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ABSTRACT

Purposes: We are aiming to investigate the safety and efficacy of the non-operative treatment (NOT) for the management of
acute appendicitis (AA), to avoid the risk of unnecessary surgery. Methods: The study includes 400 consecutive patients who
were diagnosed as AA. The study involved patients with symptoms <72 h and the first attack of AA. Patients divided into two
equal groups using the “alternation” method. In the first group, patients were hospitalized and received medical treatment, while
in the second group, appendectomy was done. After discharge, follow-up was done in all cases for 2 years. Data collected and
statistically analyzed. Results: The NOT was effectively completed in 185 patients, while 15 patients (7.5%), did not respond
to the NOT regimen as they had continued or deteriorating symptoms and underwent an appendectomy. During the follow-up
period, 14 patients (7%) of the NOT group were readmitted and treated successfully, while 17 patients (8.5%) underwent an
appendectomy. The success rate of the NOT was 84% with safety of 100%. Among patients of the surgery group, 160/200
showed a pathologically inflamed appendix with an efficacy of 80%. Conclusion: In selected cases, AA can be managed by

NOT taking into consideration patient assurance, proper observation, communication, and follow up.
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INTRODUCTION

cute appendicitis (AA) considered as one of the
Amost common lower abdominal emergencies

with an incidence of 89/100,000 annually,!'! and
a lifetime prevalence of about 7-8%.*! Presentation,
clinical assessment, and pathological conditions of
AA vary from one patient to another. About 20% of
patients with AA are presenting with complications such
as abscesses, gangrene, or peritonitis. However, the
mainstream of cases is presented in an uncomplicated
state.””) Till now, appendectomy is the gold-standard
choice for treating AA.P] However, in several studies
over the past decade, there has been an increasing interest
toward the conservative management of this common
condition.*® These literature concentrated mainly on the
safety, efficiency, therapeutic suitability, and economic

competence of the medical treatment as compared to
surgery in the management of AA.537

Conservative management of AA was pronounced by
Stengel in 1908 before the presence of antibiotics® and
by Coldrey in 1956; however, it is not documented at this
time due to lack of diagnostic modalities and antibiotic
deficiency.”! This line of management showed an upsurge
manner over the past decade,’ without a noticeable increase
in the rate of appendix perforation.’! This has led to a revised
physiological as well as the pathologic condition of AA,
which defines how perforated and non-perforated AA might
represent two separate things.!'” Since many questions still
not explained about the conservative management of AA,
our target of the current study is to compare the outcomes of
conservative therapy and surgical treatment for patients with
uncomplicated acute appendicitis (UAA).
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MATERIALS AND METHODS

The present prospective study was conducted in the General
Surgery Department, at Banha University Hospital in Egypt
and King Saud Hospital in Saudi Arabia from November
2015 to November 2018. The study includes 400 consecutive
patients who are diagnosed as uncomplicated AA, after
approval of the study protocol by the ethical committee.
Patients were informed in detail about the possible risks and
advantages of the two procedures (non-operative treatment
[NOT] vs. appendectomy). A separate fully informed written
consent was signed for surgical operation.

Before hospitalization, patients were evaluated through
clinical, laboratory, and radiological exams. History of
pain, nausea and/or vomiting, fever, constipation or diarrhea
was undertaken. Clinical data included right iliac fossa
tenderness, rebound tenderness, and special clinical signs
were determined. Laboratory exams were done by means
of complete blood count (CBC) and white blood cell
(WBC) differential. Diagnostic imaging was done in the
form of abdominal ultrasonography (US). In case the US is
inconclusive, computed tomography (CT) scan was done.
Calculation of the appendicitis inflammatory response (AIR)
score, which is a system for the diagnosis of AA. The AIR
score is made of 2-symptoms, 1-sign, and 4-laboratory results
that were scored as shown in Table 1.0

