
as failure of non-operative treatment requiring appendec-
tomy as well as incidence of negative appendectomies in 
those treated surgically) ratios between patients treated 
non-operatively versus those treated operatively. They also 
found that there were fewer complications in the group of 
patients treated conservatively. Interestingly, 73% of patients 
treated conservatively for suspected acute appendicitis did 
not require surgery during their initial admission or during 
1-year follow-up [3].

At the 5-year-follow-up of the Appendicitis Acuta 
(APPAC) study, which was a multicentre, open label, 
noninferiority RCT, 61% of 256 patients presenting with 
uncomplicated acute appendicitis were successfully treated 
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with antibiotics. Recurrence of acute appendicitis mostly 
occurred during the 1-year-follow-up and none of these 
patients suffered from complications related to delay of 
surgery [14, 15]. In a recent RCT done by Flum and col-
leagues, 1552 adults with acute appendicitis underwent 
randomization, 776 randomized to antibiotics and 776 to 
surgery. They, unlike previous studies, included patients 
with appendicolith, a condition usually associated with 
higher risk for perforation. Participants in the antibiotics 
group underwent surgery if they developed general perito-
nitis or septic shock or if their symptoms worsened after 
48 h of the initiated therapy. They reported that antibiotics 
were non-inferior to appendectomy regarding 30-day health 
status assessed by the European Quality of Life Dimensions 
(EQ-5D). The incidence of appendectomy at 90 days in the 
antibiotics group was 29%. It is to be noted that 41% of the 
appendectomies were among those with an appendicolith 
and 25% among those without appendicolith. It was shown 
that complications were more common in the antibiotics 
group although this was mainly attributed to those having 
appendicoliths [12].

Andersson et al. divided patients presenting with abdomi-
nal pain suspected to be caused by acute appendicitis, clini-
cally, based on appendicitis inflammatory response score 
(AIR score), into three groups. Low risk, intermediate risk, 
and high-risk groups. The results of this study demonstrated 
the safety, efficacy, and importance of risk stratification 
of patients presenting with symptoms suggestive of acute 
appendicitis and compared clinical assessment of those 
patients to the role of imaging. It also showed that imag-
ing in patients with unclear diagnosis did not reduce hos-
pital admissions or the number of negative appendectomies 
but was associated with an increase in the detection and 
treatment of potentially spontaneous resolving appendici-
tis. Above all, long-term follow-up did not report difference 
in appendectomy or appendicitis suggesting no increased 
risk of recurrence in patients with spontaneously resolving 
appendicitis [11].

All these findings draw the attention to the importance of 
the concept of detecting patients eligible for non-operative 
management including antibiotics treatment in any future 
research aiming to establish a conservative aspect as an 
alternative way in managing acute appendicitis [11].

Non‑operative management of acute 
uncomplicated appendicitis in children

In the recent years, several studies have been exploring the 
alternative of treating acute uncomplicated appendicitis 
in children conservatively. A feasibility trial done in the 
UK where they randomised children with suspected acute 
uncomplicated appendicitis based on clinical presentation 
while abstaining from doing any radiological assessment 

of the symptoms showed that treating acute uncomplicated 
appendicitis in children conservatively seem to be safe and 
feasible, which, in its turn, can pave the way for future RCTs. 
Despite the researchers’ effort to include only children with 
uncomplicated appendicitis, 30% of the children allocated to 
receive appendectomy had complicated appendicitis, which 
suggests that differentiating between uncomplicated and 
complicated appendicitis based only on clinical assessment 
is suboptimal.

