
7https://aps-journal.org

ABSTRACT
Purpose: Although nonoperative treatment of appendicitis (NOTA) in the pediatric 
population has been well reported recently, patient selection and treatment scheme varies 
among studies, making it difficult to establish treatment standards for NOTA.
Methods: In a single medical center, patients younger than 18 years who were diagnosed with 
appendicitis: 1) with abdominal pain not exceeding 24 hours, 2) without radiologic evidence 
of appendicolith or appendiceal perforation or pelvic abscess, and 3) without signs of frank 
generalized peritonitis were offered NOTA, and their data were prospectively collected.
Results: Twenty-two patients with uncomplicated appendicitis agreed to NOTA and were 
enrolled in the study. The initial success rate (resolution of abdominal pain and hospital 
discharge without appendectomy) was 100% (22 out of 22 patients). At a median follow-up 
period of 23.8 months, two patients had recurrence at two and three months after completion 
of NOTA. These patients underwent laparoscopic appendectomy.
Conclusion: Stringent patient selection may be necessary to apply NOTA safely for all 
children with uncomplicated appendicitis. Further studies concerning patient selection and 
conformed treatment protocols for NOTA are required.
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INTRODUCTION

Appendicitis is the most common acute disease of the abdominal region requiring surgical 
intervention in children [1]. Urgent appendectomy has been accepted as the gold standard of 
treatment for over a hundred years. However, the body of research on nonoperative treatment 
of appendicitis (NOTA) has been increasing in recent years in adults and children alike [2]. 
NOTA for uncomplicated appendicitis in the pediatric population has been reported by many 
authors [3-8]. Most studies have found NOTA to be safe and effective in terms of patient 
outcome as well as reduced medical cost [9,10]. However, studies have varied greatly in their 
treatment scheme or assessment of outcome. These studies also had different definitions of 
uncomplicated appendicitis which, at times, led to high failure rates of NOTA.

Adv Pediatr Surg. 2019 Jun;25(1):7-13
https://doi.org/10.13029/aps.2019.25.1.7
pISSN 2635-8778·eISSN 2635-8786

Original Article

Received: May 9, 2019
Revised: Jun 19, 2019
Accepted: Jun 23, 2019

Correspondence to
Sanghoon Lee
Department of Surgery, Samsung Medical 
Center, Sungkyunkwan University School of 
Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 
06351, Korea.
E-mail: 4hooni@gmail.com

Copyright © 2019 Korean Association of 
Pediatric Surgeons
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

Conflict of Interest
No potential conflict of interest relevant to this 
article was reported.

Author Contributions
Conceptualization: L.S.; Data curation: H.J.; 
Formal analysis: L.S.; Funding acquisition: L.S.; 
Investigation: S.J.; Methodology: L.S.K.; Project 
administration: S.J.M.; Resources: L.S.K.; 
Software: S.J.; Supervision: S.J.M.; Validation: 
L.S.; Visualization: S.J.; Writing - original draft: 
L.S.; Writing - review & editing: S.J.

Joonhyuk Son, Sanghoon Lee, Jiyoon Hong, Jeong-Meen Seo, Suk-Koo Lee

Department of Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, 
Korea

Nonoperative Treatment of 
Appendicitis in the Pediatric 
Population: Stringent Patient 
Selection for Successful Application

https://jkaps.org
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
http://crossmark.crossref.org/dialog/?doi=10.13029/aps.2019.25.1.7&domain=pdf&date_stamp=2019-06-28


We have carried out NOTA in pediatric patients using strict diagnostic criteria for 
uncomplicated appendicitis. With rigorous selection of patients, we were able to safely apply 
NOTA in a pediatric population. The results are reported herein.

METHODS

All patients younger than 18 years visiting the emergency room (ER) with abdominal pain and 
diagnosed with appendicitis at Samsung Medical Center (Seoul, Korea) from March through 
September of 2017 were enrolled in this study. Patients' data were prospectively collected 
in the Pediatric Surgery Division database at Samsung Medical Center. Appendicitis was 
suspected when patients presented to the ER with a typical history of abdominal pain initially 
in the epigastric area and migrating to the right lower quadrant. Upon clinical suspicion 
of appendicitis, radiologic evaluation using either abdominal ultrasonography (performed 
by a pediatric radiology specialist) or computed tomography was performed. Diagnosis of 
appendicitis was confirmed when a dilated appendix with a diameter greater than 6 mm with 
periappendiceal infiltration was observed.

