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Abstract

Background Tt is generally believed that appendectomy should be performed immediately to prevent perforation and
complications. Therefore, our objectives were to investigate the effect of timing of appendectomy on the incidence of
perforation and complications.

Methods We retrospectively reviewed the medical records of patients who underwent laparoscopic appendectomy
between January 2014 and June 2015. The time from symptom onset to appendectomy was categorized into three
periods: time from symptom onset to hospital admission (symptomatic time), time from admission to appendectomy
(hospitalization time), and time from symptom onset to appendectomy [symptomatic period + hospitalization period
(overall time)]. Multivariable analyses were performed to identify independent factors associated with perforation
and complications.

Results A total of 1753 patients were included in the present study. Perforation occurred in 28.2% of patients, and
postoperative complications occurred in 10.0% of patients. Multivariable analysis showed that BT > 38 °C
(P = 0.006), WBC count >13,000 cells/ul (P = 0.02), neutrophil ratio >80% (P < 0.001), and symptomatic time
>24h (P <0.001) were independent factors of appendiceal perforation, while the neutrophil ratio >80%
(P < 0.001) and symptomatic time >48 h (P = 0.003) were independently associated with complications.
Conclusions The present study showed that the symptomatic time and overall time were significantly associated with
perforation and complications, whereas hospitalization time was not associated with either perforation or complications.

Introduction

Appendicitis is one of the most common diseases requiring
emergent surgery after the onset of symptoms [1]. It is
generally accepted that prompt surgery is necessary to
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prevent disease progression, which is associated with an
increased risk of morbidity and mortality [2—4]. However,
this concept has been challenged by recent studies showing
that appendicitis can be managed by semi-elective surgery
after initial use of antibiotics [5-7]. In addition, several
studies have reported that the administration of antibiotics
alone enabled surgeons to perform interval appendectomy
at up to 6-8 weeks after the diagnosis of appendicitis
[8, 9]. These studies suggested the possibility of elective
surgery for appendicitis, rather than emergent surgery. An
excessive overnight caseload might increase fatigue among
hospital staff, and a number of studies have emphasized
that sleep deprivation has negative effects on the cognitive
abilities and clinical performance of residents [10-12] and
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might ultimately affect the patient’s safety. Therefore, it
might be prudent to delay some surgical procedures. We
hypothesized that appendectomy could be delayed in a
semi-elective manner to alleviate the surgical caseload and
avoid the negative effects of fatigue and sleep deprivation.
However, some studies have shown that delayed appen-
dectomy is unsafe because the risks of perforation and
complications increase with time [13, 14]. Therefore, the
present study was designed to evaluate the effect of time
from symptom onset to appendectomy on the risks of
perforation and postoperative complications.

Methods

We retrospectively reviewed the medical records of all
patients who were diagnosed with acute appendicitis and
underwent appendectomy at two hospitals affiliated to
Hallym University, Korea (Dong Tan Sacred Heart
Hospital and Kang Dong Sacred Heart Hospital) between
January 2014 and June 2015. Patients underwent either
laparoscopic or open surgery.

We included patients of all ages in this study.

We excluded patients who underwent incidental
appendectomy, interval appendectomy, and negative
appendectomy. We excluded patients who were treated
with antibiotics or percutaneous procedures (e.g., percuta-
neous drainage). We also excluded patients if the time of
symptom onset was not recorded in their medical chart.

Patients’ characteristics included age, gender, American
Society of Anesthesiologists (ASA) score, white blood cell
(WBC) count, neutrophil count, neutrophil-to-WBC ratio
(neutrophil ratio), and body temperature (BT) at initial
diagnosis. Perioperative data included the operation time,
time to flatus, time to soft food intake, postoperative hos-
pital stay, and postoperative complications.

The time from symptom onset to appendectomy was
categorized into three periods: time from symptom onset to
hospital admission (symptomatic time), time from admis-
sion to appendectomy (hospitalization time), and time from
symptom onset to appendectomy [i.e., symptomatic
period 4+ hospitalization period (overall time)]. The times
from admission to the start of surgery were recorded in the
patients’ electronic medical records at both hospitals. The
timing of symptom onset was based on the patient’s
medical history at the first examination. If the time at
symptom onset was precisely recorded (i.e., date and time),
we used the recorded value in the calculation. If the
approximate time at symptom onset was recorded (e.g.,
morning or evening), we estimated the time using 6-h strata
as follows: if the first symptom occurred in the morning,
the onset of symptoms was recorded as 6 a.m.; if the first
symptom occurred in the evening, the onset of symptoms
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was recorded as 6 p.m. Even though some patients were
transferred from other hospitals, we defined the start of
hospitalization as the time of admission to our hospitals.
The continuous variables, including symptomatic time and
hospitalization time, were categorized according to their
mean values.

