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Purpose: With varied reports on the impact of time to appendectomy on clinical outcomes, the purpose of this study was 
to determine the effect of preoperative in-hospital delay on the outcome for patients with acute appendicitis. 
Methods: A retrospective review of 1,076 patients who had undergone an appendectomy between January 2010 and De-
cember 2013 was conducted. 
Results: The outcomes of surgery and the pathologic findings were analyzed according to elapsed time. The overall 
elapsed time from onset of symptoms to surgery was positively associated with advanced pathology, increased number of 
complications, and prolonged hospital stay. In-hospital elapsed time was not associated with any advanced pathology (P = 
0.52), increased number of postoperative complications (P = 0.14), or prolonged hospital stay (P = 0.24). However, the 
complication rate was increased when the in-hospital elapsed time exceeded 18 hours. 
Conclusion: Advanced pathology and postoperative complication rate were associated with overall elapsed time from 
symptom onset to surgery rather than in-hospital elapse time. Therefore, a short-term delay of an appendectomy should 
be acceptable. 
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INTRODUCTION

Acute appendicitis is one of the most common diseases requiring 
surgery. An instant emergent appendectomy at the time of diag-
nosis was the standard treatment for patients with acute appendi-
citis during the last century. Any delay in surgery was believed to 
increase postoperative complications or to cause a progression to 
complicated appendicitis, including perforation and abscess for-
mation [1, 2]. However, the concept of an emergency appendec-
tomy has been challenged. Recent studies have suggested that de-
laying surgery does not increase morbidity after antibiotics ther-
apy is initiated. Therefore, appendicitis can be managed with a 

semielective strategy [3, 4]. On the other hand, some studies sug-
gest that a delayed appendectomy is unsafe because it increases 
the risk of surgical site infection [5, 6]. 

The timing of surgery for appendicitis remains controversial. 
Further study is required to clarify this issue. Therefore, the objec-
tive of this study is to determine whether the complication rate is 
increased by a short-term delay of surgery for appendicitis. The 
data will be analyzed according to various time intervals, includ-
ing whole elapsed time (from onset of symptoms to time of ap-
pendectomy), prehospital elapsed time (from onset of symptoms 
to hospital arrival), and in-hospital elapsed time (from hospital 
arrival to time of appendectomy).   

METHODS

The medical records of patients who had undergone an appen-
dectomy for acute appendicitis from January 2010 to December 
2013 at Dongguk University Ilsan Hospital were retrospectively 
reviewed. This study was approved by the Institutional Review 
Board at Dongguk University Ilsan Hospital. The vast majority of 
these patients undergoing appendectomies at this hospital were 
admitted through the emergency room where they were first seen 
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by an Emergency Department physician. Ultrasound or com-
puted tomography scan images were obtained at the discretion of 
the Emergency Department physician. Surgical consultations 
were then done when investigations indicated any suspicions of 
appendicitis. Antibiotics (Meicelline, Youngjin Pham, Seoul, Ko-
rea) were administered for all patients immediately after the diag-
nosis of appendicitis. Patients with intraoperative finding of intra-
abdominal abscess or perforated appendicitis were given extended 
courses of antibiotics postoperatively. Appendectomies at this 
hospital are always initiated with a laparoscopic approach. Open 
conversion is done at any time when the surgeon judges that the 
laparoscopic procedure is unsafe or no longer possible. 

Initially, all patients who had undergone an appendectomy dur-
ing the above period were identified. To obtain comparability to 
published studies on appendicitis, we excluded cases with inci-
dental, interval, or negative appendectomies and those with in-
complete medical records. Data were then collected for the re-
maining 1,076 eligible patients. Data were gathered from elec-
tronic medical records and included the following parameters: 
demographic characteristics (age, sex), relevant clinical histories, 
white blood cell count, C-reactive protein (CRP) level, body tem-
perature at admission, overall elapsed time, prehospital elapsed 
time, in-hospital delay, methods of surgery, final pathology, dura-
tion of hospital stay, any postoperative complication, and read-
mission within 30 days. 

Age was analyzed as a categorical variable after the patients had 
been grouped according to age (≤15 years, 16 to 65 years, and >65 
years). All specimens were examined by a pathologist. The sever-
ity of the appendicitis was reported as suppurative, gangrenous, or 
perforated. A patient was defined as having perforated appendici-

tis if a perforation was noted by the pathologist or if it was ob-
served intraoperatively.