Of the 11 children initially randomised to receive non-
operative treatment, 41% had not undergone appendectomy 
by the end of the follow-up period. 24% of those randomised 
to non-operative treatment presented with recurrent appen-
dicitis of which six children underwent appendectomy, four 
had histologically confirmed simple acute appendicitis while 
two had perforated appendicitis. One child presented with 
an appendix mass at the time of recurrence and was treated 
with antibiotics followed by interval appendectomy. They 
also showed that patients were able to be recruited outside 
of working hours keeping in mind that they held training ses-
sions for medical personnel about the study and noticed that 
the recruitment rate increased after these sessions. This is 
of importance to any future RCTs in children because it can 
help increase awareness about the recent literature challeng-
ing the widespread dogma of surgery being the gold standard 
in the treatment of acute appendicitis and help lift sensitive 
questions regarding safety and child health [16]. This study 
goes in line with the findings of another pilot RCT, being the 
first of its kind, showing that treating acute uncomplicated 
appendicitis in children conservatively is attainable without 
concerns for safety as 92% of patients treated with antibiot-
ics had initial resolution of symptoms. Recurrence of acute 
appendicitis during follow-up occurred in one patient, 5%. 
Overall, 62% of patients had not undergone an appendec-
tomy during the initial 1-year follow-up period. The cohort 
was re-assessed in a 5-year follow-up study showing that at 
5-year follow-up 46% of children treated for acute appendici-
tis had undergone an appendectomy although acute appendi-
citis was histologically confirmed in only 17%. Interestingly, 
none of the children previously treated conservatively re-
presented with complicated appendicitis. It is worth men-
tioning that the authors used both clinical assessment and 
radiological imaging; ultrasound or computed tomography, 
in making the diagnosis of uncomplicated acute appendicitis 
to include patients [17, 18].

A recent meta-analysis analysed 21 studies with heterog-
enous methodology, including only 1 RCT, the pilot RCT by 
Svensson et al. It was reported that non-operative treatment 
of uncomplicated acute appendicitis in children is safe and 
efficient. 92% of the patients had resolution of symptoms 
during initial hospital stay. After discharge 16% of patients 
proceeded to appendectomy due to recurrent appendicitis 
or recurrent abdominal pain with normal appendix. It also 
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showed that hospital stay and complications rate were simi-
lar in patients treated conservatively and those undergoing 
an appendectomy [19].

In another systematic review and meta-analysis done by 
Kessler et al., the results favoured appendectomy over con-
servative treatment regarding efficacy and showed reduced 
treatment efficacy and increased re-admission rate in patients 
treated conservatively. Outcomes, including less complica-
tions and lower re-admission rate as well as increased effi-
cacy. Outcomes in patients who did not have an appendico-
lith were superior to those with an appendicolith suggesting 
that the presence of an appendicolith could compromise 
conservative treatment outcomes [20].

Georgiou et al. did a meta-analysis that analysed all arti-
cles reporting non-operative treatment for acute uncompli-
cated appendicitis in children and found initial treatment 
efficacy in 97% of children with acute uncomplicated appen-
dicitis. The rate of recurrence was 14%. At the last follow-
up, success rate evaluated by patients who did not need an 
appendectomy was 82%. Complications were similar in both 
groups, the conservatively treated and those who underwent 
appendectomy, but the length of hospital stay was shorter 
in children treated with appendectomy. Importantly they 
reported that major conclusions that can lead to change of 
practice cannot be withdrawn from this analysis because of 
the varying quality of the studies the analysis was based 
on. Many of the studies were of poor-quality with different 
inclusion criteria and different lengths of follow-up. How-
ever, the results can support the justification of future RCTs 
to further explore this way of treatment [2].

A meta-analysis done by Podda et al. that included stud-
ies comparing conservative treatment to surgical treatment 
of acute uncomplicated appendicitis in adults and children 
concluded that both surgery and antibiotic therapy can be 
regarded as primary management with the possibility of 
the patient being involved in the discussion and in deciding 
the treatment of choice. The study reported that conserva-
tive treatment had lower efficacy (8% treatment failure rate 
within 24–48, and an additional 20% might need a second 
hospitalization for recurrent appendicitis) than immediate 
surgery but that it was a safe option that did not increase the 
risk of perforation rate neither resulted in increased compli-
cations post-surgery [13].

Non‑operative management of complicated acute 
appendicitis in children

The management of complicated acute appendicitis in chil-
dren usually consists of fluid resuscitation and treatment 
with broad spectrum antibiotics with controversy whether 
to proceed with immediate surgery or antibiotics as first-line 
treatment followed by interval appendectomy or no surgery 
at all. A recent meta-analysis by Vaos et al. included 15 

studies of which two were RCTs and the other were non-ran-
domised, retrospective or prospective studies. It concluded 
that complications rate and wound infection were signifi-
cantly lower in patients treated conservatively compared to 
those treated with surgery, but the duration of hospital stay 
was shorter in the group of children treated surgically [21].