NOTA was considered in patients with uncomplicated appendicitis. Uncomplicated 
appendicitis was defined as: 1) appendicitis with a history of abdominal pain not exceeding 
24 hours, 2) without radiologic evidence of appendicolith, appendiceal perforation or pelvic 
abscess, and 3) the absence of signs of frank generalized peritonitis (Table 1).

Upon diagnosis of uncomplicated appendicitis and consent for NOTA, patients were 
admitted and started on intravenous antibiotics consisting of cefazolin and metronidazole. 
Initial assessment of abdominal pain is represented by the Numeric Rating Scale (range 
0–10) and diet (including water) is restricted for the remainder of the day. The patients 
were evaluated on the morning of the following day and when abdominal pain had not 
progressed, regular diet was resumed. Abdominal pain was assessed 3 times throughout the 
second hospital day and progression of pain is considered as NOTA failure and the patient is 
selected for appendectomy. On the third hospital day, when there is no sign of progression of 
abdominal pain the patient is discharged. Lab tests including white blood cell (WBC) count 
and C-reactive protein (CRP) are performed initially, at discharge and at outpatient clinic 
visits. Patient was discharged even if the lab results were not normalized. Oral antibiotics 
(ampicillin-clavulanate) is continued until a total of seven days of antibiotics (intravenous 
plus oral) are given. The patient returns to the outpatient clinic for follow-up examination of 
symptoms. The management protocol for NOTA is outlined in Fig. 1.

This study was approved by the Institutional Review Board at Samsung Medical Center (IRB 
File No. 2019-06-037).
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Table 1. Inclusion criteria for nonoperative treatment of appendicitis
Clinical suspicion of acute appendicitis by a pediatric surgeon
No signs of generalized peritoneal irritation
Radiologic evidence of acute appendicitis

Dilated appendix >6 mm on computed tomography or ultrasound
Periappendiceal infiltration
No appendicolith or abscess or perforation

Duration of abdominal pain ≤24 hours



RESULTS

A total of 32 patients younger than 18 years old and who visited the ER were diagnosed with 
appendicitis. Among them, 23 patients had uncomplicated appendicitis and nine patients 
had complicated appendicitis. Twenty-two out of the 23 patients with uncomplicated 
appendicitis agreed to NOTA and were enrolled in the study. One patient's parents declined 
to participate and underwent laparoscopic appendectomy. All nine patients with complicated 
appendicitis underwent laparoscopic appendectomy. The patient selection process is 
outlined in Fig. 2.

The characteristics of the 22 patients who underwent NOTA are described in Table 2. There 
were nine boys and 13 girls. Mean age of patients was 11.8 years. Mean duration of pain 
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Day#1

· ER visit
· Admission
· NOTA consent
· NPO
· NRS check
· Lab check

· Regular diet
· NRS check

· Discharge
· Regular diet
· NRS check
· Lab check

· OPD f/u
· NRS check
· Lab check

Day#2

IV antibiotics Oral antibiotics

Day#3 Day#7 Day#10

Fig. 1. Management protocol for NOTA. 
NOTA, nonoperative treatment of appendicitis; IV, intravenous; ER, emergency room; NPO, nothing by mouth; 
NRS, Numeric Rating Scale; OPD, outpatient department; f/u, follow-up.

Acute appendicitis
n=32

Uncomplicated appendicitis
n=23

Complicated appendicitis
n=9

Appendectomy
n=9

NOTA enrolled
n=22

Appendectomy
n=1

NOTA completed
n=22

Fig. 2. Flow chart of patient selection and results. 
NOTA, nonoperative treatment of appendicitis.

