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Nonperforated acute appendicitis, should it be managed as a 
surgical emergency to be operated at the same night of presentation 
or it can be delayed to the next day elective list?: A retrospective 
study
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ABSTRACT
Background: The safety of delaying appendectomy has been widely debated in the surgical literature. Regardless patient-
related causes for delay like patients coming from rural areas, sometimes surgical management is delayed due to many 
causes like diagnostic uncertainty, lack of patient fasting, night presentation, patients with comorbidities who need special 
preparation, failed trial for management with antibiotics, and atypical picture of presenting symptoms. We conducted this 
study to evaluate the safety of 1 night delay before surgery for nonperforated acute appendicitis.
Patients and Methods: Retrospective evaluation of 1942 patients older than 12 years with nonperforated acute appendicitis 
in the period between December 2019 and November 2023. We excluded patients with diffuse peritonitis, pregnant 
women, negative appendectomy, incidental, interval appendectomy, combined surgery (with urologists, obstetricians, and 
gynecologists), operation after consultations from other departments, and patients with severe comorbidities requiring 
intensive care.
Results: The study included 1127 (58.03%) males and 815 (41.97%) females with a mean age of 23.87±8.86 years. The 
classic migrating pain from periumbilical region to the right iliac fossa was present in 1107 (57%) patients. Patients 
were presented after 1–2.5 days following symptoms onset. The hospital interval which means time from ER admission 
till surgery ‘system time’ ranged 9–24 h. Superficial surgical site infection occurred in 136 (7%) patients while intra-
abdominal fluid collection occurred in 13 (0.67%) patients with no mortality.
Conclusion: Our study confirms and contributes additional evidence supporting that nonperforated acute appendicitis in 
selected patients is safe for surgical delay up to 24 h under the administration of intravenous antibiotics. It is not a true 
surgical emergency that should be operated at the same night of presentation. The duration of patients’ symptoms before 
hospital presentation is the most important factor for final patients’ outcome rather than the system time of delay.

INTRODUCTION                                                                 

Acute inflammation of the appendix is one of the most 
prevalent general surgical emergencies worldwide[1,2]. It is 
reported that 7.0–10.0% of emergency department visits 
are due to acute appendicitis[3]. The reported lifetime risk 
of incidence of acute appendicitis is 7–8% worldwide 
which means that approximately one in 13 persons will 
suffer acute appendicitis[4]. Although acute appendicitis 
is relatively rare at the extremes of age, it may occur at 
any age. The risk of developing acutely inflamed appendix 
is more in the second and third decades of life with 8.6% 
male predominance relative to 6.7% female incidence with 
a 1.4 : 1 male/female ratio[5–7].

There are several theories for the pathophysiology 
of acute appendicitis. Many reports document that 
appendiceal luminal obstruction usually is the initiating 

cause of acute appendicitis[8]. Other studies denote 
that luminal obstruction is not an initiating factor for 
acute appendicitis in most patients with phlegmonous 
appendicitis[9,10]. Whether the appendix is obstructed or 
not, finally bacterial proliferation with the invasion of the 
appendiceal wall by intraluminal bacteria is the result[11,12]. 
Many factors can contribute to luminal obstruction such 
as fecolith, lymphoid hyperplasia, parasites particularly 
ascaris, tumors whether primary or metastatic, plant seeds, 
and barium following diagnostic contrast studies[13].

Appendiceal luminal obstruction causes a rise in the 
luminal pressure which can reach up to 65 mmHg and 
more[9]. This high pressure exceeds the venous pressure 
leading to impairment of lymphatic and venous drainage 
resulting in mucosal ischemia secondary to thrombosis 
of the venous drainage of the appendix with continuous 
arteriolar supply which occurs when the luminal pressure 
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increases more than 85 mmHg[9,14]. Mucosal ischemia 
leads to ulceration with invasion of the appendiceal wall 
by intraluminal bacteria most commonly E-coli and 
Enterococci[8,9,14].

The progression of appendiceal inflammation is 
variable and judged by many factors and sometimes it 
may be delayed or even aborted by the patient's defense 
mechanism helped by antibiotics[15]. These important 
factors include extremes of age, associated diseases like 
obesity and diabetes, immunosuppression, location of the 
appendix, presence of fecolith, and omentum. Pregnant 
females, children, and the elderly are more likely to develop 
complicated appendicitis[16]. With the progression of the 
disease if the omentum is well developed, it surrounds 
the inflamed appendix forming an appendicular mass thus 
localizing the infection and preventing it from spreading 
more to the adjacent bowel and peritoneum. If the appendix 

There is no debate that early diagnosis and proper 
surgical management of acute appendicitis is the goal to 
achieve the best results. Appendectomy was considered the 
mainstay for treatment of acute appendicitis since it was 
first reported by McBurney in 1889 until recently there 
were many efforts for conservative management of acute 
appendicitis with antibiotics. In a systematic review by the 
American College of Surgeons, they reported that in simple 
appendicitis ‘antibiotic-first‘ approach was likely safe in 
most of cases, but they and other authors of meta-analysis 
have maintained that appendectomy is still the mainstay of 
management for simple appendicitis[22,23].

