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Case Example
A 13-year-old boy presents with a 1 day history of abdominal pain that localized to 
the right lower quadrant. On physical exam he has signs and symptoms consistent 
with acute appendicitis. His laboratories reveal a white blood cell count of 12,000 
per cubic millimeter of blood. He has an ultrasound performed which does not show 
any evidence of perforation, and no fecalith is visualized. The family asks whether 
there is an alternative to surgical appendectomy.

�Introduction

Appendicitis remains the most common surgical emergency in children with a life-
time risk of 7–8% and a peak incidence in the teenage years [1]. In the United 
States, the standard of care for children diagnosed with acute appendicitis is to 
perform a laparoscopic appendectomy. Approximately 60,000 and 80,000 pediatric 
appendectomies are performed each year, with an average cost of approximately 
$9000 [2]. The morbidity rate varies from 5% to 30%, with higher rates reported in 
cases of perforated appendicitis [3–6], defined as either a hole in the appendix or a 
fecalith in the abdomen during the operation [7]. Major complications associated 
with an appendectomy include surgical site and organ-space surgical site infections, 
adhesive small bowel obstruction, hospital readmissions, and reoperation. Minor 
complications include superficial surgical site infections, urinary retention, and uri-
nary tract infections. Efforts to avoid both major and minor complications associ-
ated with appendectomy include the use of antibiotics to manage children with 
uncomplicated appendicitis. There has been growing evidence regarding the use of 
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non-operative management (NOM) for both adults and children with uncomplicated 
appendicitis. In this chapter, we will review the current evidence for NOM in 
children.

�Discussion

Managing children diagnosed with uncomplicated appendicitis without an appendec-
tomy is a treatment option that has gained significant traction in the past few years 
among both providers and patient families. Despite the relatively low-risk implica-
tions of performing an appendectomy, it requires general anesthesia and is an abdomi-
nal operation with inherent risks. Complications related to surgery or anesthesia occur 
in more than 10% of children within 30 days of appendectomy [8]. Even with current 
imaging methods, 6.3% of children in Canada and 4.3% in the United States undergo-
ing appendectomy are subsequently found to have a normal appendix [9].

Several adult trials demonstrate the benefit of using NOM for non-perforated 
appendicitis [10–16]. These trials show the early success rate of NOM to be approxi-
mately 90%. However, this falls to approximately 70% at 1 year, with the risk there-
after unknown [17]. These studies demonstrate similar rates of perforation and fewer 
complications when compared to patients undergoing an appendectomy. Furthermore, 
patients undergoing NOM exhibit improved pain control, shorter sick leave, but 
increased recurrence rates when compared to initial appendectomy [17, 18]. A recent 
systematic review and meta-analysis found a longer hospitalization stay with antibi-
otic treatment but also found an incidental malignancy rate of 0.6% [17]. While this 
is a lower concern in children, it still exists as we have documented an unsuspected 
carcinoid in 0.2% of appendectomy specimens in children [19]. The adult literature 
has identified several predictors for failure of NOM. These include the presence of an 
appendicolith, a phlegmon or abscess on imaging, an elevated white blood cell 
(WBC) count >18,000 or CRP >4 mg/dl, and abdominal pain for more than 48 hours 
[10–16]. Adult patients wishing to undergo NOM for acute appendicitis with any of 
these predictors should be counseled on the increased failure rate.

In children with appendicitis, the literature is a little less mature for NOM 
(Table 7.1) [20–29]. A pilot randomized trial performed in Sweden included 26 oper-
ative patients and 24 non-operative patients and showed a success rate of 92% at 
discharge and 62% at 1 year [27]. Furthermore, at 1 year follow-up, there was no 
increased risk of complications and similar costs among children managed non-
operatively. A second trial published from Japan was a patient choice trial from 2007 
to 2013 in which 78 patients chose NOM and 86 patients elected to undergo surgery 
[28]. With a median follow-up of 4.3 years, the success rate for NOM was 99% at 
discharge and 71% at median follow-up. However, 29% of patients electing for NOM 
had a recurrence at 1 year. There was no difference in the operative time or rates of 
postoperative complications between the two groups. In a feasibility study, 24 
patients between the ages of 5 and 18 years old with less than 48 hours of symptoms 
were enrolled and compared to 50 controls [23]. At an average follow-up of 
14 months, 3 of the 24 patients failed on NOM, and 2 of 21 patients returned with 
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recurrent appendicitis at 43 and 52  days, respectively. Furthermore, two patients 
elected to undergo an interval appendectomy despite the absence of symptoms. The 
appendectomy-free rate at 1 year was 71% with no patient developing perforation or 
other complications. The hospital costs from this study decreased from $4130 to 
$2771 [23].