Perforation was assessed based on the intraoperative
findings. In equivocal cases, perforation was assessed using
the patient’s pathologic report. Postoperative complications
were defined as wound infection, intra-abdominal abscess,
ileus, or acute gastroenteritis (AGE) occurring up to
30 days after the patient was first discharged.

The primary outcomes of this study were to identify
independent factors associated with perforation or postop-
erative complications. The secondary outcome was the
length of postoperative hospital stay.

Statistical analysis

All analyses were performed using IBM SPSS Statistics for
Windows version 23 (IBM Corp., Armonk, NY, USA).
Continuous variables were analyzed using Student’s ¢ test
or the Mann—Whitney U test. Categorical variables were
analyzed using the y* test or Fisher’s exact test. The con-
tinuous variables, including symptomatic time and hospi-
talization time, were categorized according to their mean
values for inclusion in the regression models. The likeli-
hood ratio test was performed to determine the trends in
perforation and complications over time. Multivariable
logistic regression was performed to identify independent
factors associated with perforation or postoperative com-
plications. Confounding factors selected for multivariable
logistic regression included those factors that were found to
be statistically associated with perforation and complica-
tion in univariate analyses as well as factors previously
reported to be associated with perforation and complica-
tions. P values of <0.05 were considered statistically
significant.

Results

A total of 1765 patients with acute appendicitis underwent
appendectomy at Dong Tan Sacred Heart Hospital or Kang
Dong Sacred Heart Hospital between January 2014 and
June 2015. Overall, 1753 (99.3%) patients underwent
laparoscopic appendectomy and 12 (0.7%) patients
underwent open appendectomy. Because so few patients
underwent open surgery, these cases were excluded from
further analysis. Of the 1753 patients, 1258 (71.8%) had
simple appendicitis and 495 (28.2%) had perforated
appendicitis.
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Table 1 shows the patients’ characteristics according to
the presence of perforation. Patients with perforated
appendicitis were significantly older than those with simple
appendicitis (mean: 34. 4 vs. 30.0 years, P < 0.001). In
terms of laboratory/clinical findings, the WBC count,
neutrophil ratio, and BT were higher in patients with per-
forated appendicitis than in patients with simple appen-
dicitis. Additionally, the operation time, time to flatus, the
time to soft food intake, and the postoperative hospital stay
(4.4 vs 2.6 days, P < 0.001) were longer in patients with
perforated appendicitis than in patients with simple
appendicitis. Complications occurred in a total of 176
patients (10.0%). The most common complication was
wound infection, followed by intra-abdominal abscess,
AGE, and ileus. The complication rate was similar between
patients with simple appendicitis and patients with perfo-
rated appendicitis (9.8 vs 10.7%; P = 0.56). The rates of
individual complications, including wound infection, intra-
abdominal abscess, and AGE were also similar in both
groups, but the rate of ileus tended to be higher in patients
with perforated appendicitis (1.2 vs 0.5%, P = 0.09).

The overall time from symptom onset to appendectomy
was significantly longer, by about 12 h, in patients with
perforated appendicitis than in patients with simple
appendicitis (44.4 vs 33.9 h; P <0.001) (Table 2). The
mean symptomatic time was 34.7 and 24.8 h in patients
with perforated appendicitis and patients with simple
appendicitis, respectively, and this difference was statisti-
cally significant (P < 0.001). However, the mean

hospitalization time was not significantly different between
the two groups (perforated appendix vs simple appendici-
tis: 8.4 vs. 83 h; P = 0.76). We also categorized time
variables into several categories based on the mean value,
such as 24 h for symptomatic time and 8 h for hospital-
ization time. For symptomatic time, because the category
<24 h included the majority of patients in this study
(70.6%: 1238/1753), we subdivided this category into two
groups (<12 h and 12-24 h). As indicated in Fig. 1, the
rate of perforation increased with increases in overall time
(P < 0.001) and symptomatic time (P < 0.001), but not
hospitalization time (P = 0.41).

Multivariable analysis showed that BT > 38 °C
(P = 0.006), WBC count >12,000 cells/ul (P = 0.02),
neutrophil ratio >80% (P < 0.001), and symptomatic time
were independently associated appendiceal perforation.
The odds ratio for appendiceal perforation was 2.7 among
patients with symptomatic time >24 h in multivariable
regression (P < 0.001). Hospitalization time was not sig-
nificantly associated with perforation (Table 3).