Recently there was great controversy regarding the 
appropriate time of surgery for appendicitis. It was reported 
that the perforation risk is time-dependent and delayed 
time to surgery increases patient morbidity[24]. Also it was 
reported by many authors that simple noncomplicated 
inflammation of the appendix may resolve spontaneously 
without need for surgery with good results[25], or can 
be managed conservatively with antibiotics[26,27], or 
surgically managed on elective basis without increasing 
morbidity[28,29].

Patient morbidity, mortality, risk of perforation, and 
poor surgical results are directly related to the stage of 

is perforated and gets surrounded by omentum then an 
appendicular abscess develops.

Noncomplicated and complicated appendicitis are 
distinct diseases with different morbidity of about 6.9% 
in simple appendicitis relative to 20.1% in complicated 
appendicitis[17]. Clinically it is very important to 
differentiate between simple and complicated appendicitis 
because steps of management will differ between both 
of them. Despite that importance, no universally agreed 
definition is present for classification of both entities. 
Many trials were made for differentiate between simple 
and complicated appendicitis (Table 1). There is a 
scoring system that has been validated by the American 
Association for the Surgery of Trauma (AAST) to evaluate 
disease severity by using clinical, radiographic, operative, 
and pathological criteria[18].

Table 1: Proposed definition for complicated appendicitis by many trials

Proposed definition for complicated appendicitis
World Society of Emergency Surgery[7,17] Perforated, nonperforated gangrenous, with fecolith and/or presence of pus, 

or purulent peritonitis, or abscess.
JAMA review[6] Perforated with abscess or phlegmon formation.
European Association of Emergency Surgery[19] Gangrene +/– perforated, intraperitoneal abscess, and fluid collection.
The CODA collaborative[20,21] Septic shock, diffuse peritonitis, recurrent appendicitis, evidence of severe 

phlegmon on imaging, intraperitoneal abscess, free air or more than 
minimal free fluid, or evidence suggestive of neoplasm

JAMA: Journal of the American Medical Association
CODA trial: Comparison of Outcomes of Antibiotic Drugs and Appendectomy

appendicular and perpendicular inflammation at the time of 
the operation. Increasing rates of appendiceal perforation 
and wound infections have been associated with delayed 
surgery according to some authors[30,31]. In contrast, others 
had related appendiceal perforation to prehospital delay 
which means that perforation had already occurred before 
the patient arrival to the hospital, whereas no relation 
was found with in-hospital delay[30,32]. We retrospectively 
conducted this study to evaluate non-perforated acute 
appendicitis, whether to be operated on the same night or it 
can be delayed to the next day's elective list.

PATIENTS AND METHODS:                                                                               

This retrospective study was conducted at Ain Shams 
University hospitals in Egypt and Saudi Hospital in Hajja 
city, Yemen. After approval of the ethical committee, 
1942 patients with nonperforated acute appendicitis in the 
period between December 2019 and November 2023 were 
retrospectively evaluated.

Inclusion criteria

All patients with nonperforated appendicitis older than 
12 years.
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Exclusion criteria

(a) Patients with perforated appendicitis presented 
with general peritonitis, septic shock (those patients 
underwent urgent surgical management at the same night 
of presentation).

(b) Patients managed nonoperatively; who were treated 
conservatively with antibiotics, or those were subjected to 
percutaneous drainage in case of appendicular abscess.

(c) Patients with: negative appendectomy, incidental, 
and interval appendectomy.

(d) Pregnant women and those who were under 13 
years of age.

(e) Combined surgery (with urologists, obstetricians, 
and gynecologists), and operation after consultation from 
other departments.

(f) Patients with severe comorbidities requiring 
postoperative intensive care.

History, physical examination, and laboratory 
investigations were carried out for all patients including 
preoperative white blood cell count, neutrophil count, the 
neutrophil to white blood cell ratio, C-reactive protein 
levels, hemoglobin, biochemistry as blood sugar and liver 
and kidney functions in selected patients, pelviabdominal 
ultrasound, and pregnancy test for females in the 
reproductive age. Abdominal computed tomography (CT) 
scan with contrast was spared for selected cases with 
nonconclusive ultrasound, when diagnosis was not clear, 
or when perforation was suspected.

