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Abstract

Background: Acute appendicitis is the most common abdominal surgical emergency in the pedi-
atric age group. The conventional management was to perform appendectomy at the time of
diagnosis. Although appendectomy is a relatively safe procedure it requires anesthesia and is as-
sociated with risks related to surgery. The non-operative management approach was adopted to
avoid potential risks and to give patients and parents alternative safe options rather than sur-
gery. Aim: To evaluate non-operative management safety and feasibility for treatment of pediat-
ric acute non-complicated appendicitis. Patients and Methods: Prospective observational study
was conducted in Suez Canal University Hospital on patients presenting with acute noncompli-
cated appendicitis confirmed by radiological modality. The study included 124 children with ages
ranging from 4 to 12 years. Non-operative management was initiated for 48 hours after applying
strict inclusion criteria with continuous assessment and patients who failed to respond pro-
ceeded to appendectomy. Follow-up of patients was done for 1 year after presentation. Results:
Initial response to non-operative treatment had a statistically significant success rate of (88.8%)
of cases having complete resolution (p-value = 0.001). After one year of follow up about (79%) of
children had complete resolution of symptoms with no appendectomies. The recurrence rate was
about (29%) of cases. Recurrence of symptoms and failure of treatment was correlated to higher
degrees of fever, Abdominal rigidity, higher Alvarado scores and increased appendiceal diame-
ter. Conclusion: Non-operative treatment in cases of pediatric non-complicated acute appendicitis
is safe and feasible option of management but with strict selection criteria of patients to avoid
complications.
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Introduction

Acute appendicitis is considered the most
common surgical emergency in the pediat-
ric age group that requires emergent surgi-
cal intervention with an estimated lifetime
risk of 7%-8%. Although appendicitis can
happen at any age during childhood and
adulthood, its incidence is highest

between the ages of ten to nineteen
years("), Although acute appendicitis is
common, its pathogenesis is not distinct.
The most accepted explanation concluded
is that luminal obstruction by appendico-
lith, stool, lymphoid hyperplasia, or neo-
plasm causes ischemia and favors bacterial
invasion of appendiceal tissue leading to
intraluminal inflammation of the mucosal
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and submucosal layers, followed by com-
plications like suppuration, gangrenous ap-
pendicitis, and perforation®4. Appendec-
tomy is the most frequent surgical emer-
gency procedure done on pediatric pa-
tients and has been the treatment of
choice for acute appendicitis but being an
abdominal operation, it is associated with
risks and complications like bleeding, surgi-
cal site infection and wound complications
including incisional or port hernia, adhe-
sions and small bowel obstruction (0.3% of
cases), injury of surrounding structures
and anesthesia complication®%). Those
risks lead to exploring the option of non-
surgical management with antibiotics as an
alternative safe and effective option for
surgery®), Although The non-operative
treatment approach to manage acute ap-
pendicitis in pediatric age remains contro-
versial at the current time due to a short-
age of randomized controlled trials done
on this age group®, Several studies were
conducted on the safety and success rate
of the non-operative approach with varia-
ble success rates ranging from (58%) up to
(93.7%)79). Treatment with antibiotics is
thought to cause regression in acute ap-
pendicitis due to decreasing lymphoid hy-
perplasia and thus relief obstruction due to
suppression of bacterial infection causing
prevention of ischemia and reducing bac-
terial invasion in the early stage of appen-
dicitis(©). While appendicectomy is still con-
sidered the best treatment line for appen-
dicitis by many surgeons (), the need for a
safe effective alternative to surgery is a
concern to many parents and patients
alike. Reducing the stress of the operation
is the only option and avoiding operative
and anesthesia complications is the main
benefit of the non-operative approach. In
the present study evaluation of non-opera-
tive management of pediatric non-compli-
cated acute appendicitis considering
safety, efficacy, and feasibility to

implement this approach was done to de-
crease the need for and rate of negative
appendectomies.