Inclusion criteria for the present study included: A - Clinical
criteria: Right iliac fossa region localized tenderness,
positive bowel sounds, no palpable abdominal masses, age
>18 years and < 70 years, the patient’s ability to sign consent
and undergo the study procedure, and American Society
of Anesthesiology (ASA) score of I-III. B - biochemical

criteria: Raised count of WBCs and high C-reactive protein
(CRP). C - US criteria: Imaging-confirmed UAA such as a
non-compressible appendix with an outer diameter >6mm
that is tender on probing, secondary signs of inflammation
such as infiltration of the surrounding fat, and increased
vascularity within the wall of the appendix on Doppler US
study. Exclusion criteria included: A - Clinical criteria: Signs
of generalized peritonitis, symptoms long-lasting > 36 h,
pregnant ladies, patients who were hospitalized before and
treated conservatively for AA, suspicion of an underlying
malignancy or inflammatory bowel disease, recognized
allergy to the antibiotics used, patient sharing in another study,
ASA score >III and psychiatric disease. B - Radiological
criteria: Findings suggestive of complex appendicitis on
imaging such as marked and/or turbid free fluid, signs of
intraabdominal mass or abscess, signs of perforation, and a
doubt of an appendiceal faecolith.

Patients divided into two groups (200 patients in each group)
according to the type of AA management as NOT (medical)
group and surgery group. In the present study, we have been
using the “alternation” method as an allocation process
that is not subject to anyone’s personal decision. In this
distribution method, we did the conservative management for
the first patient who included in the study, then the surgical
management for the second patient, then the conservative
management of the third patient, and so on. Diagnosis of AA
was completed through using the AIR score and abdominal
US. Computed tomography (CT) was done in selected
cases. In the group of patients who underwent surgery, AA
was diagnosed pathologically when there is neutrophilic
infiltration of the muscularis propria.l'?! The collected data
included: (1) Patients’ demographics; gender, age, ASA
score, clinical signs and symptoms, CBC, CRP, US, and AIR
score at presentation and associated comorbidities and (2) the

Table 1: The AIR score!''l

Findings Strata Points
Symptoms Vomiting 1
Pain in the right lower quadrant 1
Signs Muscular defense Light 1
Medium 2
Strong 3
Body temperature >38.5°C 1
Laboratory WBC 10000-14999 cells/cumm 1
Equal or more than 15,000/Cu mm 2
Polymorphonuclear leukocytes 70-84% 1
Equal or more than 85% 2
CRP 10—-49 mg/I 1
Equal or more than 50 mg/I 2
AIR scores: Sum 0—-4=Low probability of AA, sum 5-8=Indeterminate group, Sum 9-12=High probability of AA. AIR: Appendicitis
inflammatory response, AA: Acute appendicitis, CRP: C-reactive protein, WBS: White blood cell
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length of hospital stay and pathology results. The primary
endpoint included the hospital stay days. Data collected at
each participating hospital, then compared and analyzed.

The primary outcome of our study was the efficacy and
the success rate of the NOT for UAA, that was defined as
no appendectomy during hospital admission or within the
follow-up period. The safety of the NOT protocol was defined
as the absence of appendiceal perforation in the removed
specimen in patients who underwent an appendectomy. Non-
responders were defined as patients who did not respond to
the NOT and underwent surgery during the initial hospital
admission. Patients who underwent NOT but had a recurrent
attack of AA during the follow-up period were considered
as recurrent AA cases. On the other hand, the efficacy of
surgical management was defined as AA that was confirmed
by the PO pathological reports.

With regard to failure within the NOT group, all patients who
needed surgery during the initial admission considered as
(acute failure), while patients who were readmitted with a new
episode of suspected AA and underwent an appendectomy
within 1 year of follow-up considered as delayed failure. The
failurerate in the surgery (appendectomy) group was evaluated
using two outcome variables (“Failure 1” and “Failure 2”).
Negative appendectomy was considered as “Failure 1,”
while peri - and post-operative (PO) complications (PO ileus
>48 h, wound dehiscence, surgical site infection, or medical
morbidities) were considered as “Failure 2 and categorized
as mentioned in Clavien—Dindo classification.['”

Management of the acute non-complicated
appendicitis
The NOT group: As summarized in Figure 1

Patients kept fasting during the first 12h and intravenous
(IV) fluid given. Patients received one of the following
IV antibiotics: (A) Ceftriaxone IV (1 g) once daily plus
metronidazole IV infusion (IVI) (500 mg) 3 times daily
or (B) ciprofloxacin IVI (200 mg) twice per day plus
metronidazole IVI (500 mg) 3 times daily for 48h. Pain
medication adjusted according to the pain scores and hospital
protocols. Vital parameters are assessed every 6h, including
pain scores. A physician reevaluates the patient twice per
day. After 48h, if the patient meets the predefined discharge
criteria, he/she is discharged home. If not, the NOT continued
with a maximum duration of 72h.