In a meta-analysis done by Duggan and colleagues two 
RCTs comparing early and interval appendectomy in chil-
dren with perforated appendicitis were included and the 
authors divided patients with perforated appendicitis into 
two groups; one group presents patients with perforated 
appendicitis with abscess formation and another group that 
consists of patients with perforated appendicitis but without 
abscess formation. It was showed that outcomes of the dif-
ferent treatment modalities depended extensively on the sub-
group of patients treated. Early appendectomy was reported 
to be favoured in children with perforated appendicitis with 
no abscess formation. However, in the subgroup of patients 
presenting with perforated appendicitis and intraabdominal 
abscess formation, the optimal treatment is still controver-
sial. The study did not report any statistically significant 
differences between early and interval appendectomy in 
this subgroup of patients [22]. Fugazzola et al. showed in a 
recent meta-analysis that non-operative management in chil-
dren with abscess or phlegmon was related to better results 
regarding complication and re-admission rate. However, 
children with free perforated appendicitis had lower com-
plication profile and re-admission when treated operatively 
[23].

It has been debated if interval appendectomy is necessary. 
Children’s Interval Appendectomy (CHINA) study, was a 
multicentre, open label, RCT that addressed this research 
question. Children were randomised into two groups, one 
group that received antibiotics treatment and were fol-
lowed up through outpatient clinics for 1 year, the other 
group received interval appendectomy done at a median of 
66 days after treatment allocation. The recurrence rate of 
acute appendicitis was 12% in the active observation group. 
Interval appendectomy was associated with low complica-
tion rate (6%), but severe complications took place and one 
patient needed multiple surgeries. It also showed that con-
servative treatment was superior in this group of patients in 
means of length of hospital stay, the number of days needed 
to be back to normal activity, and it was also reported to be a 
more cost-effective approach. The authors also report results 
from a previous systematic review that estimated the risk 
of a carcinoid tumour in this population to be 1% which is 
within the range of overall incidence in the general popula-
tion of developing a carcinoid tumour at any site [24].

A recent meta-analysis in adults presented that imme-
diate surgical intervention may be particularly appropri-
ate as a treatment option for complicated appendicitis in 
patients without a drainable collection. Despite the study’s 
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conclusion that non-operative management of complicated 
acute appendicitis in adults had 25.7% failure rate and higher 
incidence for major bowel resection as well as higher mor-
bidity compared to patients treated with acute appendec-
tomy, it showed that all the 18 patients who underwent per-
cutaneous drainage in the non-operative group were treated 
effectively non-operatively. Eight of these patients made it 
successfully to elective interval appendectomy and did not 
have symptoms at the time of the surgery and the remaining 
ten patients never underwent surgery [25]. This supports 
the idea of stratification of patients with complicated acute 
appendicitis into different disease categories and the pos-
sibility to optimize the treatment option based on that with 
complex disease presenting with an appendiceal mass (a 
phlegmon), an abscess or free perforation with peritonitis 
[23].

Future studies

One aspect of the growing research about the non-operative 
treatment of acute appendicitis is its consequence on the 
length of hospital stay. Conflicting data have been reported 
in different studies. Many have concluded that hospital stay, 
both the initial hospitalization and the total length of stay, 
was longer in the initially conservatively treated group [14, 
17, 21, 23]. While the CHINA trial showed shorter duration 
of hospital stay in patients treated with active observation 
compared to those who underwent interval appendectomy, 
[24] Simillis et al. reported no difference in the length of 
hospitalization between patients treated conservatively 
and those who underwent surgery, although heterogeneity 
between the studies analysed was reported [26]. Therefore, 
an interesting research question that has been contemplated 
upon in a recent study is the role of oral antibiotics vs. intra-
venous antibiotics in the management of acute appendicitis. 
Sippola et al. randomized patients with acute uncomplicated 
appendicitis confirmed by CT imaging into two groups. 
One group that received 7 days of oral moxifloxacin and 
the other group received 2 days intravenous ertapenem fol-
lowed by 5 days of levofloxacin and metronidazole. They 
reported a 70.2% success rate, defined as discharge from 
hospital without need for surgery and absence of recurrent 
appendicitis within 1-year follow-up in the group of patients 
which received oral antibiotics alone versus 73.8% success 
rate in the group of patients who received intravenous anti-
biotics followed by oral antibiotics course. No statistically 
significant difference was reported between treatment groups 
regarding the length of hospital stay or sick leave. The 
study also delivered further evidence of the effectiveness 
and safety of antibiotics treatment in acute uncomplicated 
appendicitis [27].