Demographics and clinical characteristics are expressed as 
means for continuous variables or proportions for categorical 
variables. The independent t-test was used for quantitative com-
parison of data with 2 variables while the one-way analysis of 
variance was used for data containing three variables. The chi-
square test was used for qualitative comparisons between groups. 
A univariate linear regression analysis was performed to deter-
mine the association between elapsed time and duration of hospi-
tal stay. A receiver operating characteristic (ROC) curve analysis 
was used to determine the time at which the complication rate in-
creased. IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, 
USA) was used for all statistical analyses. A P-value of less than 
0.05 was considered statistically significant. 

RESULTS

A total of 1,076 patients were included in this study. Patient char-
acteristics and their associations with pathologic grade are sum-
marized in Table 1. The mean ± standard deviation age of these 
patients was 35.2 ± 17.1 years (range, 2–85 years). Younger (≤15 
years) and older (>65 years) age groups were associated with ad-
vanced pathology. Gangrenous appendicitis was observed in 
21.4% of younger patients and 40.4% of older patients compared 
to 17.5% in the intermediate age group (16–65 years). Perforated 
appendicitis was also more frequent in the younger (14.8%) and 
the older (19.2%) age groups than in the intermediate (5.8%) age 
group (P < 0.01). 

Fever, defined as a body temperature elevation over 37.8°C in 

Table 1. Patients’ characteristics based on pathologic findings of appendicitis

Variable Overall Suppurative appendicitis Gangrenous appendicitis Perforated appendicitis P-value

No. (%) 1,076 (100) 760 (70.6) 220 (20.4) 96 (8.9)

Age (yr) 35.2 ± 17.1 34.7 ± 17.7 35.7 ± 15.4 36.5 ± 18.2

   ≤15 196 (18.2) 125 (63.8) 42 (21.4) 29 (14.8) <0.01

   >65 104 (9.7) 42 (40.4) 42 (40.4) 20 (19.2) <0.01

   Referencea 776 (72.1) 595 (76.7) 136 (17.5) 45 (5.8)

Male sex 612 (56.9) 424 (69.3) 131 (21.4) 57 (9.3) 0.92

Tarchycardia 124 (11.5) 54 (43.5) 35 (28.2) 25 (20.1) <0.01

Fever 270 (25.1) 126 (46.6) 92 (34.1) 52 (19.3) <0.01

Leukocytosis 783 (72.8) 519 (66.3) 179 (22.9) 85 (10.9) <0.01

CRP elevation 712 (66.2) 454 (63.7) 166 (23.3) 92 (12.9) <0.01

Open conversion 20 (1.9) 7 (35.0) 8 (40.0) 5 (25.0) <0.01

Patient with complication 85 (7.9) 41 (48.2) 25 (29.4) 19 (22.4) <0.01

Hospital stay (day) 3.7 ± 2.6 3.4 ± 2.5 3.8 ± 2.6 5.3 ± 2.8 <0.01

Values are presented as number (%) or mean±standard deviation.
CRP, C-reactive protein.
a16–65 years.
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this study, was noted in 270 patients (19.2%). Fever was correlated 
(P < 0.01) with advanced pathology of appendicitis. Tachycardia, 
leukocytosis, and elevated value of CRP were also associated with 
appendicitis having a more severe pathology. Conversion to open 
surgery during laparoscopic appendectomy occurred in 20 cases 
(1.9%). The open conversion rate increased with increasing 
pathologic grade: 7 conversions (0.9%) in the suppurative appen-
dicitis group, 8 (3.6%) in the gangrenous appendicitis group, and 
5 (5.2%) in the perforated appendicitis group. 

A total of 95 postoperative complications developed in 85 pa-
tients (7.9%). Trocar site infection was the most frequent compli-
cation (n = 36), followed by intra-abdominal abscess (n = 19), il-
eus (n = 12), a lung problem (n = 6), readmission within 30 days 
(n = 7), and other minor problems (n = 15). Advanced pathology 
was significantly correlated with an increased postoperative com-
plication rate and a prolonged hospital stay. The overall mean 
hospital stay was 3.7 ± 2.6 days. The duration of hospital stay was 
correlated (P < 0.01) with advanced pathology. 

The mean value of the overall elapsed time was 32.3 ± 13.2 
hours. The overall elapsed time was categorized in 24-hour inter-
vals for the convenience of analysis. A significant (P < 0.01) asso-
ciation between the overall elapse time and a more advanced pa-
thology was found. To obtain comparability with published data, 
we grouped the in-hospital elapsed time in 6-hour intervals; we 
found that the in-hospital elapsed time was not significantly (P = 
0.40) associated with pathology (Table 2). 