Patients and Methods

From May 2020 to December 2021, a total
of 124 patients with acute non-complicated
appendicitis presented to pediatric surgery
department (Suez Canal University Teach-
ing Hospitals) were identified and included
in this study. Suez Canal University ethics
and research committee approved this
study. This research adheres to the tenets
of the Declaration of Helsinki. Strict inclu-
sion and exclusion criteria were applied be-
fore starting the non-operative manage-
ment. Inclusion criteria were patients who
were presenting with acute right iliac ab-
dominal pain less than 24 hours of presen-
tation of both sexes with age range from 4
years to 12 years. Patients who were hemo-
dynamically stable and presenting with
symptoms and signs of appendicitis ac-
cording to modified Alvarado score. Pa-
tients must have radiological evidence of
acute non-complicated appendicitis (Ultra-
sonography criteria included incompressi-
ble appendix with an outer diameter of > 6
mm, hyperemia within the appendiceal
wall, infiltration of the surrounding fat sug-
gesting inflammation at right iliac fossa).
Exclusion criteria were Patients who pre-
sented with abdominal pain with more
than 24 hours duration, Patients which had
history or signs or radiological evidence of
appendicolith, perforationin the appendix,
abscess, phlegmon formation, masses, or
gangrenous appendix , patients which had
history or signs of peritonism (persistent
abdominal pain, tachycardia, fever and leu-
kocytosis with abdominal rigidity) and pa-
tients who had history of immunodefi-
ciency or receiving immunosuppressive
drugs or have active malignancy. All pa-
tients fulfilling inclusion criteria were
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subjected to non-operative management
which started after initial assessment ac-
cording to the modified Alvarado score A
complete blood picture (CBC) and Pelvic-
abdominal ultrasound were done before
admission and selected cases were ex-
posed to computed Tomography (CT). All
patients were admitted to the inpatient
ward receiving fluid maintenance fluid
therapy with Nil per os (NPO) state for at
least 12 hours if the patient cannot tolerate
oral intake, then progression of diet was
done gradually. Patients started receiving
V. antibiotics (combination of third gener-
ation cephalosporin with dose of (50 mg /
kg / dose once every 24 hours) and Metro-
nidazole with dose of (20-30 mg /kg / day
every 8 hours), proton pump inhibitors and
l.V. antispasmodics. Follow up of clinical
signs and symptoms (pain, fever, and ab-
dominal rigidity) were done every 4 hours,
CBC follow up was done every 24 hours
and Pelvi-abdominal ultrasound follow up
was after 48 hours. Non-operative treat-
ment was considered a failure if no im-
provements happened during the first 48
hours after admission or the patient condi-
tion worsened at any time during admis-
sion and those cases proceeded to appen-
dectomy immediately. The cases resolved
with non-operative management were dis-
charged with medical treatment consisting
of oral antibiotics for total of 10 days
(amoxicillin-clavulanate  (45mg/kg/dose
every 12 hours) and metronidazole (30
mg/kg/day divided every 8 hours) with oral
antispasmodics or analgesics medication
given when needed. Patients were fol-
lowed up after complete resolution for 1
year after admission by frequent outpa-
tient visits every 3 months or by telephone
to detect any possible complications or re-
currence of symptoms or appendectomy
done outside our hospital. Non-operative
management approach criteria of success
and discharge of patient in this study were

the patient being afebrile patient for 24
hours with relief of abdominal pain, Good
oral compliance and tolerance with food
and oral antibiotics. On the other hand,
non-operative management was consid-
ered failure and patient needed appendec-
tomy if the patient had high grade fever
not responding to treatment for 24 hours,
abdominal pain and tenderness which was
increasing for 48 hours or getting worse,
developing abdominal rigidity and perito-
nism, no tolerance to oral intake and Radi-
ological signs of complication.

Results

The study included 124 patients presented
with acute non-complicated appendicitis
who were subjected to non-operative man-
agement after initial assessment. Sixty-
eight patients were males (54.8%) and fifty-
six were females (45.2 %). Ages ranged
from 4 to 12 years and the mean patient
age was (7.13 £ 3.74) years. The mean of
the total leucocytic count of patients was
improved from (14.2 + 7.1) before treat-
ment to a mean of (7.2  1.4) after treat-
ment (p=0.001). Creactive protein was
also improved from a mean of (32.7 £ 18.8)
to (11.5 + 6.2) after treatment (p=0.002).
The initial success rate of non-operative
treatment protocol was about (88.7%) of
cases (p =0.001) while failed cases were
about (11.3%) of patients who needed im-
mediate appendectomy (p = 0.022) as
shown in Figure (1). The length of hospital
stay mean was (3.1 = 2.7) days. After one
year of patient follow-up up There was a
statistically significant difference among
the study population according to recur-
rence of symptoms and need for readmis-
sion which was 36 children (29%) (p =
0.024) and among those children, only 12
children (9.7%) needed appendectomy (p =
0.002). In that regard, the success rate of
non-operative treatment of pediatric acute
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non-complicated appendicitis is (79%) after
one year of follow up as shown in Figure
(1). There was a correlation between fail-
ure of non-operative management which
resulted in appendectomy and different
characteristic and symptomatic factors of
the study population. High-grade Fever