Park et al. further challenged the discussion of treating 
acute uncomplicated appendicitis with randomising patients 

into two groups, one group that received antibiotics therapy 
for 4 days and another group that received only supportive 
therapy without antibiotics and found that treatment failure 
appeared to be the same in the two groups. The study was 
carried out at a single centre and the sample size was small. 
It was not sufficient for evidence to change common prac-
tice, but it showed that active observation is feasible and 
potentially effective compared to antibiotics therapy. More 
and larger RCTs that explore these dimensions of treatment 
are needed [6]. This approach is particularly interesting as 
the impact of treatment of acute appendicitis with antibiot-
ics as well as appendectomy on the microbiome has been 
discussed. There is an ongoing randomised, double-blind, 
placebo-controlled, multicentre study to compare antibi-
otic therapy with placebo in the treatment of uncompli-
cated acute appendicitis (APPAC III) with a joint study 
that aims to collect rectal swabs as well as microbiologi-
cal and histological samples from the removed appendix to 
explore the potential role of microbiological aetiology in 
the development of complicated appendicitis. Moreover, 
it aspires to evaluate immunological and microbiological 
factors involved in appendicitis recurrence after successful 
initial antibiotic therapy [9]. The common assumption that 
the appendix has no function but is rather a remanent of 
primordial oversized caecum for the digestion of cellulose 
has been widely disputed. Several studies have confirmed 
the role of the appendix as a commensal bacterial reservoir 
[28, 29]. The biofilm in the appendix is thought to protect 
its members from colonization with pathogens and can, 
therefore, help actively, knowing the appendix can function 
with anterograde peristalsis, with rehabilitating a healthy 
gut microflora following infection or antibiotic therapy [29]. 
The rate of appendectomies is higher in industrial coun-
tries which can interestingly be explained with the hygiene 
theory proposing a hyper reactivity of the immune system 
against commensal bacteria consequent to the absence of 
major infectious outbreaks in the gastrointestinal tract [28]. 
Interestingly, a study from China analysed gut microbiome 
using gene sequencing on faecal samples taken from healthy 
individual with prior appendectomy (HwA) and compared 
it to those taken from healthy individuals with no history 
of appendectomy (HwoA) and found that the gut bacterial 
composition of samples from HwA was less diverse than 
that of samples from HwoA and had a lower abundance of 
Roseburia, Barnesiella, Butyricicoccus, Odoribacter, and 
Butyricimonas species while HwA had higher gut fungi 
composition and diversity than HwoA [30].
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Conclusions

The previously established ground to the etiology, function, 
and management of acute appendicitis in adults and chil-
dren have been widely challenged in recent literature with 
growing evidence supporting non-operative management of 
appendicitis as a potential treatment modality. More RCTs 
are needed to be define the role of non-operative manage-
ment particularly in children. Research should also focus on 
developing strategies to differentiate the different forms of 
appendicitis in patients, which can allow patient stratifica-
tion and furthermore tailoring of the recommended way of 
treatment for each patient. Future research should also focus 
on exploring the different mechanisms of inflammation and 
infection behind the different forms of acute appendicitis, 
which can allow better understanding of the disease patho-
physiology and course.

Author contributions SJ and TW have written, reviewed and approved 
the manuscript text

Funding Open access funding provided by Karolinska Institute. This 
work was funded by Vetenskapsrådet, 2016-00248.

Data availability Original data are available on request.