Finally, a prospective single-institution patient choice trial was performed in the 
United States that enrolled 102 children who met specific clinical inclusion criteria 
[26, 30]. These criteria were 7–18 years of age, less than 48 hours of abdominal 
pain, WBC less than 18,000 cells per microliter, and US or computed tomography 
(CT) scan identifying an appendix less than 1.2 cm in diameter without an appendi-
colith, abscess, or phlegmon. If a patient decides to undergo surgery, they receive an 
urgent laparoscopic appendectomy. Patients who chose non-operative management 
were hospitalized for at least 24 hours to receive intravenous antibiotics. They were 
given a diet after 12 hours; if at 24 hours they had no clinical improvement, they 
underwent laparoscopic appendectomy. Of the 102 enrolled patients, 65 elected for 
surgery, and 37 elected for NOM with antibiotics alone. The success rate for NOM 
was 93% at hospital discharge, 90% at 30-day follow-up, and 76% at 1 year [30]. In 
analyzing quality-of-life scores at 30  days, patients treated with NOM reported 
higher scores and fewer disability days. Furthermore, the authors demonstrated 
lower overall costs, no treatment-related complications, or rates of complicated 
appendicitis at 1 year for patients electing for NOM. The patient preference design 
has been expanded through the Midwest Pediatric Surgery Consortium to enroll 
1000 patients in a funded trial.

Based on the previously described studies [27, 30], there is currently an interna-
tional, multicenter, randomized trial to evaluate NOM for children with acute 
appendicitis (Fig. 7.1). This ongoing trial across 12 children’s hospital in the United 
States, Canada, and Europe will be the largest randomized study to evaluate antibi-
otic treatment of acute appendicitis in children. In this trial, the inclusion criteria are 
age 5–16 years old, clinical and/or radiological diagnosis (US and/or CT scan) of 

Table 7.1  Existing literature for non-operative management of acute uncomplicated appendicitis 
in children

Study
Year of 
publication Study design

Children enrolled  
in non-operative 
management

Minneci et al. 2016 Prospective parent preference-based 
trial

30

Hartwich et al. 2016 Prospective parent preference-based 
feasibility trial

24

Tanaka et al. 2015 Non-randomized retrospective cohort 78
Steiner et al. 2015 Non-randomized prospective cohort 45
Svensson et al. 2015 Pilot randomized control trial 24
Gorter et al. 2015 Non-randomized prospective cohort 25
Koike et al. 2014 Retrospective cohort 130
Armstrong et al. 2014 Non-randomized retrospective cohort 12
Abes et al. 2007 Retrospective cohort 16
Kaneko et al. 2004 Prospective cohort 22
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acute non-perforated appendicitis, and written informed parental consent. Exclusion 
criteria include presentation with an appendiceal mass or phlegmon (on physical 
examination and/or imaging), suspicion of perforated appendicitis, NOM (two or 
more doses of IV antibiotics) initiated at an outside institution, previous episode of 
appendicitis treated non-operatively, positive pregnancy test, diagnosis of cystic 
fibrosis, and current treatment for malignancy.

The ability to establish risk factors for failure of NOM remains essential for 
appropriate patient selection. Published reports in the literature suggest that an 
appendicolith is an adverse indicator for successful NOM [31, 32]. A prospective 
study evaluating the utility of NOM in children with acute appendicitis identified 
47% (9/19) of patients with an appendicolith failing NOM compared to 24% (14/59) 
of patients without an appendicolith (p = 0.05) [28]. Furthermore, a small prospec-
tive, nonrandomized trial in children aged 7–17  years old was terminated early 
because 60% (3/5) of patients with an appendicolith failed NOM at a median follow-
up of 5 months [32]. These findings indicate that parents or caregivers considering 
NOM for their child with an appendicolith should be educated on the reported failure 
rates. The available data does suggest that antibiotics alone for children found with 
an appendicolith on imaging may not be effective for treating acute appendicitis.