Table 2. Clinical characteristics of patients
Patient demographics Value (n=22)
Sex

Male 9
Female 13

Age (yr, mean) 11.8 (2–18)
Duration of pain before emergency room visit (hr, mean/range) 12 (1–24)
Imaging modality

Abdominal ultrasonography 5
Computed tomography 17

Appendix size (mm, mean/range) 8.3 (6–12)
Hospital length of stay (day, mean/range) 3 (2–4)



prior to ER arrival was 12 hours. Radiologic evaluation of appendicitis was obtained via 
ultrasonography in five patients and computed tomography in 17 patients. Mean appendix 
diameter upon imaging was 8.3 mm.

Initial success of NOTA, defined as resolution of abdominal pain and hospital discharge 
without appendectomy, was 100% (22 out of 22 patients). Length of hospital stay in these 
patients, including ER stay, was three days (median, range 2–4 days). Abdominal pain during 
admission showed significant decline from baseline with each passing hospital day and was 
0 in all patients at discharge (Fig. 3A). Trends in the change of WBC count and CRP at initial 
ER visit, on discharge day, and on the day of clinic follow-up, is shown in Fig. 3B and C. WBC 
count was significantly decreased from baseline levels on discharge day and at outpatient 
clinic visit (p<0.001). Median follow-up time after discharge was 24.7 months (range 
14.1–27.1 months). Two patients had recurrence of abdominal pain and were diagnosed with 
appendicitis at two and three months after completion of NOTA. These patients underwent 
routine laparoscopic appendectomy and were discharged without complications. Kaplan-
Meier survival analysis revealed that 90% of patients undergoing NOTA were free from 
appendectomy at 15 months (Fig. 4).
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Fig. 3. (A) Pain score reduction according to HD (NRS) (p<0.001). (B) (WBC count reduction of patients (p<0.001). (C) CRP count reduction of patients (p<0.001). 
NRS, Numeric Rating Scale; WBC, white blood cell; CRP, C-reactive protein; ER, emergency room; HD, hospital day; OPD, outpatient department. 
*p<0.05.
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Fig. 4. Kaplan-Meier curve of patients undergone nonoperative treatment of appendicitis to be free from 
appendectomy.



DISCUSSION

The dogma that appendicitis must be surgically managed in all cases has come under much 
scrutiny in recent years, with a large number of studies published on antibiotics therapy as 
the first line treatment for appendicitis in children. However, these studies showed many 
variations in patient selection for NOTA as well as the specifics of NOTA, including type of 
antibiotics used and the length of antibiotic use (Table 3) [9-11]. Moreover, the definition of 
successful NOTA also varied between studies, leading to initial failure rates of NOTA from 1% 
to as high as 14% [12].

Many previous studies selected patients with abdominal symptoms for less than 48 hours 
for NOTA, and some studies don't even have any criteria regarding duration of symptoms. 
Furthermore, some studies included patients who showed appendicolith in radiologic exam. 
We believe that if we select the patients for NOTA strictly, it may be possible to increase the 
initial success rate of NOTA. Therefore, we have applied stringent inclusion criteria of NOTA 
as uncomplicated appendicitis with a history of abdominal pain not exceeding 24 hours, 
without radiologic evidence of appendicolith, appendiceal perforation or pelvic abscess, 
and absence of signs of frank generalized peritonitis. Using these criteria, we have been 
able to achieve successful NOTA in 22 out of 22 consecutive pediatric patients in our center. 
Much of the initial reservation among surgeons surrounding NOTA is due to concerns about 
false positive diagnosis of uncomplicated appendicitis and delayed surgical intervention in 
case of perforation [13]. Although this study involves a relatively small cohort of patients, 
it puts forward selection criteria that may lead to minimization of false positive diagnoses 
of uncomplicated appendicitis and a high success rate of NOTA. There is a possibility 
that such stringent patient selection might lead to more patients receiving treatment with 
appendectomy, who would otherwise have been candidates for NOTA. However, it would 
better ensure patient safety when applying this relatively new treatment scheme in a larger 
study population or even everyday clinical practice.