The discharge criteria for the NOT group are:
(1) Temperature <38.0°C, (2) pain scores <4, (3) reduced
WBC count, (4) diminished CRP, (5) tolerate oral intake,
(6) Able to mobilize, and (7) 2" US showed no signs of
complex appendicitis. Patients were discharged with oral
metronidazole (500 mg) 3 times per day plus amoxicillin/
clavulanic acid (1 g) 3 times a day. The total duration of

antibiotic treatment is 7 days. Patients aged >40 years and
allocated to the NOT group; a colonoscopy was indicated
within the follow-up period.

Surgical management group

More specifically, patients were allocated to the surgical
group in the following situations: (1) If they preferred and
underwent immediate surgical treatment from the start or
(2) if they underwent appendectomy within the first 72 h
of NOT; this was based on sequential clinical evaluations
of the on-call surgeon. However, patients who did not
undergo surgery within 72 h belonged to the NOT group.
Appendectomies were done either through conventional
open approach or laparoscopic approach, depending on the
patient’s preference and the on-call surgeon’s decision.

Statistical analysis

The data presented as mean + standard deviation, numbers,
ranges, and ratios. The results analyzed by means of
Wilcoxon’s ranked test. Statistical analysis implemented
using the SPSS version 21 (IBM Corp., Armonk, NY, USA)
for Windows statistical package. P-value was considered
statistically significant if <0.05.

RESULTS

The study contained 400 consecutive patients who came
to our emergency room suffering from acute abdominal
pain and diagnosed as AA. Patients were divided into two
equal groups; (1) the NOT group, underwent a NOT and
(2) the surgery group, underwent appendectomy for AA. No
difference regarding age, sex, and ASA score among patients
of both groups. Medical history, clinical findings, AIR score,
and pre-operative diameter of the appendix also were not
statistically different in both groups (Table 2).

Cohort data of the study are described in Figure 2. The
NOT protocol was effectively completed in 185 patients
who were discharged home without operation. However,
15 patients (7.5%) did not respond to the NOT regimen,
and they had a continuous or deteriorating abdominal
pain or tenderness and underwent appendectomy within
3 days of admission. Histology examination revealed two
gangrenous un-perforated appendices; 10 with inflamed
appendices, 2 with mild acute subsiding appendicitis with
lymphoid hyperplasia, and 1 with appendicolith without
inflammatory changes [Figure 2]. Overall, 31 patients
(15.5% of the NOT group) were readmitted for recurrent
AA during the follow-up period. 14 patients (7%) were
admitted 1-12 months after discharge and were treated
successfully with NOT for the 2" time after consent.
However, the remaining 17 patients (8.5%) underwent
an appendectomy. Histology of the 17 patients who were
operated revealed no inflammation in 4 cases and AA in
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Figure 1: Flow chart of the non-operative treatment in patients with uncomplicated acute appendicitis
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Figure 2: Summary of our cohort study comparing the non-operative treatment and surgery in the treatment of uncomplicated

acute appendicitis

13/17 patients, including 1/17 with gangrenous changes
without perforation [Figure 2]. The overall success rate
in the NOT group was 168/200 (84%) with a failure rate
of 32/200 (16%) and safety of 100% as there were no any
appendiceal perforations between cases who failed NOT
and underwent surgery [Figure 2].

On the other hand, among the surgery group, 160/200 of
operated patients showed a pathologically inflamed appendix
with an efficacy of 80%. In the appendectomy group, “Failure
17 was 40/200 (20%) (Non-inflamed appendix depending on
the PO pathological reports) and “Failure 2” encountered
in 17/200 patients with a number of complications varied
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Table 2: Patients’ demographic data and the hospital stay days