Antibiotics such as third-generation cephalosporin or 
ciprofloxacin plus metronidazole were started without 
delay just after surgical diagnosis of acute appendicitis 
and were continued until patient discharge. Laparoscopic 
appendectomy was the preferred initial approach while 
open surgery was done if there is a contraindication for 
laparoscopy or in patients with previous abdominal 
surgeries where adhesions were suspected.

The primary decision for surgical intervention and 
timing of appendectomy was made by the attending 
surgeon, with consideration for both clinical urgency 
and logistical feasibility. The main outcome of interest 
was perforation with peritonitis to operate these patients 
at the same night of presentation. Surgical interventions 
at night had been restricted to patients who are critically 
ill with an expected serious morbidity and mortality if 
not operated urgently after rapid resuscitation. Patients 
with nonperforated appendicitis were defined as having 
a noncritical health condition and were scheduled to have 
surgery on the second day morning elective list.

The main predictors of interest were patient interval 
(duration between onset of symptoms as nausea, vomiting, 
and abdominal pain till hospital presentation), and hospital 
interval or system time (time between ER arrival till 
surgery). Cases with appendiceal perforation were also 
analyzed to determine whether the perforation happened 
before or after hospital presentation. The following factors 
were documented from the medical records then assessed:

Age.

Sex.

Patient interval (Duration of symptoms till hospital 
presentation).

Hospital interval (time of ER arrival till surgery).

Diameter of the appendix as reported by ultrasound and 
CT.

Presence of fecolith.

Operative time.

Length of hospital stay.

Operative and postoperative complications.

All appendectomy samples were histologically 
evaluated. Based on the histological evaluation, specimens 
were classified into five grades by disease severity score: 
grade 1, inflamed; grade 2, with gangrene; grade 3, 
perforation with localized collection; grade 4, perforation 
with abscess formation and grade 5, perforation with general 
peritonitis[33]. Medical records were examined to assess ER 
re-presentation in the 30-day postoperative period for any 
complication like ileus, collection or surgical site infection. 
Complication in our study was defined as any deviation 
from the normal postoperative course even after hospital 
discharge within 1 month following appendectomy.

RESULTS:                                                                                  

Statistical analysis

The data were entered into an Excel database where 
continuous data were presented as mean ± SD. Categorical 
data were presented as frequencies and percentages.

Patient demographics

In this study, 1942 patients with nonperforated acute 
appendicitis in the period between December 2019 and 
November 2023 were retrospectively evaluated. The age 
ranged 13–76 years with a mean age of 23.87±8.86 years 
(Table 2). The study included 1127 (58.03%) males and 
815 (41.97%) females (Table 3).
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Presenting symptoms

Nausea and loss of appetite were present in 1807 
(93.04%) patients and vomiting was present in 1530 
(78.78%) patients. Pain in the right lower quadrant was 
present in 1690 (87.02%) patients, while 21 (1.08%) 
patients had flank pain at the right lumbar area in subhepatic 
appendicitis. Pain at the suprapubic area was present in 
185 (9.52%) patients in cases of pelvic appendicitis, while 
central periumbilical pain was present in 39 (2%) patients. 
The classic migrating pain from the periumbilical region 
to the right iliac fossa was present in 1107 (57%) patients. 
Fever was present in 330 (16.99%) patients (Table 3).

Atypical presentation

Three (0.15%) patients were atypically presented 
with abdominal distention only; they were diagnosed as 
having acute appendicitis after CT scan of the abdomen. 
Picture of gastroenteritis including diarrhea and vomiting 
was present in four (0.2%) patients. Epigastric pain was 
the only presenting symptom in five (0.25%) patients 
(Table 3), and Lt iliac fossa pain in two (0.1%) patients 
(intraoperatively found that the inflamed tip of appendix 
was present in a retroileal position crossing the midline in 
a transverse direction to left iliac fossa in a thin patient).

Duration of symptoms

Patients were presented after 1–2.5 days following 
symptoms onset with a mean duration of 1.55±0.41 
days. Four hundred seventy-three (24.35%) patients were 
presented after 1 day, 901 (46.39%) patients were presented 
after 36 h, 458 (23.6%) patients were presented after two 
days, and 110 (5.66%) patients were presented after 60 h 
following symptoms onset (Table 3).