Both the overall elapsed time and the prehospital elapsed time 
were strongly associated with the development of postoperative 
complications. The in-hospital elapsed time was associated with 
postoperative complications with marginal statistical significance 
(P = 0.06). One of the purposes of this study was to reveal how 
long an appendectomy could be delayed without significantly in-
creasing the complication rate. The analysis showed that the com-
plication rate was increased when the in-hospital elapsed time ex-

ceeded 18 hours (Table 3). To more clearly define the time for 
which the complication rate increased sharply, we performed a 
ROC curve analysis. The optimal cutoff time was 22.5 hours, with 
33.5% sensitivity, and 93.1% specificity (Fig. 1). This suggests that 
a relatively short-term delay, which does not exceed 18 hours, of 

Fig. 1. Receiver operating characteristic curve for the sensitivity vs. 
1-specificity. The optimal cutoff point is marked as a white square 
box on the graph.
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Table 2. Pathologic findings, number (%), according to overall, pre-
hospital, and in-hospital elapsed time  

Time (hr)  
Total 

number
Suppurative 
(n = 760)

Gangrenous 
(n = 220)

Perforated 
(n = 96)

P-value

Overall elapsed time

   <24 266 213 (80.1) 45 (16.9) 8 (3.0) -

   24–48 490 381 (77.7) 84 (17.1) 25 (5.1) <0.01

   48–72 130 79 (60.8) 31 (23.8) 20 (15.4) -

   >72 190 87 (45.8) 60 (31.6) 43 (22.6) -

In-hospital delay time

   <6 367 270 (73.6) 70 (19.1) 27 (7.4) -

   6–12 395 280 (70.9) 83 (21.0) 32 (8.1)   0.40

   12–18 221 150 (67.9) 46 (20.8) 25 (11.3) -

   >18 93 60 (64.5) 21 (22.6) 12 (12.9) -

Values are presented as number (%).

Table 3. Complication rates according to overall, pre-hospital, and 
in-hospital elapsed time

Time (hr)  No. of patients
No. of with 

complications (%)
P-value

Overall elapsed time

   <24       266 11 (4.1) -

   24–48   490 34 (6.9) <0.01

   48–72 130 14 (10.8) -

   >72 190 26 (13.7) -

Pre-hospital elapsed time

   <24       422 23 (5.5) -

   24–48   412 31 (7.5) <0.01

   48–72 120 13 (10.8) -

   >72 122 18 (14.7) -

In-hospital delay time*

   0–6 367 25 (6.8) -

   6–12  395 29 (7.3)    0.06*

   12–18 221 17 (7.7) -

   >18 93 14 (15.1) -

*P = 0.91 when the variable of >18 hours was excluded.
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an appendectomy does not increase the complication rate. The 
length of hospital stay was greater in proportion to the increased 
overall elapsed time (P < 0.01) and to the increased pre-hospital 
elapsed time (P < 0.01). However, it was not associated with the 
in-hospital elapsed time (P = 0.24).

DISCUSSION

Although the exact mechanism of acute appendicitis remains un-
clear, luminal obstruction of the appendix is believed to be the 
major cause [7]. Obstruction of the appendiceal lumen contrib-
utes to bacterial overgrowth and continued secretion of mucus, 
leading to intraluminal distension and increased wall pressure, 
which can reduce blood flow and result in necrosis and perfora-
tions. An emergency appendectomy has been regarded as manda-
tory until recently because appendicitis is an irreversible progres-
sive disease. Surgical delay might increase the perforation rate and 
morbidity. The necessity for a prompt appendectomy is still 
widely supported by many authors. Ditillo et al. [5] found that the 
risk of developing advanced pathology and complications in-
creased with time in adult patients with acute appendicitis, sug-
gesting that a delay in performing the appendectomy was unsafe. 
Busch et al. [8] reported that an in-hospital delay of more than 12 
hours was an independent risk factor for perforation. In addition, 
the consensus from the 2015 meeting of the European Associa-
tion of Endoscopic Surgery recommended an early appendec-
tomy as an official opinion regardless of contrary views [9].     