Declarations 

Conflict of  interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Bhangu A, Søreide K, Di Saverio S, Assarsson JH, Drake FT 
(2015) Acute appendicitis: modern understanding of pathogen-
esis, diagnosis, and management. Lancet 386(10000):1278–1287. 
https:// doi. org/ 10. 1016/ S0140- 6736(15) 00275-5 (Erratum.In:L
ancet.2017Oct14;390(10104):1736. PMID: 26460662)

 2. Georgiou R, Eaton S, Stanton MP, Pierro A, Hall NJ (2017) Effi-
cacy and safety of nonoperative treatment for acute appendicitis: 
a meta-analysis. Pediatrics 139(3):e20163003. https:// doi. org/ 10. 
1542/ peds. 2016- 3003 (Epub 2017 Feb 17. PMID: 28213607)

 3. Svensson JF, Hall NJ, Eaton S, Pierro A, Wester T (2012) A 
review of conservative treatment of acute appendicitis. Eur J Pedi-
atr Surg 22(3):185–194. https:// doi. org/ 10. 1055/s- 0032- 13200 14 
(Epub 2012 Jul 5. PMID: 22767171)

 4. Carr NJ (2000) The pathology of acute appendicitis. Ann Diagn 
Pathol 4(1):46–58. https:// doi. org/ 10. 1016/ s1092- 9134(00) 90011-
x (PMID: 10684382)

 5. Andersson RE (2007) The natural history and traditional man-
agement of appendicitis revisited: spontaneous resolution and 
predominance of prehospital perforations imply that a correct 
diagnosis is more important than an early diagnosis. World J Surg 
31(1):86–92. https:// doi. org/ 10. 1007/ s00268- 006- 0056-y (PMID: 
17180556)

 6. Park HC, Kim MJ, Lee BH (2017) Randomized clinical trial 
of antibiotic therapy for uncomplicated appendicitis. Br J Surg 
104(13):1785–1790. https:// doi. org/ 10. 1002/ bjs. 10660 (Epub 
2017 Sep 19. PMID: 28925502)

 7. Köhler F, Müller S, Hendricks A, Kastner C, Reese L, Boerner K, 
Flemming S, Lock JF, Germer CT, Wiegering A (2021) Changes 
in appendicitis treatment during the COVID-19 pandemic—a sys-
tematic review and meta-analysis. Int J Surg 95:106148. https:// 
doi. org/ 10. 1016/j. ijsu. 2021. 106148 (Epub 2021 Oct 23. PMID: 
34700020; PMCID: PMC8539829)

 8. Wei HB, Huang JL, Zheng ZH, Wei B, Zheng F, Qiu WS, Guo 
WP, Chen TF, Wang TB (2010) Laparoscopic versus open appen-
dectomy: a prospective randomized comparison. Surg Endosc 
24(2):266–269. https:// doi. org/ 10. 1007/ s00464- 009- 0563-7 
(Epub 2009 Jun 11. PMID: 19517167)

 9. Vanhatalo S, Munukka E, Sippola S, Jalkanen S, Grönroos J, Mar-
ttila H, Eerola E, Hurme S, Hakanen AJ, Salminen P, APPAC col-
laborative study group (2019) Prospective multicentre cohort trial 
on acute appendicitis and microbiota, aetiology and effects of anti-
microbial treatment: study protocol for the MAPPAC (Microbiol-
ogy Appendicitis Acuta) trial. BMJ Open 9(9):e031137. https:// 
doi. org/ 10. 1136/ bmjop en- 2019- 031137 (PMID: 31494621; 
PMCID: PMC6731800)

 10. Sauerland S, Jaschinski T, Neugebauer EA (2010) Laparoscopic 
versus open surgery for suspected appendicitis. Cochrane Data-
base Syst Rev 2010(10):CD001546. https:// doi. org/ 10. 1002/ 14651 
858. CD001 546. pub3 (Update in: Cochrane Database Syst Rev. 
2018 Nov 28;11:CD001546. PMID: 20927725)

 11. Andersson M, Kolodziej B, Andersson RE (2017) STRAPP-
SCORE Study group. Randomized clinical trial of appendicitis 
inflammatory response score-based management of patients with 
suspected appendicitis. Br J Surg 104(11):1451–1461. https:// doi. 
org/ 10. 1002/ bjs. 10637 (Epub 2017 Jul 21. PMID: 28730753)