Misconceptions from both parents and caregivers that a delay in performing an 
appendectomy leads to a greater likelihood of developing perforated appendicitis 
have challenged the framework for NOM [33]. However, it has been shown that 
delaying appendectomy doesn’t increase the risk of complications [34]. Furthermore, 
the increased public awareness of NOM for children with acute appendicitis is 
slowly improving, and we expect this treatment modality to gain significant traction 
as more studies show its benefit.

Inclusion criteria met

Informed consent obtained

Randomized for non-
operative management?

Non-operative management
• Fluid resuscitation

• Clear liquid diet, advance as 
  tolerated

• Broad spectrum antibiotics; IV
  antibiotics for a minimum of
  12 hours 

Appendectomy
• Fluid resuscitation, NPO
  and initiation of broad
  spectrum antibiotics

• Proceed to the operating
  room for appendectomy

• Perforated: Minimum 3
  days of IV antibiotics.
  Discharge once criteria met.

• Normal appendix or non-
  perforated : no further
  antibiotics and discharge
  once criteria met.

• Discharge criteria: vital
  signs within normal limits,
  tolerating light diet, adequate
  oral pain control, mobile.    

• Prescription for oxycodone
   (0.15mg/kg) every 4 hours
   as  needed for 10 doses.
   Tylenol  and Motrin every
  6 hours at  home as needed
   for pain. 

Rounds day 2*

YESNO

Same/Worse

Rounds day 1

Clinical
Improvement

Worse

Same

• Appendectomy• Appendectomy • Assess patient for discharge

• Discharge criteria: vital
  signs within normal limits,
  tolerating light diet, adequate
  oral pain control

• Total antibiotic course of 10
  days

• Assess patient for discharge

• Discharge criteria: vital
  signs within normal limits,
  tolerating light diet, adequate
  oral pain control

• Total antibiotic course of 10
  days

Clinical
Improvement

* Parent or caregiver can opt out of non-operative management and
proceed with appendectomy

Fig. 7.1  Clinical flowchart for the current international, multicenter, randomized trial to evaluate 
the non-operative management for children with acute appendicitis

L. A. Benedict and S. D. St. Peter



59

A second challenge for NOM in children with acute appendicitis relates to parents 
and caregivers developing a clear understanding of the disease process in order to 
make an informed management decision. A published feasibility study which included 
100 participants highlighted the knowledge gap regarding the perception of appendi-
citis. Caregivers and patients greater than 15 years of age were questioned before and 
after an education session about their understanding of appendicitis. Eighty-two per-
cent of participants thought it was likely or very likely that the appendix would rup-
ture if the operation was delayed. In addition, the participants also acknowledged that 
a rupture of the appendix would lead to severe complications and even death. This 
study highlights the importance of patient and caregiver education which will improve 
the capacity to make decisions on alternative treatments for acute appendicitis [33].

The major limitation of the data on NOM is the inadequate long-term follow-up 
for children, making it difficult to fully assess the failure rate. Furthermore, many of 
the studies evaluating NOM for children with acute appendicitis have a variable 
duration of antibiotic therapy and length of hospital stay. To counteract these limita-
tions, future cohort studies and prospective clinical trials need to establish core 
parameters during the study period so that clinical outcomes can be universally 
measured for comparison.

�Conclusion

Based on the current body of literature utilizing the non-operative approach for 
children with acute uncomplicated appendicitis, the use of antibiotics is a reason-
able treatment alternative to surgery in well-selected patients. Parents and caregiv-
ers should be educated on the potential benefits and risks for this approach. In 
addition, providers should be fully aware of the risk factors that increase the failure 
rate for NOM.

Clinical Pearls

•	 NOM of uncomplicated appendicitis appears to be a reasonable alternative to 
surgery in select patients.

•	 The presence of a fecalith or elevated laboratories is associated with a lower 
likelihood of successful NOM.

•	 Caregiver and patient family education regarding the pathophysiology of appen-
dicitis are crucial prior to recommending NOM.

References

	 1.	Rentea RM, St Peter SD. Pediatric appendicitis. Surg Clin North Am. 2017;97(1):93–112.
	 2.	MacFie J, O’Boyle C, Mitchell CJ, Buckley PM, Johnstone D, Sudworth P.  Gut origin of 

sepsis: a prospective study investigating associations between bacterial translocation, gastric 
microflora, and septic morbidity. Gut. 1999;45(2):223–8.

7  Non-operative Management of Uncomplicated Appendicitis



60

	 3.	 Ikeda H, Ishimaru Y, Takayasu H, Okamura K, Kisaki Y, Fujino J. Laparoscopic versus open 
appendectomy in children with uncomplicated and complicated appendicitis. J Pediatr Surg. 
2004;39(11):1680–5.