Diagnostic imaging

Abdominal ultrasonography was the primary diagnostic 
imaging modality in all patients. It was sometimes repeated 
in patients with non-conclusive initial ultrasound. CT scan 
of the abdomen was spared for 148 (7.62%) patients with 
atypical symptoms where diagnosis also was not clear by 
ultrasound. The diameter of the inflamed appendix ranged 
5.5–15 mm with a mean diameter of 8.24±1.66 mm (Table 
2). Fecolith was present in the lumen of the appendix in 
188 (9.68%) patients, while ascaris worms accounted for 
appendiceal luminal obstruction in 38 (1.95%) patients.

The waiting time until surgery

Nearly two-thirds (66.01%) of patients were presented 
from evening till midnight, while the remaining third 
(33.99%) of patients were presented after midnight till 
early morning. The hospital interval which means the time 
from ER admission till surgery ‘system time’ ranged 9–24 
h with a mean duration of 13.83±4.89 h.

Causes for system delay

Regardless patient-related causes for the delay to 
be presented to ER like the distance from the hospital 
especially in rural areas where patients seek medical advice 
first in primary care units, sometimes surgical management 
is delayed due to many causes like diagnostic uncertainty, 
lack of patient fasting, night presentation, patients with 
comorbidities who need special preparation, failed trial 
for management with antibiotics, atypical picture of 
presenting symptoms, and sometimes for unavailability of 
the operating room at the time of patient presentation.

Rate of perforation and relation to system delay

In this study, the diagnosis of acute appendicitis was 
made mainly by history and clinical examination plus 
abdominal ultrasound which was repeated for patients with 
unclear diagnosis or when the initial ultrasound denoted 
no definite signs of acute appendicitis. All patients who 
were not operated at night were examined again in the 
second day before surgery to evaluate new symptoms and 
signs. Only one (0.05%) patient examination denoted signs 
of pelvic peritonitis and was found to have perforated 
appendicitis during operation.

Operative time

Either due to expected adhesions resulting from previous 
abdominal surgeries or when there was a contraindication 
to laparoscopy like in patients with pulmonary or cardiac 
comorbidities, 33 (1.7%) patients were managed from 
the start by open appendectomy with operative time 
ranging 18–70 min with mean time of 36.75±16.27 min                                                                                                                      
(Table 2). In the remainder 1909 (98.3%) patients, 
the operative time ranged 22–68 min with mean time 
of 34.69±8.41 min, we started with laparoscopic 
appendectomy where 118 (6.18%) patients were required 
to convert the procedure to open approach either because 
of difficult location of the appendix plus severe and dense 
adhesions, friable base of the appendix, and iatrogenic 
ascending colon injury in one patient with adherent retro 
colic phlegmonous appendicitis.

Length of hospital stay

The hospital stay ranged 2.5–5 days calculated from ER 
presentation till discharge from the hospital with a mean 
duration of 2.72±0.32 days (Table 2). Hospital stay was 
increased in some patients either due to vomiting following 
surgery which delayed initiation of oral intake due to 
prolonged postoperative ileus, or surgical site infection 
which required frequent dressing and control of infection 
before patient discharge from the hospital.
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Table 2: Patient age, diameter of appendix, hospital interval, operative time, and hospital stay

Characteristic Mean Range
Age (years) 23.87±8.86 13–76
Diameter of appendix (mm) 8.24±1.66 5.5–15
Hospital interval (h) 13.83±4.89 9–24
Operative time (min)
 Open appendectomy 33 (1.7%) patients 36.75±16.27 18–70
 Laparoscopic appendectomy 1909 (98.3%) patients 34.69±8.41 22–68
Hospital stay (days) 2.72±0.32 2.5–5

Postoperative complications

One (0.05%) patient suffered postoperative reactionary 
hemorrhage which was managed by returning the patient 
back to the operating room for control of bleeding from 
friable mesoappendix. Superficial surgical site infection 
occurred in 136 (7%) patients where the major number 
of them was in patients who were either operated by open 
approach from the start or those with conversion from 
laparoscopic to open approach (Table 3). This superficial 
wound infection was managed by the removal of some 
stitches with frequent dressings good wound wash with 
saline, and antibiotics according to the result of culture and 
sensitivity.

Postoperative intra-abdominal fluid collection 
occurred in 13 (0.67%) patients, they were managed 
by ultrasound-guided aspiration plus continuation of 
intravenous antibiotics till discharge from the hospital. 
Seven (0.36%) patients were readmitted within 1 month 
following surgery for abdominal distension and vomiting 
with diagnosis of paralytic ileus which responded to 
conservative management. Nine patients had postoperative 
chest infection which ranged from acute bronchitis to basal 
lobar pneumonia in one patient. No mortality or major 
complications was documented in our study. During the 4 
years of the study period, adhesive intestinal obstruction 
was seen in 72 (3.7%) patients where three of them 
needed laparotomy for release of adhesions with smooth 
postoperative recovery.