 12. CODA Collaborative, Flum DR, Davidson GH, Monsell SE, Shap-
iro NI, Odom SR, Sanchez SE, Drake FT, Fischkoff K, Johnson J, 
Patton JH, Evans H, Cuschieri J, Sabbatini AK, Faine BA, Skeete 
DA, Liang MK, Sohn V, McGrane K, Kutcher ME, Chung B, 
Carter DW, Ayoung-Chee P, Chiang W, Rushing A, Steinberg 
S, Foster CS, Schaetzel SM, Price TP, Mandell KA, Ferrigno L, 
Salzberg M, DeUgarte DA, Kaji AH, Moran GJ, Saltzman D, 
Alam HB, Park PK, Kao LS, Thompson CM, Self WH, Yu JT, 
Wiebusch A, Winchell RJ, Clark S, Krishnadasan A, Fannon E, 
Lavallee DC, Comstock BA, Bizzell B, Heagerty PJ, Kessler LG, 
Talan DA (2020) A randomized trial comparing antibiotics with 
appendectomy for appendicitis. N Engl J Med 383(20):1907–
1919. https:// doi. org/ 10. 1056/ NEJMo a2014 320 (Epub 2020 Oct 
5. PMID: 33017106)

 13. Podda M, Gerardi C, Cillara N, Fearnhead N, Gomes CA, Birin-
delli A, Mulliri A, Davies RJ, Di Saverio S (2019) Antibiotic 
treatment and appendectomy for uncomplicated acute appendicitis 
in adults and children: a systematic review and meta-analysis. 
Ann Surg 270(6):1028–1040. https:// doi. org/ 10. 1097/ SLA. 00000 
00000 003225 (PMID: 30720508)

 14. Salminen P, Paajanen H, Rautio T, Nordström P, Aarnio M, Ran-
tanen T, Tuominen R, Hurme S, Virtanen J, Mecklin JP, Sand J, 
Jartti A, Rinta-Kiikka I, Grönroos JM (2015) Antibiotic therapy vs 
appendectomy for treatment of uncomplicated acute appendicitis: 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(15)00275-5
https://doi.org/10.1542/peds.2016-3003
https://doi.org/10.1542/peds.2016-3003
https://doi.org/10.1055/s-0032-1320014
https://doi.org/10.1016/s1092-9134(00)90011-x
https://doi.org/10.1016/s1092-9134(00)90011-x
https://doi.org/10.1007/s00268-006-0056-y
https://doi.org/10.1002/bjs.10660
https://doi.org/10.1016/j.ijsu.2021.106148
https://doi.org/10.1016/j.ijsu.2021.106148
https://doi.org/10.1007/s00464-009-0563-7
https://doi.org/10.1136/bmjopen-2019-031137
https://doi.org/10.1136/bmjopen-2019-031137
https://doi.org/10.1002/14651858.CD001546.pub3
https://doi.org/10.1002/14651858.CD001546.pub3
https://doi.org/10.1002/bjs.10637
https://doi.org/10.1002/bjs.10637
https://doi.org/10.1056/NEJMoa2014320
https://doi.org/10.1097/SLA.0000000000003225
https://doi.org/10.1097/SLA.0000000000003225


Pediatric Surgery International (2023) 39:11 

1 3

Page 7 of 7 11

the APPAC randomized clinical trial. JAMA 313(23):2340–2348. 
https:// doi. org/ 10. 1001/ jama. 2015. 6154 (PMID: 26080338)

 15. Salminen P, Tuominen R, Paajanen H, Rautio T, Nordström 
P, Aarnio M, Rantanen T, Hurme S, Mecklin JP, Sand J, Vir-
tanen J, Jartti A, Grönroos JM (2018) Five-year follow-up 
of antibiotic therapy for uncomplicated acute appendicitis in 
the APPAC randomized clinical trial. JAMA 320(12):1259–
1265. https:// doi. org/ 10. 1001/ jama. 2018. 13201 (Erratum.
In:JAMA.2018Oct23;320(16):1711. PMID:30264120; 
PMCID:PMC6233612)

 16. Hall NJ, Eaton S, Sherratt FC, Reading I, Walker E, Chorozo-
glou M, Beasant L, Wood W, Stanton M, Corbett H, Rex D, 
Hutchings N, Dixon E, Grist S, Crawley EM, Young B, Blazeby 
JM (2021) Conservative treatment of appendicitis in children: 
a randomised controlled feasibility trial (CONTRACT). Arch 
Dis Child 106(8):764–773. https:// doi. org/ 10. 1136/ archd ischi 
ld- 2020- 320746 (Epub ahead of print. Erratum in: Arch Dis 
Child. 2021 Nov;106(11):e43. PMID: 33441315; PMCID: 
PMC8311091)