	 4.	Malagon AM, Arteaga-Gonzalez I, Rodriguez-Ballester L. Outcomes after laparoscopic treat-
ment of complicated versus uncomplicated acute appendicitis: a prospective, comparative trial. 
J Laparoendosc Adv Surg Tech A. 2009;19(6):721–5.

	 5.	Cash CL, Frazee RC, Smith RW, Davis ML, Hendricks JC, Childs EW, et al. Outpatient lapa-
roscopic appendectomy for acute appendicitis. Am Surg. 2012;78(2):213–5.

	 6.	Tiwari MM, Reynoso JF, Tsang AW, Oleynikov D. Comparison of outcomes of laparoscopic 
and open appendectomy in management of uncomplicated and complicated appendicitis. Ann 
Surg. 2011;254(6):927–32.

	 7.	St Peter SD, Sharp SW, Holcomb GW 3rd, Ostlie DJ.  An evidence-based definition 
for perforated appendicitis derived from a prospective randomized trial. J Pediatr Surg. 
2008;43(12):2242–5.

	 8.	Tiboni S, Bhangu A, Hall NJ. Paediatric surgery trainees research N, the National Surgical 
Research C. Outcome of appendicectomy in children performed in paediatric surgery units 
compared with general surgery units. Br J Surg. 2014;101(6):707–14.

	 9.	Cheong LH, Emil S. Outcomes of pediatric appendicitis: an international comparison of the 
United States and Canada. JAMA Surg. 2014;149(1):50–5.

	10.	Di Saverio S, Sibilio A, Giorgini E, Biscardi A, Villani S, Coccolini F, et al. The NOTA Study 
(Non Operative Treatment for Acute Appendicitis): prospective study on the efficacy and 
safety of antibiotics (amoxicillin and clavulanic acid) for treating patients with right lower 
quadrant abdominal pain and long-term follow-up of conservatively treated suspected appen-
dicitis. Ann Surg. 2014;260(1):109–17.

	11.	Hansson J, Korner U, Khorram-Manesh A, Solberg A, Lundholm K. Randomized clinical trial 
of antibiotic therapy versus appendicectomy as primary treatment of acute appendicitis in 
unselected patients. Br J Surg. 2009;96(5):473–81.

	12.	Shindoh J, Niwa H, Kawai K, Ohata K, Ishihara Y, Takabayashi N, et  al. Predictive fac-
tors for negative outcomes in initial non-operative management of suspected appendicitis. J 
Gastrointest Surg. 2010;14(2):309–14.

	13.	Styrud J, Eriksson S, Nilsson I, Ahlberg G, Haapaniemi S, Neovius G, et al. Appendectomy 
versus antibiotic treatment in acute appendicitis. A prospective multicenter randomized con-
trolled trial. World J Surg. 2006;30(6):1033–7.

	14.	Hansson J, Korner U, Ludwigs K, Johnsson E, Jonsson C, Lundholm K. Antibiotics as first-
line therapy for acute appendicitis: evidence for a change in clinical practice. World J Surg. 
2012;36(9):2028–36.

	15.	Salminen P, Paajanen H, Rautio T, Nordstrom P, Aarnio M, Rantanen T, et al. Antibiotic ther-
apy vs appendectomy for treatment of uncomplicated acute appendicitis: the APPAC random-
ized clinical trial. JAMA. 2015;313(23):2340–8.

	16.	Vons C, Barry C, Maitre S, Pautrat K, Leconte M, Costaglioli B, et al. Amoxicillin plus cla-
vulanic acid versus appendicectomy for treatment of acute uncomplicated appendicitis: an 
open-label, non-inferiority, randomised controlled trial. Lancet. 2011;377(9777):1573–9.

	17.	Findlay JM, Kafsi JE, Hammer C, Gilmour J, Gillies RS, Maynard ND. Nonoperative manage-
ment of appendicitis in adults: a systematic review and meta-analysis of randomized controlled 
trials. J Am Coll Surg. 2016;223(6):814–24 e2.

	18.	Mason RJ, Moazzez A, Sohn H, Katkhouda N. Meta-analysis of randomized trials compar-
ing antibiotic therapy with appendectomy for acute uncomplicated (no abscess or phlegmon) 
appendicitis. Surg Infect. 2012;13(2):74–84.