Table 3: Patient sex, presenting symptoms, duration of symptoms, and postoperative complications

Item Distribution N (%)
Sex Male 1127 (58.03)

Female 815 (41.97)
Presenting symptoms Anorexia and nausea 1807 (93.04)

Vomiting 1530 (78.78)
Periumbilical pain 39 (2)

Shifting pain to RIF 1107 (57)
Fever 330 (16.99)

Abdominal distension 3 (0.15)
Diarrhea and vomiting 4 (0.2)

Epigastric pain 5 (0.25)
Lt iliac fossa pain 2 (0.1)

Duration of symptoms 1 day 473 (24.35)
1.5 days 901 (46.39)
2 days 458 (23.6)

2.5 days 110 (5.66)
Postoperative complications Reactionary hemorrhage 1 (0.05)

Superficial surgical site infection 136 (7)
Intra-abdominal fluid collection 13 (0.67)

Paralytic ileus 7 (0.36)
Chest infection 9 (0.46)

Adhesive intestinal obstruction 72 (3.7)
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DISCUSSION                                                                  

There is no debate that early diagnosis and proper 
surgical management of acute appendicitis is the 
goal to achieve the best results. Appendectomy was 
considered the mainstay for the treatment of acute 
appendicitis until recently there were many efforts for 
conservative management of acute appendicitis with 
antibiotics. The optimal timing for appendectomy 
and the safety of delaying surgical management of 
nonperforated acute appendicitis have been widely 
debated in the surgical literature and it is not only 
an old but also a controversial issue. An example for 
this controversy: it is safe to delay appendectomy for 
uncomplicated appendicitis up to 24 h according to 
the World Society of Emergency Surgery guidelines[7], 
while the European Association for Endoscopic 
Surgery reported increased perforation risk following 
surgical delay[34].

In this study, we found that it is safe for selected 
patients with nonperforated acute appendicitis for 
surgical delay up to 24 h under the administration 
of intravenous antibiotics. In our experience, 
nonperforated acute appendicitis in selected patients is 
not a true surgical emergency that should be operated 
at the same night of presentation and one night of 
hospital delay do not increase surgical complications. 
Appendectomy can be done with second day list on 
semi elective basis and no need to rush for surgery 
at night with exhausted surgeons and nurses to spare 
their effort for a true surgical emergency.

Studies on conservative management of 
nonperforated acute appendicitis with intravenous 
antibiotics sparing surgery only after failure of 
antibiotic management or when there is a recurrence 
of symptoms, found that the complication rate in 
patients with non-perforated acute appendicitis was 
not increased when the hospital interval was increased 
(when surgery was delayed). The perforation rates are 
10.8 and 17.9% in patients with failed conservative 
management and patients with immediate surgical 
management, respectively, after randomization[35]. In 
contrast, it was noted that appendectomy done after 
12 h following hospital presentation was associated 
with a higher risk of perforated appendicitis (29.7 vs. 
22.7%)[31], moreover, the perforation rate is 28.8 and 
33.3% if the surgical delay is 24 h and between 24 
and 48 h, respectively[36]. In the analysis reported by 
Alore et al.[37] they found a complication rate of 8% 
for appendectomies done 2 days following hospital 
presentation relative to rates of 3.4 and 3.6% for 
surgeries delayed to 24 h and 48 h, respectively.

Regardless patient-related causes for delay 
to be presented to ER like the distance from the 
hospital especially in rural areas where patients seek 

medical advice first in primary care units, surgical 
management is delayed due to many causes like 
diagnostic uncertainty, lack of patient fasting, night 
presentation, patients with comorbidities who need 
special preparation, failed trial for management 
with antibiotics, atypical picture of presenting 
symptoms, and sometimes for unavailability of the 
operating room at the time of patient presentation. 
The relationship between system delay following ER 
(Emergency room) admission and surgical results has 
been investigated by several authors who concluded 
that delaying surgical management of nonperforated 
acute appendicitis was not associated with increased 
complications[28,31,38].

The most important factors for operative and 
postoperative complications are duration of symptoms 
and time of hospital presentation following symptoms 
onset[39,40], and many authors reported that the 
perforation rate was not increased due to a short system 
delay before appendectomy[28,29,39,41–45]. Ditillo et al. 
reported that advanced inflammation and more grades 
of pathology are related to prehospital delays, not to 
the hospital interval[40]. Busch et al. documented that 
system delay of more than 12 h was an independent 
factor for perforation risk[31], while others like Teixeira 
et al. documented that despite perforation risk was not 
increased when there was system delay, but the wound 
infection rate increases[30].