(p=0.032), migrating pain (p=0.021), ab-
dominal rigidity at the time of initial assess-
ment (p=0.041), and higher Modified Al-
varado Scores (p=0.03) showed a statisti-
cally significant positive correlation with
failure of management and the need of ap-
pendectomy as shown in Table (1).

Figure (1): Success Rate Of Non-operative Treatment

88.80%

I 11.30%

Initial success rate

B Succeeded M Failed

79.00%

Success rate after 1-year follow up

Table 1: The correlation between failure of non-operative treatment

and different characteristic and symptomatic factors

of the study population

Variable R P value
Age -0.021 0.74
Gender 0.011 0.82
Duration of pain 0.124 0.41
Nausea and vomiting 0.117 0.33
Anorexia 0.077 0.72
Fever 0.398 0.032%
Migrating pain 0.412 0.021*
Lax -0.104 0.40
Distention -0.147 0.512
Rigidity 0.285 0.041*
Rebound tenderness 0.204 0.098
Heart Rate 0.124 0.41
Respiratory Rate -0.017 0.74
Temperature 0.401 0.032%
Modified Alvarado Scoring 0.388 0.03*
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Failure of management was also corre-
lated to higher appendiceal diameter by ul-
trasonography (p= 0.021) and Tenderness
elicited during ultrasound examination (p
value= 0.041) as shown in Table (2). While
there is a statically significant relation be-
tween higher modified Alvarado scores
and failure of treatment and need for

appendectomy, the higher modified Al-
varado scores were also related to higher
readmission rates and upon reaching the
high score of 8 and 9, readmission rates
were declining due to most patients being
already failed non-operative treatment
and proceeded to appendectomy (p-value
= 0.002) as shown in Table (3).

Table 2: The correlation between failure of non-operative treatment
and ultrasonography findings of the study population

Variable R P value
Appendix visible -0.021 0.74
Non-compressible 0.011 0.41
Tenderness 0.324 0.041*
Diameter (mm) 0.417 0.021*
Free fluid 0.077 0.72
Abscess 0.112 0.74
Mesenteric Lymphadenopathy 0.104 0.51
Mesenteric fat infiltration -0.147 0.74

Table 3: The distribution of the study population according to Modified Alvarado Score and
success rate of treatment, rate of appendectomy, and readmission.
Modified Alvarado Totaol number Appendectomy Readmission rate
Scoring (AtOt?I Success rate P value (0.001) P value (0.002)
population)
3 15 (12.1%) 15 (100%) 0 (0%) 0 (0%)
4 18 (14.5%) 18 (100%) 0 (0%) 3 (16.7%)
5 27 (21.8%) 26 (96.3%) 1(3.7%) 6 (22.2%)
6 21(16.9%) 19 (90.5%) 2(9.5%) 10 (47.6%)
7 22 (17.7%) 17 (77.3%) 5 (22.7%) 14 (63.6%)
8 13 (10.5%) 3 (23.1%) 10 (76.9%) 3 (23.1%)
9 8 (6.5%) 0 (0%) 8 (100%) 0 (0%)
about (88.7%) of cases and 14 patients
Discussion

In this study of non-operative treatment of
pediatric non-complicated acute appendi-
citis, 124 patients were enrolled as eligible
participants according to inclusion and ex-
clusion criteria like that used in most pub-
lished trials with age ranges between four
and twelve years old. Initially,110 children
responded to non-operative treatment
and were discharged with a success rate of

failed to respond to treatment and under-
went appendectomy (11.3%). After 1 year of
follow-up, 36 of those patients had recur-
rent appendicitis that required readmis-
sion (29%), and 12 patients needed appen-
dectomy (9.7%) while the others re-
sponded to a second trial of non-operative
treatment. This brings the success rate of
non-operative treatment after one year of
follow-up to (79%). These findings prove