Another point to raise regarding the safety of applying NOTA is the safety of delaying 
surgery in pediatric appendicitis [14]. Yardeni et al. [15] analyzed data from 126 children 
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Table 3. Earlier studies of non-operative treatment of appendicitis
Study Symptom 

duration (hr)
Exclusion criteria (operation indication) Antibiotics duration Initial success rate 

(%)
Interval 

appendectomy (%)
Abeş et al. [3] <24 - Peritoneal sign Until abdominal tenderness 

resolved
15/16 (94) 2/15 (13)

- Appendicolith
- Free fluid

Armstrong et al. [4] <48 - Hemodynamic compromise Total of 7 day 11/12 (92) 2/11 (18)
- Abscess or phlegmon

Svensson et al. [7] - - Perforated appendicitis IV antibiotics for 48 hr and oral 
anti for 8 day

22/24 (92) 7/22 (32)
- Appendiceal mass

Tanaka et al. [8] - - Pan-peritonitis C-reactive protein level 
decreased to <0.5mg/dL

77/78 (99) 22/77 (29)
- Abscess or phlegmon

Hartwich et al. [5] <48 - Presence of abscess IV antibiotics for 6–8 hr and oral 
antibiotics for 1 wk

21/24 (88) 2/21 (10)
- Perforated appendicitis
- Significant comorbidities

Minneci et al. [6] <48 - White blood cell higher than 18,000 IV antibiotics for minimum of 24 
hr and oral antibiotics for total 
of 10 day

35/37 (95) 7/35 (20)
- Appendicolith, abscess, phlegmon
- Perforation
- Diffuse peritonitis

Values are presented as number (%).
IV, intravenous.



who underwent appendectomy and compared outcome measures according to the time 
interval from ER presentation to surgery. They showed that children receiving appendectomy 
within six and up to 24 hours from initial presentation had similar rates of perforation, 
operative time, postoperative complications, hospital length of stay and medical costs. In the 
treatment protocol of the current study, the patient was closely monitored for progression of 
abdominal pain, which was considered to be a key indicator of NOTA failure. Monitoring is 
most frequently done on the first and second days of admission to ensure early recognition of 
disease progression and timely surgical management. By doing so, NOTA may be more safely 
implemented among patients that require appendectomy after receiving surgery within 24 
hours of presentation.

The limitations of this study are evident and have been discussed previously; the study 
population was small and was not sufficiently powered to prove the success rate of the NOTA 
protocol. However, the study provides supporting evidence for planning future clinical trials 
with larger patient populations applying these inclusion criteria and the treatment scheme 
for NOTA.

In conclusion, nonoperative treatment of uncomplicated appendicitis in children appears to 
be feasible and safe. Stringent patient selection for NOTA may be necessary to increase the 
initial success rate and safely apply NOTA for all children with uncomplicated appendicitis. 
Additional patient selection criteria and a standardized treatment protocol should be 
discussed in further studies.

REFERENCES

 1. Coran AG, Adzick NS. Pediatric surgery. Philadelphia (PA): Elsevier/Saunders; 2012.

 2. Svensson JF, Hall NJ, Eaton S, Pierro A, Wester T. A review of conservative treatment of acute appendicitis. 
Eur J Pediatr Surg 2012;22:185-94. 
PUBMED | CROSSREF

 3. Abeş M, Petik B, Kazil S. Nonoperative treatment of acute appendicitis in children. J Pediatr Surg 
2007;42:1439-42. 
PUBMED | CROSSREF

 4. Armstrong J, Merritt N, Jones S, Scott L, Bütter A. Non-operative management of early, acute appendicitis 
in children: is it safe and effective? J Pediatr Surg 2014;49:782-5. 
PUBMED | CROSSREF

 5. 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;51:111-6. 
PUBMED | CROSSREF

 6. 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 uncomplicated acute appendicitis. JAMA Surg 
2016;151:408-15. 
PUBMED | CROSSREF

 7. Svensson JF, Patkova B, Almström M, Naji H, Hall NJ, Eaton S, et al. Nonoperative treatment with 
antibiotics versus surgery for acute nonperforated appendicitis in children: a pilot randomized controlled 
trial. Ann Surg 2015;261:67-71. 
PUBMED | CROSSREF

 8. Tanaka Y, Uchida H, Kawashima H, Fujiogi M, Takazawa S, Deie K, et al. Long-term outcomes of 
operative versus nonoperative treatment for uncomplicated appendicitis. J Pediatr Surg 2015;50:1893-7. 
PUBMED | CROSSREF