A major explanation for our findings about the safety 
of delaying surgery for uncomplicated appendicitis 
in selected patients is that some appendicular 
inflammation may be spontaneously resolved or with 
the aid of intravenous antibiotics when the decision 
goes for conservative management[26,27]. Also, antibiotic 
injection manages infectious and inflammatory factors 
even for advanced stages of perforated appendicitis, 
till elective appendectomy after resolution of 
inflammation like in cases with appendicular mass 
and abscess. This also is augmented by the theory 
that non-complicated and complicated appendicitis 
are distinct diseases with different pathophysiology 
with morbidity of about 6.9% in simple appendicitis 
relative to 20.1% in complicated appendicitis[17]. 
Mostly appendicitis perforates at earlier stages before 
hospital presentation. In this study, all patients were 
examined again in the second day before surgery to 
evaluate new symptoms and signs. Only one (0.05%) 
patient examination denoted signs of pelvic peritonitis 
and found to have perforated appendicitis during 
operation. In our opinion, the patient’s signs were 
underestimated during the initial examination and he 
has perforated appendicitis from the start rather than 
related to system delay.

Patient morbidity and poor surgical results are 
directly related to the stage of appendicular and 
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periappendicular inflammation at the time of the 
operation. Our results match our hypothesis that non-
perforated appendicitis is not a true surgical emergency 
and postoperative surgical results are related to 
the overall time interval from initial symptoms to 
appendectomy. Papziagas and colleagues[46] and a 
systematic review by van Dijk et al. reported that 
surgical complications were not increased if patients 
were operated on within 24 h[47]. Partelli, et al. also 
concluded in their report that surgical results are not 
affected when appendectomies for non-perforated 
appendicitis are postponed to the following day 
elective list[48]. It is suggested that there is a variation in 
the immune response to perforated and non-perforated 
appendicitis augmented by distinct inflammatory 
markers with high immune-triggered tissue destruction 
which causes appendiceal perforation in perforated 
appendicitis, and not the sequel or the following step 
secondary to hospital delay[49–51].

CONCLUSION                                                                                        

Our study confirms and contributes additional evidence 
supporting that nonperforated acute appendicitis in selected 
patients is safe for surgical delay up to 24 h under the 
administration of intravenous antibiotics. Nonperforated 
acute appendicitis is not a true surgical emergency that 
should be operated at the same night of presentation and the 
efforts of the attending surgeon should be spared for real 
surgical emergencies. The duration of patients’ symptoms 
before hospital presentation is the most important factor 
for final patients’ outcome rather than the system time of 
delay.

CONFLICT OF INTEREST                                                  

There are no conflicts of interest.

REFERENCES                                                                

1. Bhangu A, Nepogodiev D, Matthews J, Morley 
G, Naumann D, Ball A, et al. Evaluation of 
appendicitis risk prediction models in adults 
with suspected appendicitis. Br J Surg 2020;                  
107:73–86.

2. van Rossem CC, Bolmers MDM, Schreinemacher 
MHF, van Geloven AAW, Bemelman WA, Acker 
GJD, et al. Prospective nationwide outcome audit 
of surgery for suspected acute appendicitis. Br J 
Surg 2016; 103:144–51.

3. Cervellin G, Mora R, Ticinesi A, Meschi T, 
Comelli I, Catena F, Lippi G. Epidemiology and 
outcomes of acute abdominal pain in a large urban 
Emergency Department: retrospective analysis of 
5,340 cases. Ann Transl Med 2016; 4:362.

4. Stewart B, Khanduri P, McCord C, Ohene-Yeboah 
M, Uranues S, Vega Rivera F, et al. Global disease 
burden of conditions requiring emergency surgery. 
Br J Surg 2014; 101:e9–e22.

5. Bhangu A, Søreide K, Di Saverio S, Assarsson 
JH, Drake FT. Acute appendicitis: modern 
understanding of pathogenesis, diagnosis, and 
management. Lancet 2015; 386:1278–1287.

6. Moris D, Paulson EK, Pappas TN. Diagnosis and 
management of acute appendicitis in adults: a 
review. JAMA 2021; 326:2299–2311.

7. Di Saverio S, Birindelli A, Kelly MD, Catena F, 
Weber DG, Sartelli M, et al. WSES Jerusalem 
guidelines for diagnosis and treatment of acute 
appendicitis. World J Emerg Surg 2016; 11:34.

8. Farmer DL. Clinical practice guidelines for 
pediatric complicated appendicitis: The value in 
discipline. JAMA Surg 2016; 151:e160193.