Recently, many authors have raised doubts about the irrevers-
ibility in the progress of appendicitis. They argue that not all acute 
appendicitis cases progress to perforation and that appendicitis 
heals spontaneously in many patients [10]. Based on this idea, 
nonoperative management with antibiotics has been suggested 
and practiced for patients with uncomplicated appendicitis [11]. 
In addition, the necessity of emergent surgery has been contra-
dicted by many pieces of evidence. Kim et al. [12] found that sur-
gical morbidity was not affected by surgical delay, but was deter-
mined by overall symptom duration. In a large population-based 
study that used the American College of Surgeons National Surgi-
cal Quality Improvement Program database, Ingraham et al. [13] 
showed that a delayed appendectomy was not associated with in-
creased morbidity. A cohort study by the United Kingdom Na-
tional Surgical Research Collaborative showed that a short delay 
in performing an appendectomy did not increase the complica-
tion rate [14]. 

The results of the present study also support the view that 
semielective surgery for patients with acute appendicitis does not 
increase the postoperative complication rate or prolong the hospi-
tal stay. In more detail, increased overall and prehospital elapsed 
time increased both the proportion of cases with advanced pa-
thology and the rate of postoperative complications. However, the 
in-hospital elapsed time did not affect the outcome in our study. 
This might be due to the assumptions that most perforations in 

appendicitis occur before patients are admitted to hospital and 
that a substantial portion of appendicitis cases might have re-
solved spontaneously rather than progressed to perforation. Ac-
cording to Andersson [10], uncomplicated acute appendicitis can 
be self-limiting, with frequent spontaneous resolution. Therefore, 
acute appendicitis does not very often progress to perforation 
while the patient is in the Emergency Department. In our pa-
tients, prompt administration of antibiotics after the appendicitis 
diagnosis might have impeded the progression of appendicitis. 
Much recent research has shown that antibiotics alone can be 
used to treat patients with uncomplicated acute appendicitis [11, 
15] and that such treatment can halt the inflammatory process of 
perforated appendicitis [16]. 

The association between perforated appendicitis and worse clin-
ical outcome has been well established [1, 2]. Multiple studies 
have reported that the presence of complex appendicitis is the 
predominant determinant of postoperative complications [1, 4]. 
Boomer et al. [17] reported that complex appendicitis was the 
only significant factor in predicting an increased complication 
rate. Abbas et al. [18] also demonstrated that the disease severity 
of appendicitis was the strongest predictor of surgical outcome. 

The results of our study showed that advanced pathology (in-
cluding gangrenous and perforated appendicitis) was more fre-
quent in the younger and the older age groups than in the inter-
mediate age group, regardless of time dely. Whether the natural 
course of appendicitis progression differs according to the age of 
patient is unclear. Nevertheless, an earlier operation would be de-
sirable in these age groups because delayed surgery on a patient 
with perforated appendicitis can significantly increase the postop-
erative complication rate.  

Although surgeons try to avoid any delay of surgery for appen-
dicitis, a prompt operation is not always feasible. The preoperative 
evaluation or consultation can be time consuming for patients 
with comorbidities. A limitation in the available surgical facilities 
may also cause a delay of surgery. In addition, a large portion of 
patients with acute appendicitis visit the hospital in the evening or 
around midnight, at which times operating team members, such 
as an anesthesiologist, nurses, and assistants, are not always avail-
able. The results of this study might lessen the surgeon’s stress in 
such situations as the risk of increasing perforation and subse-
quent morbidity in patients with appendicitis by delaying surgery 
might not be as significant as previously thought. Flexible adjust-
ment of the surgery schedule could increase effective utilization of 
medical resources and lessen surgeon’s fatigue. 

Our results showed that the complication rate was increased 
when the in-hospital elapsed time exceeded 18 hours, which was 
consistent with many other reports [19, 20]. Based on previous 
reports and our experience, a short time delay of surgery for pa-
tients with appendicitis should be safe. For example, the surgery 
could be delayed to the next day for nighttime visitors with acute 
appendicitis. However, a delay of longer than 1 day should be 
avoided because such a delay would increase the complication 
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rate.  
This study has several limitations. First, this study was a single-

hospital-based retrospective analysis. Data collection based on 
electrical medical chart was often impaired by poor documenta-
tion regarding patient’s presentation. In addition, patient’s history 
or review of symptoms was not standardized. Therefore, these 
data might be inaccurate. In addition, cases with incomplete 
medical record were excluded from this study. That the data were 
not from consecutive cases might have led to selection bias. 

In summary, our results demonstrate that the postoperative 
complication rate in patients with appendicitis was associated 
with overall elapsed time from symptom onset to surgery rather 
than with in-hospital elapsed time. Furthermore, an in-hospital 
delay of the appendectomy by 18 hours or less did not adversely 
affect the surgical outcome. Therefore, a short-term delay of an 
appendectomy can be acceptable under certain conditions. 
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