 9. Huang L, Yin Y, Yang L, Wang C, Li Y, Zhou Z. Comparison of antibiotic therapy and appendectomy for 
acute uncomplicated appendicitis in children: a meta-analysis. JAMA Pediatr 2017;171:426-34. 
PUBMED | CROSSREF

12https://aps-journal.org https://doi.org/10.13029/aps.2019.25.1.7

Stringent Criteria for Nonoperative Treatment of Appendicitis

http://www.ncbi.nlm.nih.gov/pubmed/22767171
https://doi.org/10.1055/s-0032-1320014
http://www.ncbi.nlm.nih.gov/pubmed/17706511
https://doi.org/10.1016/j.jpedsurg.2007.03.049
http://www.ncbi.nlm.nih.gov/pubmed/24851770
https://doi.org/10.1016/j.jpedsurg.2014.02.071
http://www.ncbi.nlm.nih.gov/pubmed/26547287
https://doi.org/10.1016/j.jpedsurg.2015.10.024
http://www.ncbi.nlm.nih.gov/pubmed/26676711
https://doi.org/10.1001/jamasurg.2015.4534
http://www.ncbi.nlm.nih.gov/pubmed/25072441
https://doi.org/10.1097/SLA.0000000000000835
http://www.ncbi.nlm.nih.gov/pubmed/26259556
https://doi.org/10.1016/j.jpedsurg.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/28346589
https://doi.org/10.1001/jamapediatrics.2017.0057


 10. Xu J, Adams S, Liu YC, Karpelowsky J. Nonoperative management in children with early acute 
appendicitis: a systematic review. J Pediatr Surg 2017;52:1409-15. 
PUBMED | CROSSREF

 11. Georgiou R, Eaton S, Stanton MP, Pierro A, Hall NJ. Efficacy and safety of nonoperative treatment for 
acute appendicitis: a meta-analysis. Pediatrics 2017;139:e20163003. 
PUBMED | CROSSREF

 12. Gorter RR, The SM, Gorter-Stam MA, Eker HH, Bakx R, van der Lee JH, et al. Systematic review of 
nonoperative versus operative treatment of uncomplicated appendicitis. J Pediatr Surg 2017;52:1219-27. 
PUBMED | CROSSREF

 13. Lietzén E, Mällinen J, Grönroos JM, Rautio T, Paajanen H, Nordström P, et al. Is preoperative distinction 
between complicated and uncomplicated acute appendicitis feasible without imaging? Surgery 
2016;160:789-95. 
PUBMED | CROSSREF

 14. Abou-Nukta F, Bakhos C, Arroyo K, et al. Effects of delaying appendectomy for acute appendicitis for 12 
to 24 hours. Arch Surg 2006;141:504-6. 
PUBMED | CROSSREF

 15. Yardeni D, Hirschl RB, Drongowski RA, Teitelbaum DH, Geiger JD, Coran AG. Delayed versus immediate 
surgery in acute appendicitis: do we need to operate during the night? J Pediatr Surg 2004;39:464-9. 
PUBMED | CROSSREF

13https://aps-journal.org https://doi.org/10.13029/aps.2019.25.1.7

Stringent Criteria for Nonoperative Treatment of Appendicitis

http://www.ncbi.nlm.nih.gov/pubmed/28535960
https://doi.org/10.1016/j.jpedsurg.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28213607
https://doi.org/10.1542/peds.2016-3003
http://www.ncbi.nlm.nih.gov/pubmed/28449821
https://doi.org/10.1016/j.jpedsurg.2017.04.005
http://www.ncbi.nlm.nih.gov/pubmed/27267549
https://doi.org/10.1016/j.surg.2016.04.021
http://www.ncbi.nlm.nih.gov/pubmed/27267549
https://doi.org/10.1016/j.surg.2016.04.021
http://www.ncbi.nlm.nih.gov/pubmed/15017571
https://doi.org/10.1016/j.jpedsurg.2003.11.020

	Nonoperative Treatment of Appendicitis in the Pediatric Population: Stringent Patient Selection for Successful Application
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	REFERENCES