9. D’Souza N, Nugent K. Appendicitis. Am Fam 
Physician 2016; 93:142–143.

10. Teixeira PG, Demetriades D. Appendicitis. 
changing perspectives. Adv Surg 2013;                     
47:119–140.

11. Sallinen V, Akl EA, You JJ, Agarwal A. Meta-
analysis of antibiotics versus appendicectomy for 
non-perforated acute appendicitis. Br J Surg 2016; 
103:656–667.

12. Naiditch JA, Lautz TB, Daley S, Pierce MC, 
Reynolds M. The implications of missed 
opportunities to diagnose appendicitis in children. 
Acad Emerg Med 2013; 20:592–596.

13. Stringer MD. Acute appendicitis. J Paediatr Child 
Health 2017; 53:1071–1076.

14. Singh JP, Mariadason JG. Role of the fecolith in 
modern-day appendicitis. Ann R Coll Surg Engl 
2013; 95:48–51.

15. Flum DR. Clinical practice. Acute appendicitis – 
appendectomy or the ‘antibiotics first‘ strategy. N 
Engl J Med 2015; 372:1937–43.

16. Hardy K, Ackermann C, Hewitt J. The acute 
abdomen in the older person. Scott Med J 2013; 
58:41–5.

17. Allaway MGR, Eslick GD, Cox MR. The 
unacceptable morbidity of negative laparoscopic 
appendicectomy. World J Surg 2018; 43:405–414.



453

Omar et al.

18. Mouch CA, Cain-Nielsen AH, Hoppe BL, Giudici 
MP, Montgomery JR, Scott JW, et al. Validation 
of the American Association for the Surgery of 
Trauma grading system for acute appendicitis 
severity. J. Trauma Acute Care Surg 2020; 
88:839–846.

19. Vasileiou G, Ray-Zack M, Zielinski M, Qian S, 
Yeh DD, Crandall M. Validation of the American 
Association for the Surgery of Trauma emergency 
general surgery score for acute appendicitis—An 
EAST multicenter study. J. Trauma Acute Care 
Surg 2019; 87:134–139.

20. CODA Collaborative. Antibiotics versus 
appendectomy for acute appendicitis—Longer-
term outcomes. N Engl J Med 2021; 385:2395–
2397.

21. Flum DR, Davidson GH, Monsell SE, Shapiro 
NI, Odom SR, Sanchez SE, et al. A randomized 
trial comparing antibiotics with appendectomy for 
appendicitis. N Engl J Med 2020; 383:1907–1919.

22. Ehlers AP. Evidence for an antibiotics-first 
strategy for uncomplicated appendicitis in adults: 
A systematic review and gap analysis. J Am Coll 
Surg 2016; 222:309–314.

23. Rocha LL, BiancoRossi, FM, SouzaPessoa, CM, 
Campos FND, FonsecaPires, CE, Steinman M. 
Antibiotics alone versus appendectomy to treat 
uncomplicated acute appendicitis in adults: what 
do meta-analyses say? World J Emerg Surg 2015; 
10:51.

24. Bickell NA, Aufses AH, Jr, Rojas M, Bodian C. 
How time affects the risk of rupture in appendicitis. 
J Am Coll Surg 2006; 202:401–406.

25. Ciani S, Chuaqui B. Histological features of 
resolving acute, non-complicated phlegmonous 
appendicitis. Pathol Res Pract 2000; 196:89–93.

26. Hansson J, K¨orner 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; 96:473–481.

27. 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 controlled 
trial. World J Surg 2006; 30:1033–1037.

28. Ingraham AM, Cohen ME, Bilimoria KY, Ko 
CY, Hall BL, Russell TR, et al. Effect of delay 

to operation on outcomes in adults with acute 
appendicitis. Arch Surg 2010; 145:886–892.

29. Abou-Nukta F, Bakhos C, Arroyo K, Koo Y, 
Martin J, Reinhold R, et al. Effects of delaying 
appendectomy for acute appendicitis for 12 to 24 
hours. Arch Surg 2006; 141:504–506. discussion 
506–507

30. Teixeira PG, Sivrikoz E, Inaba K, Talving P, Lam 
L, Demetriades D. Appendectomy timing: waiting 
until the next morning increases the risk of surgical 
site infections. Ann Surg 2012; 256:538–543.

31. Busch M, Gutzwiller FS, Aellig S, Kuettel R, 
Metzger U, Zingg U. In-hospital delay increases 
the risk of perforation in adults with appendicitis. 
World J Surg 2011; 35:1626–1633.

32. Eldar S, Nash E, Sabo E, Matter I, Kunin J, 
Mogilner JG, et al. Delay of surgery in acute 
appendicitis. Am J Surg 1997; 173:194–198.