	19.	Alemayehu H, Snyder CL, St Peter SD, Ostlie DJ.  Incidence and outcomes of unexpected 
pathology findings after appendectomy. J Pediatr Surg. 2014;49(9):1390–3.

	20.	Abes M, Petik B, Kazil S. Nonoperative treatment of acute appendicitis in children. J Pediatr 
Surg. 2007;42(8):1439–42.

	21.	Armstrong J, Merritt N, Jones S, Scott L, Butter A. Non-operative management of early, acute 
appendicitis in children: is it safe and effective? J Pediatr Surg. 2014;49(5):782–5.

L. A. Benedict and S. D. St. Peter



61

	22.	Gorter RR, van der Lee JH, Cense HA, Kneepkens CM, Wijnen MH, In ’t Hof KH, et al. Initial 
antibiotic treatment for acute simple appendicitis in children is safe: short-term results from a 
multicenter, prospective cohort study. Surgery. 2015;157(5):916–23.

	23.	Hartwich J, Luks FI, Watson-Smith D, Kurkchubasche AG, Muratore CS, Wills HE, et  al. 
Nonoperative treatment of acute appendicitis in children: a feasibility study. J Pediatr Surg. 
2016;51(1):111–6.

	24.	Kaneko K, Tsuda M. Ultrasound-based decision making in the treatment of acute appendicitis 
in children. J Pediatr Surg. 2004;39(9):1316–20.

	25.	Koike Y, Uchida K, Matsushita K, Otake K, Nakazawa M, Inoue M, et  al. Intraluminal 
appendiceal fluid is a predictive factor for recurrent appendicitis after initial successful non-
operative management of uncomplicated appendicitis in pediatric patients. J Pediatr Surg. 
2014;49(7):1116–21.

	26.	Minneci PC, Mahida JB, Lodwick DL, Sulkowski JP, Nacion KM, Cooper JN, et  al. 
Effectiveness of patient choice in nonoperative vs surgical management of pediatric uncompli-
cated acute appendicitis. JAMA Surg. 2016;151(5):408–15.

	27.	Svensson JF, Patkova B, Almstrom M, Naji H, Hall NJ, Eaton S, et al. Nonoperative treatment 
with antibiotics versus surgery for acute nonperforated appendicitis in children: a pilot ran-
domized controlled trial. Ann Surg. 2015;261(1):67–71.

	28.	Tanaka Y, Uchida H, Kawashima H, Fujiogi M, Takazawa S, Deie K, et al. Long-term out-
comes of operative versus nonoperative treatment for uncomplicated appendicitis. J Pediatr 
Surg. 2015;50(11):1893–7.

	29.	Steiner Z, Buklan G, Stackievicz R, Gutermacher M, Erez I. A role for conservative antibiotic 
treatment in early appendicitis in children. J Pediatr Surg. 2015;50(9):1566–8.

	30.	Minneci PC, Sulkowski JP, Nacion KM, Mahida JB, Cooper JN, Moss RL, et al. Feasibility of 
a nonoperative management strategy for uncomplicated acute appendicitis in children. J Am 
Coll Surg. 2014;219(2):272–9.

	31.	Aprahamian CJ, Barnhart DC, Bledsoe SE, Vaid Y, Harmon CM. Failure in the nonoperative 
management of pediatric ruptured appendicitis: predictors and consequences. J Pediatr Surg. 
2007;42(6):934–8; discussion 8.

	32.	Mahida JB, Lodwick DL, Nacion KM, Sulkowski JP, Leonhart KL, Cooper JN, et al. High fail-
ure rate of nonoperative management of acute appendicitis with an appendicolith in children. 
J Pediatr Surg. 2016;51(6):908–11.

	33.	Chau DB, Ciullo SS, Watson-Smith D, Chun TH, Kurkchubasche AG, Luks FI.  Patient-
centered outcomes research in appendicitis in children: bridging the knowledge gap. J Pediatr 
Surg. 2016;51(1):117–21.

	34.	Boomer LA, Cooper JN, Anandalwar S, Fallon SC, Ostlie D, Leys CM, et al. Delaying appen-
dectomy does not lead to higher rates of surgical site infections: a multi-institutional analysis 
of children with appendicitis. Ann Surg. 2016;264(1):164–8.

7  Non-operative Management of Uncomplicated Appendicitis


	7: Non-operative Management of Uncomplicated Appendicitis
	Introduction
	Discussion
	Conclusion
	References