 17. Svensson JF, Patkova B, Almström M, Naji H, Hall NJ, Eaton S, 
Pierro A, Wester T (2015) Nonoperative treatment with antibiotics 
versus surgery for acute nonperforated appendicitis in children: a 
pilot randomized controlled trial. Ann Surg 261(1):67–71. https:// 
doi. org/ 10. 1097/ SLA. 00000 00000 000835 (PMID: 25072441)

 18. Patkova B, Svenningsson A, Almström M, Eaton S, Wester T, 
Svensson JF (2020) Nonoperative treatment versus appendectomy 
for acute nonperforated appendicitis in children: five-year follow 
up of a randomized controlled pilot trial. Ann Surg 271(6):1030–
1035. https:// doi. org/ 10. 1097/ SLA. 00000 00000 003646 (PMID: 
31800496)

 19. Maita S, Andersson B, Svensson JF, Wester T (2020) Nonopera-
tive treatment for nonperforated appendicitis in children: a sys-
tematic review and meta-analysis. Pediatr Surg Int 36(3):261–269. 
https:// doi. org/ 10. 1007/ s00383- 019- 04610-1 (Epub 2019 Dec 14. 
PMID: 31838546; PMCID: PMC7012795)

 20. Kessler U, Mosbahi S, Walker B, Hau EM, Cotton M, Peiry B, 
Berger S, Egger B (2017) Conservative treatment versus surgery 
for uncomplicated appendicitis in children: a systematic review 
and meta-analysis. Arch Dis Child 102(12):1118–1124. https:// 
doi. org/ 10. 1136/ archd ischi ld- 2017- 313127 (Epub 2017 Aug 17. 
PMID: 28818844)

 21. Vaos G, Dimopoulou A, Gkioka E, Zavras N (2019) Immediate 
surgery or conservative treatment for complicated acute appen-
dicitis in children? Meta-anal J Pediatr Surg 54(7):1365–1371. 
https:// doi. org/ 10. 1016/j. jpeds urg. 2018. 07. 017 (Epub 2018 Jul 
27. PMID: 30115448)

 22. Duggan EM, Marshall AP, Weaver KL, St Peter SD, Tice J, Wang 
L, Choi L, Blakely ML (2016) A systematic review and individual 
patient data meta-analysis of published randomized clinical trials 
comparing early versus interval appendectomy for children with 
perforated appendicitis. Pediatr Surg Int 32(7):649–655. https:// 
doi. org/ 10. 1007/ s00383- 016- 3897-y (Epub 2016 May 9. PMID: 
27161128)

 23. Fugazzola P, Coccolini F, Tomasoni M, Stella M, Ansaloni L 
(2019) Early appendectomy vs. conservative management in com-
plicated acute appendicitis in children: a meta-analysis. J Pediatr 
Surg 54(11):2234–2241. https:// doi. org/ 10. 1016/j. jpeds urg. 2019. 
01. 065 (Epub 2019 Feb 25. PMID: 30857730)

 24. Hall NJ, Eaton S, Stanton MP, Pierro A, Burge DM, CHINA study 
collaborators and the Paediatric Surgery Trainees Research Net-
work (2017) Active observation versus interval appendicectomy 
after successful non-operative treatment of an appendix mass in 
children (CHINA study): an open-label, randomised controlled 
trial. Lancet Gastroenterol Hepatol 2(4):253–260. https:// doi. org/ 
10. 1016/ S2468- 1253(16) 30243-6 (Epub 2017 Feb 7. PMID: 
28404154)

 25. Young KA, Neuhaus NM, Fluck M, Blansfield JA, Hunsinger MA, 
Shabahang MM, Torres DM, Widom KA, Wild JL (2018) Out-
comes of complicated appendicitis: is conservative management 
as smooth as it seems? Am J Surg 215(4):586–592. https:// doi. 
org/ 10. 1016/j. amjsu rg. 2017. 10. 032 (Epub 2017 Nov 1. PMID: 
29100591)