33. Garst GC, Moore EE, Banerjee MN, Leopold DK, 
Burlew CC, Bensard DD, et al. Acute appendicitis: 
a disease severity score for the acute care surgeon. 
J Trauma Acute Care Surg 2013; 74:32–36.

34. Gorter RR, Eker HH, Gorter-Stam MA, Abis 
GS, Acharya A, Ankersmit M, et al. Diagnosis 
and management of acute appendicitis. EAES 
consensus development conference 2015. Surg 
Endosc 2016; 30:4668–4690.

35. Rollins KE, Varadhan KK, Neal KR, Lobo DN. 
Antibiotics versus appendicectomy for the 
treatment of uncomplicated acute appendicitis: an 
updated meta-analysis of randomized controlled 
trials. World J Surg 2016; 40:2305–2318.

36. Papandria D, Goldstein SD, Rhee D, Salazar 
Y, Arlikar J, Gorgy A, et al. Risk of perforation 
increases with delay in recognition and surgery for 
acute appendicitis. J Surg Res 2013; 184:723–729.

37. Alore EA, Ward JL, Todd SR, Wilson CT, Gordy 
SD, Hoffman MK, Suliburk JW. Population-level 
outcomes of early versus delayed appendectomy for 
acute appendicitis using the American College of 
Surgeons National Surgical Quality Improvement 
Program. J Surg Res 2018; 229:234–242.

38. Chen CC, Ting CT, Tsai MJ, Hsu WC, Chen PC, 
Lee MD, et al. Appendectomy timing: will delayed 
surgery increase the complications? J Chin Med 
Assoc 2015; 78:395–399.



454

SIMPLE APPENDICITIS, IS IT AN EMERGENCY?

39. Pittman-Waller VA, Myers JG, Stewart RM, Dent 
DL, Page CP, Gray GA, et al. Appendicitis: why 
so complicated? Analysis of 5755 consecutive 
appendectomies. Am Surg 2000; 66:548–54.

40. Ditillo MF, Dziura JD, Rabinovici R. Is it safe 
to delay appendectomy in adults with acute 
appendicitis? Ann Surg 2006; 244:656–60.

41. 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.

42. Kearney D, Cahill RA, O’Brien E, Kirwan WO, 
Redmond HP. Influence of delays on perforation 
risk in adultswith acute appendicitis. Dis 
ColonRectum 2008; 51:1823–7.

43. Bhangu A. United Kingdom National Surgical 
Research Collaborative- Safety of short, in-hospital 
delays before surgery for acute appendicitis: 
multicentre cohort study, systematic review, and 
meta-analysis. Ann Surg 2014; 259:894–903.

44. Almstrom M, Svensson JF, Patkova B, 
Svenningsson A, Wester T. In-hospital surgical 
delay does not increase the risk for perforated 
appendicitis in children: a single center 
retrospective cohort study. Ann Surg 2017; 
265:616–21.

45. Hornby ST, Shahtahmassebi G, Lynch S, Ladwa 
N, Stell DA. Delay to surgery does not influence 
the pathological outcome of acute appendicitis. 
Scand J Surg 2014; 103:5–11.

46. Papaziogas B, Tsiaousis P, Koutelidakis I, 
Giakoustidis A, Atmatzidis S, Atmatzidis K. Effect 
of time on risk of perforation in acute appendicitis. 
Acta Chir Belg 2009; 109:75–80.

47. van Dijk ST, van Dijk AH, Dijkgraaf MG, 
Boermeester MA. Meta-analysis of in-hospital 
delay before surgery as a risk factor for 
complications in patients with acute appendicitis. 
Br J Surg 2018; 105:933–945.

48. Partelli S, Beg S, Brown J, Vyas S, Kocher HM. 
Alteration in emergency theatre prioritization 
does not alter outcome for acute appendicitis: 
Comparative cohort study. World J Emerg Surg 
2009; 4:22.

49. Rivera-Chavez FA, Wheeler H, Lindberg G, 
Munford RS, O’Keefe GE. Regional and systemic 
cytokine responses to acute inflammation 
of the vermiform appendix. Ann Surg 2003;                    
237:408–416.

50. Rivera-Chavez FA, Peters-Hybki DL, Barber RC, 
Lindberg GM, Jialal I, Munford RS, et al. Innate 
immunity genes influence the severity of acute 
appendicitis. Ann Surg 2004; 240:269–277.

51. Rubér M, Andersson M, Petersson BF, Olaison G, 
Andersson RE, Ekerfelt C. Systemic Th17-like 
cytokine pattern in gangrenous appendicitis but 
not in phlegmonous appendicitis. Surgery 2010; 
147:366–372.