Data Strata NOT group (n=200) Surgery group (n=200) P-value
Age 35.53+16.55 36.47+15.21 0.246
Sex Male 93 (46.5%) 101 (50.5%) 0.231
Female 107 (53.5%) 99 (49.5%) 0.188
Clinical picture at presentation Right iliac fossa pain 175 (87.5%) 183 (91.5%) 0.179
Vomiting 105 (52.5%) 100 (50%) 0.513
Diarrhea 34 (17%) 29 (14.5%) 0.451
Urinary complains 20 (10%) 15 (7.5%) 0.469
Fever 82 (41%) 90 (45%) 0.193
Start of attack before presentation <24 h 146 (73%) 138 (69%) 0.344
24-48 h 35 (17.5%) 40 (20%) 0.426
48-72 h 19 (9.5%) 22 (11%) 0.227
Laboratory results at admission CRP (mg/L) 51+4 52+3 0.124
WCC (109/L) 13.2+0.5 12.8+0.7 0.085
AIR score 0-4 33 (16.5%) 25 (12.5%) 0.122
5-8 149 (74.5%) 153 (76.5%) 0.365
9-14 18 (9%) 22 (11%) 0.508
Performed image Abdominal US 200 (100%) 200 (100%)
Abdominal CT 25 (12.5%) 29 (14.5%) 0.268
Follow-up (months) 9-24 (19) 7-24 (18) 0.365
US appendiceal diameter (mm) 6.3-9.6 (7.4) 6.5-9.9 (7.7) 0.211
Hospital stay days 2.4+2.1 (1-5) 1.5+0.8 (2-4) 0.012

Data Are Presented As Mean+SD And Numbers; Ranges And Percentages Are In Parenthesis. SD: Standard Deviation, NOT: Non-Operative

Treatment, US: Ultrasonography

between Grade Il and Grade Illa according to the Clavien-
Dindo classification (Table 3).

DISCUSSION

The diagnosis of AA remains vague, and surgeons benefit
from radiological investigations to supplement the clinical
picture before surgical intervention.'*! However, there are
variable drawbacks of imaging, principally the exposure to
radiation during CT scan in young people. On the other hand,
there are probable several major complications associated
with surgical operations in patients who are diagnosed as
AA.I'" Hence, it is important to determine whether surgical
intervention remains the management of first choice for
treating persons who are diagnosed as having AA. A number
of recent studies have suggested that AA can be managed
with medical treatment. However, many recent studies
concluded that the antibiotic use as a definitive treatment for
AA is actually not simple and depends on numerous factors
(e.g. Complicated versus UAA, adults vs. children, and if it is
a final treatment or interval up to surgery).l'®!"

Our results reveal that there is an alternative management
approach to UAA patients other than surgery. The patients

Table 3: Post-operative complications in the surgery

group categorized according to the Clavien-Dindo

classification
Complication The category Number of
complications*
SSI Grade I 6
Wound dehiscence Grade llla 2
PO ileus>48 h Grade I 5
PO fever Grade Il 15

Data are presented as numbers. *One patient may have more
than one complication, PO: Post-operative, SSI: Surgical site
infection

with UAA can be advised that there is a safe option of NOT,
and it is effective in most cases. Furthermore, they must be
informed that the hospital stay will be longer for a mandatory
close clinical observation and that is NOT might fail within
1-3 days in about 7-8% of cases, and an around 15-16%
might need a second course of NOT. In general, about 18-20%
will need surgical management for removal of the appendix
during the follow-up period, without any extra morbidities
or appendiceal perforation. Our experience in this study
shows that, despite a potentially longer hospitalization, most
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patients preferred NOT through the initial hospital admission
compared to the immediate operation for UAA.

The present study assessed the safety and feasibility of the
NOT for uncomplicated AA, using predefined criteria. In our
cohort of 400 patients with a diagnosed AA, 200 underwent
NOT. Among these, 168 (84%) were managed without
surgery and successfully completed the initial NOT with a
median follow-up of 19 (9-24) months. In our study, there
were no appendiceal perforations occurred in the group of
patients who failed the NOT. This is consistent with the results
of a recent meta-analysis!'” that included many studies about
the safety and efficacy of NOT in cases of UAA, showed that
NOT for UAA is effective, with success rate of 79% at final
follow-up. This meta-analysis reported a 14% recurrence in
AA throughout the follow-up period with no severe adverse
events. This agrees with the results of our study in which
31/200 (15.5%) of the NOT group patients had a recurrent
attack of AA during a median follow-up period of 19 (9-24)
months. Among these group patients with recurrent AA,
11/200 (5.5%) had a successful 2 NOT trial. On the other
hand, among the surgery group of our study, 160/200 of
operated patients showed a pathologically inflamed appendix
with an efficacy of 80%. We think that our policy of giving
IV antibiotics for 3 days and excluding cases of AA with
appendicolith from the NOT group might be an important
contributing factor in our high success rates. However,
a short course of antibiotics might lead to unsuccessful
treatment. The aforementioned meta-analysis conclusion was
that the absence of major variances in outcomes between
NOT and appendectomy, and there was a balance between
the results of both treatment modalities. However, the authors
mentioned that no recommendation can be given until there
are large-scale randomized studies comparing the NOT with
appendectomy in the UAA.