33 Non-Operative Management of Pediatric Acute Appendicitis

the feasibility of treating uncomplicated
appendicitis with antibiotics as the first
line. Nearly 4/5 of all patients who initially
presented with uncomplicated appendici-
tis were successfully treated with antibiot-
ics. This study was aimed at assessing the
safety and efficacy of non-operative man-
agement of uncomplicated appendicitis in
a pediatric group. The results support this
approach and build on the existing evi-
dence of using non-operative manage-
ment as a safe and effective alternative to
appendectomy, thus it should always be
considered in selected patients. Compar-
ing our result with a study conducted in
2020 describing the association of non-op-
erative management using antibiotic ther-
apy vs laparoscopic appendectomy with
treatment success and disability days in
children with uncomplicated appendicitis,
among 1068 patients who were enrolled,
370 (35%) chose non-operative manage-
ment. The success rate of non-operative
management at 1 year was (67.1%) Nonop-
erative management was associated with
significantly fewer patient disability days at
1 year than surgery(®. Our study shared
similar characteristics with this study, but
the success rate was higher at 1 year (79%)
with the main differences being that we in-
cluded patients within 24 hours of presen-
tation compared to the 48-hour time limit
in the other study and different choice of
antibiotic regimen. Consistent with our
findings a pilot randomized controlled trial
was conducted in 2015 assessing non-oper-
ative treatment with antibiotics versus sur-
gery for acute non-perforated appendicitis
in children. Fifty patients were enrolled; 26
were randomized to surgery and 24 to non-
operative treatment with antibiotics.
Twenty-two of 24 patients (92%) treated
with antibiotics had initial resolution of
symptoms which is very close to our initial
success rate (88.7%)®. However, 5 five-
year follow-up study on the same

population was published in 2020 indicat-
ing that non-operative treatment was suc-
cessfulin (54%) of cases as (46%) of children
treated with antibiotics for acute non-per-
forated appendicitis had undergone an ap-
pendectomy cementing that treatment
with antibiotics seems to be safe in the in-
termediate-term(),  Further research
should be conducted on that matter, and it
may conclude a more strict system for as-
sessment and follow-up of patients to
avoid negative appendectomy. The radio-
logical diagnosis modalities play a role in
detecting complicated cases and thus in-
creasing success rates as evident from the
study in 2017 where children with acute ap-
pendicitis were investigated by clinical, la-
boratory variables, and abdominal ultra-
sound and divided into two groups: compli-
cated and uncomplicated. Conservative
treatment for uncomplicated appendicitis
had about (58%) success rate which is much
lower than our study. The main reason that
patients with non-visualized appendix
(non-diagnostic ultrasound) were included
in this study with no further Computed to-
mography scan to confirm the diagnosis,
unlike our study which used equivocal ul-
trasound findings in (4%) of total pa-
tients(4). This indicates that while ultra-
sound is incredibly useful in the diagnosis
and detection of complicated appendicitis,
Further imaging may be needed and
should be done to minimize risks in case of
non-conclusive findings of ultrasonogra-
phy. The studies on the effect of non-oper-
ative treatment on biomarker parameters
and appendiceal diameter are limited. In a
study conducted in Turkey in the year 2007
studying non-operative treatment of acute
appendicitis in children, The mean WBC
count before treatment was 15,156 and af-
ter treatment7989. Ultrasound examina-
tion at the time of admission revealed an
enlarged noncompressible appendix with-
out appendicolith or free fluid. The mean



Elzoghby MM. et al.

34

anteroposterior diameter was (7.11+1.01)
mm (range, 6-9.5 mm). Ultrasound exami-
nation was repeated, and the median di-
ameter of the appendix was measured af-
ter 48 hours of treatment in all the pa-
tients. The mean diameter of the appendix
was (4.64 *0.82 mm) range (3.6-6.8
mm)(©), Another cohort study published in
2018 assessed clinical recovery in children
with uncomplicated appendicitis undergo-
ing non-operative treatment White blood
cell count declined from a median (12.9) on
admission to (7.0) after one day of treat-
ment. Median C-reactive protein levels de-
clined from (27.5) on admission to (21.5) af-
ter two days of treatment(>, This data is
comparable and consistent with our find-
ing that there is a significant improvement
in both biomarkers and appendiceal diam-
eter after treatment. In our study, the
white blood cell count went down from a
mean of (14.2 = 7.1) before treatment to a
significant mean of (7.2 * 1.4) after treat-
ment. The mean of C-reactive protein
showed a significant decline from (32.7
18.8) to (11.5 * 6.2) after treatment. The an-
teroposterior diameter of the appendix
went down from a mean of (8.3 + 2.9 mm)
before treatment to a mean of (3.7+ 1.3
mm). That concludes that clinical bi-
omarkers and ultrasonography findings
play a role in predictive value for the suc-
cess of non-operative treatment and
should be assessed properly in future tri-
als. In our study assessment of length of
hospital stay was done and found to be of
mean of (3.1 = 2.7) days. While it was not
comparable to the length of hospital stay
of patients who had urgent appendectomy
due to the lack of a comparison group, it is
significant for further research to compare
the total length of stay in case of appen-
dectomy in our study setting and the cost-
effectiveness of the non-operative ap-
proach. In a meta-analysis of the efficacy
and safety of non-operative treatment for