 26. Simillis C, Symeonides P, Shorthouse AJ, Tekkis PP (2010) A 
meta-analysis comparing conservative treatment versus acute 
appendectomy for complicated appendicitis (abscess or phleg-
mon). Surgery 147(6):818–829. https:// doi. org/ 10. 1016/j. surg. 
2009. 11. 013 (Epub 2010 Feb 10. PMID: 20149402)

 27. Sippola S, Haijanen J, Grönroos J, Rautio T, Nordström P, Ran-
tanen T, Pinta T, Ilves I, Mattila A, Rintala J, Löyttyniemi E, 
Hurme S, Tammilehto V, Marttila H, Meriläinen S, Laukkarinen 
J, Sävelä EL, Savolainen H, Sippola T, Aarnio M, Paajanen H, 
Salminen P (2021) Effect of oral moxifloxacin vs intravenous 
ertapenem plus oral levofloxacin for treatment of uncomplicated 
acute appendicitis: the APPAC II randomized clinical trial. JAMA 
325(4):353–362. https:// doi. org/ 10. 1001/ jama. 2020. 23525 (PMI
D:33427870;PMCID:PMC7802006)

 28. Tytgat HLP, Nobrega FL, van der Oost J, de Vos WM (2019) 
Bowel biofilms: tipping points between a healthy and compro-
mised gut? Trends Microbiol 27(1):17–25. https:// doi. org/ 10. 
1016/j. tim. 2018. 08. 009 (Epub 2018 Sep 12. PMID: 30219265)

 29. Vitetta L, Chen J, Clarke S (2019) The vermiform appendix: an 
immunological organ sustaining a microbiome inoculum. Clin Sci 
(Lond) 133(1):1–8. https:// doi. org/ 10. 1042/ CS201 80956 (PMID: 
30606811)

 30. Cai S, Fan Y, Zhang B, Lin J, Yang X, Liu Y, Liu J, Ren J, 
Xu H (2021) Appendectomy is associated with alteration of 
human gut bacterial and fungal communities. Front Microbiol 
16(12):724980. https:// doi. org/ 10. 3389/ fmicb. 2021. 724980 (PMI
D:34603252;PMCID:PMC8483179)

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1001/jama.2015.6154
https://doi.org/10.1001/jama.2018.13201
https://doi.org/10.1136/archdischild-2020-320746
https://doi.org/10.1136/archdischild-2020-320746
https://doi.org/10.1097/SLA.0000000000000835
https://doi.org/10.1097/SLA.0000000000000835
https://doi.org/10.1097/SLA.0000000000003646
https://doi.org/10.1007/s00383-019-04610-1
https://doi.org/10.1136/archdischild-2017-313127
https://doi.org/10.1136/archdischild-2017-313127
https://doi.org/10.1016/j.jpedsurg.2018.07.017
https://doi.org/10.1007/s00383-016-3897-y
https://doi.org/10.1007/s00383-016-3897-y
https://doi.org/10.1016/j.jpedsurg.2019.01.065
https://doi.org/10.1016/j.jpedsurg.2019.01.065
https://doi.org/10.1016/S2468-1253(16)30243-6
https://doi.org/10.1016/S2468-1253(16)30243-6
https://doi.org/10.1016/j.amjsurg.2017.10.032
https://doi.org/10.1016/j.amjsurg.2017.10.032
https://doi.org/10.1016/j.surg.2009.11.013
https://doi.org/10.1016/j.surg.2009.11.013
https://doi.org/10.1001/jama.2020.23525
https://doi.org/10.1016/j.tim.2018.08.009
https://doi.org/10.1016/j.tim.2018.08.009
https://doi.org/10.1042/CS20180956
https://doi.org/10.3389/fmicb.2021.724980

	Non-operative management of acute appendicitis in children
	Abstract
	Introduction
	Pathophysiology
	Spontaneous resolution of acute appendicitis
	Operative management of acute appendicitis
	Non-operative management of uncomplicated acute appendicitis in adults
	Non-operative management of acute uncomplicated appendicitis in children
	Non-operative management of complicated acute appendicitis in children
	Future studies

	Conclusions
	References