On the dispute of the above-mentioned results and opinions,
Kessler et all'™ in their recent systematic review that
evaluated the NOT and appendectomy for management of
UAA in children in a five cohort and randomized studies!'”!
found that in general, there were a few post-appendectomy
complications, with comparable numbers in NOT and
appendectomy (2% in both procedures). However, when they
had analyzed the efficacy of NOT versus appendectomy, they
found that appendectomy had an 82.5% success rate and NOT
had a success rate of 74% (less efficacious). In addition, the
appendectomy was associated with lower readmission rates
compared to NOT. Their conclusion was that the surgical
treatment should still be considered the management of first
choice for UAA in children. In spite of a higher success rate
in the NOT group our study, we do not support giving up
surgery for AA, as appendectomy can eliminate appendicitis
forever. We argue that if we applied to a strict inclusion and
exclusion criteria in selected patients with UAA, NOT can be
efficacious and safe and patients prefer it very much. We think

that our protocol of regular follow-up that extended in some
cases up to 24 months with a mean duration of 19 months in
the NOT group through fixed visits to the outpatient clinic,
an available line for patients’ communication in case of
abdominal symptom recurrence, was essential to our study’s
success.

The pathology reports of the removed appendices of patients
who failed NOT reveal the safety of the non-operative
medical management of UAA. Between 17 removed
appendices after recurrent AA, 1/17 was gangrenous, 12/17
were inflamed, and 4/17 had no inflammation. There was
no case of the perforated appendix in our study group with
safety of 100%. This result agrees with several recent studies
which confirmed that a delay of surgery in UAA is safe and
not associated with an increase in the rate of appendiceal
perforation, as well as this does not rise the hazard for PO
morbidities.'” In our study, we included only patients with
abdominal pain for <3 days before presentation depending
on the hypothesis that has been established by other studies
and mentioned that long time of complaints leads to greater
danger for complicated AA.2% It’s important to mention that
our study, as well as in others, the NOT is not preferred when
appendicolith is found.""*'! The more likely explanation is
that the appendicolith causes an irreversible obstruction in the
lumen of the appendix, contrary to the lymphoid hyperplasia
that causes a reversible obstruction.*?

Allievi et al.'® in their study agree with us and concluded
that the conservative treatment of AA seemed to be safe and
effective, and they explained this by mentioning that, if we
consider negative appendectomy as a failure, the NOT was
associated with a lesser percentage of failures (16.5%), as
compared to the appendectomy (28.4%). This goes with our
results, in which the failure rate of NOT was 7.5%, while in
the surgery group, the “failure 1” (negative appendectomy)
was 20% and the “failure 2” (PO complications) was 28
events (14%). Furthermore, they agree with us and mentioned
that the surgery group was showing a shorter length of
hospital stay during the hospital admission. Although it is
less cost-effective than surgery for patients with UAA,?
NOT has several advantages. First of all, it avoids the trauma
of surgery and exposure to general anesthesia. Furthermore,
preserving the appendix may be beneficial in that it is a fine
reservoir for bacteria that normally found in the bowel flora,
and required to recolonize the gut after bacterial infections,
for example, diarrheal disease.*%!

CONCLUSION

At the end of our study, we can confirm that, with a strict
diagnostic strategy and firm inclusion and exclusion criteria,
NOT considered as feasible and safe procedure in the
management of UAA with a success rate of 84%. Physicians
should take into consideration that NOT does not compete
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with appendectomy or make surgery obsolete. It is a safe
alternative procedure in selected and appropriate cases.
Further studies should be undertaken in this field to define
the best management strategy for AA.
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