acute appendicitis, the total length of hos-
pital stay during follow-up was similar for
the non-operative approach and appen-
dectomy(®), Another meta-analysis of vari-
able studies of non-operative treatment
published in 2017 found that the lengths of
hospital stay in antibiotic groups varied
among different studies depending on the
regimen and type of antibiotic prescribed
and that there is significantly longer hospi-
tal stay in the antibiotic group than in the
patients who had appendectomy. This may
be partially explained by the strict criteria
of giving in-patient intravenous antibiotics
for at least 48 hours and discharging the
patient when tolerating oral intake. But
overall, the number of disability days was
fewer for patients treated with antibiotics
than for patients who underwent sur-
gery(), Available pediatric data suggests
that an appendicolith identified in imaging
studies is a risk factor for failure of non-op-
erative management in children with acute
appendicitis, so it is excluded as an exclu-
sion criterion in most studies(™®. In a study
published in 2016, patients were prospec-
tively studied to assess nonoperative treat-
ment in patients with an appendicolith and
the reported failure rate was (60%). The
study was stopped due to patient safety
concerns(". Our study investigated other
factors that predict failure of non-opera-
tive treatment. This study found a signifi-
cant correlation between higher grades of
fever, abdominal rigidity, higher modified
Alvarado scores, and higher appendiceal
diameter measurements at the time of ad-
mission with failure of non-operative treat-
ment and urgent appendectomy. The same
factors were significantly correlated to the
recurrence of appendicitis and the need of
readmission. In the year 2021 cohort study
was conducted to assess of predictive
value of the Alvarado score in the success
of non-operative management and con-
cluded that an Alvarado score of 7 or
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higher, older age, and the presence of an
appendicolith by imaging modalities are
predictors factors of failure of non-opera-
tive approach®®. In our study, we found a
statistically significant relation between
variable-modified Alvarado scores of the
study population and the success rate of
non-operative management and rate of re-
admission. Scores of (3-4) of modified Al-
varado scores were related to (100%) suc-
cess rate. A score of (5) was related to
about (96.3%) success rate of the popula-
tion with the same score. While scores of
(6-7) were related to (90.5%) and (77.3%)
success rates respectively of the popula-
tion of the same score. Finally, the scores
of (8) were related to the lowest rate of
success in the population (23.1%) and a
score of (9) was related to total failure of
the non-operative management approach
in children with that score. The rate of re-
admission was none in patients with a
score of (3) of modified Alvarado score.
The rate of readmission was increasing
steadily as the score increased as a score of
(4) readmission rate was about (16.7%), a
score of (5) readmission rate was about
(22.2%), a score of (6) readmission rate was
(47.6%) and a score of (7) was related to
the highest rate of readmission reaching
about (63.6%) of the population with the
same score. However, the rate of readmis-
sion drops to (23.1%) with a score of (8) and
to none with a score of (9). This decline in
readmission rates in the highest modified
Alvarado score can be explained by most
patients with these scores having already
performed appendectomy and failed non-
operative treatment.

Conclusion

This study concludes that the non-opera-
tive treatment protocol used to manage
non-complicated pediatric acute appendi-
citis is safe and feasible and should be

considered as an alternative to surgery in
selected cases. However, strict criteria
should be placed when applying non-oper-
ative treatment to early diagnose compli-
cations and avoid potential risks. Patients
with a modified Alvarado score of (8) or
higher should be excluded from the non-
operative approach as patients with this
score showed total failure of this ap-
proach.
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