Table 4 shows the patients’ characteristics according to
the presence and absence of postoperative complications.
The mean ages of patients with complications and patients
without complications were 29.5 and 31.4 years, respec-
tively (P = 0.15). There were no differences between the
two groups in terms of gender, ASA, laboratory variables
(WBC count and neutrophil ratio), or BT. However,
operation time and time to soft food intake were signifi-
cantly longer in patients with complications. Accordingly,

Table 1 Characteristics of patients according to the presence of perforation

Characteristics Simple (n = 1258) Perforation (n = 495) P
Age 30.0 (15.8) 34.4 (18.0) <0.001
Male 707 (56.2) 274 (55.4) 0.74
ASA > 2 160 (12.7) 98 (19.8) <0.001
BT (°C) 36.9 (0.6) 37.0 (0.7) <0.001
WBC (x 10%/ul) 12.1 (4.2) 13.8 (4.7) <0.001
Neutrophil ratio (%) 74.8 (13.0) 80.5 (9.6) <0.001
Operation time (min) 43.5 (20.4) 55.8 (24.0) <0.001
Time to flatus (days) 1.0 (0.7) 1.2 (0.8) <0.001
Time to soft diet (days) 1.3 (0.7) 22 (1.2) <0.001
Duration of postoperative hospital stay (days) 2.6 (1.2) 4.4 (2.2) <0.001
Complication 123 (9.8) 53 (10.7) 0.56
Wound infection 90 (7.2) 32 (6.5) 0.60
Intra-abdominal abscess 20 (1.6) 9 (1.8) 0.74
AGE 13 (1.0) 8 (1.6) 0.31
Ileus 6 (0.5) 6 (1.2) 0.09

Data presented are numbers of patients (percentage) or means (standard deviations)

ASA American Society of Anesthesiologists, WBC white blood cell count, BT body temperature, AGE acute gastroenteritis
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Table 2 Relationship between perforation and time intervals

Simple Perforation P
Symptomatic time 24.8 (38.1) 34.7 (41.7) <0.001
Hospitalization time 8.3 (5.1) 8.4 (5.0) 0.76
Overall time 33.9 (38.5) 444 (414 <0.001

Data are presented as mean =+ standard deviation

Symptomatic time was defined as the time from onset of first
symptom to admission. Hospitalization time was defined as the time
from admission to operation. Overall time was defined as the time
from onset of first symptom to operation, which was calculated by
adding the patient time and hospitalization time

postoperative hospital stay was significantly longer in
patients with complications than in patients without com-
plications (3.8 vs. 3.0 days; P = 0.001).

The overall time from symptom onset to appendectomy
(44.4 vs 36.0 h; P = 0.03) (Table 5) and the symptomatic
time (35.9 vs 26.7 h; P = 0.018) were significantly longer
in patients with complications than in patients without
complications. However, the mean hospital time was sim-
ilar between patients with complications and patients
without complications (9.0 vs 83 h; P =043). As
described above, we categorized symptomatic time into
24-h groups and hospitalization time into 8-h groups. And

subdivided into two groups (<12 h and 12-24 h). As
shown in Fig. 2, the rate of complications increased sig-
nificantly with increasing symptomatic time (P = 0.046)
and overall time (P = 0.042). However, the rate of com-
plications did not increase with increasing hospitalization
time (P = 0.20).

Multivariable analysis showed that neutrophil ratio
>80% (P < 0.001) and symptomatic time were indepen-
dently associated with postoperative complication. The
odds ratio for appendiceal perforation was 2.0 among
patients with symptomatic time >48 h (P = 0.003).
Hospitalization time was not significantly associated with
perforation (Table 6).

Discussion

The present study revealed that the overall time from onset
of symptoms to appendectomy was significantly longer in
patients with perforated appendicitis versus patients with
simple appendicitis (44.4 vs. 33.9 h; P < 0.001) and in
patients with complications than in patients without com-
plications (44.4 vs 36.0 h; P = 0.03). When the duration of
symptoms was divided into the symptomatic period before
admission and the hospitalization period, the symptomatic

the category <24 h in the symptomatic time was
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Fig. 1 Relationship between perforation and time in terms of the proportion of affected patients in each time period. Likelihood ratio tests
revealed trends toward an increase in perforation rate according to symptomatic time (a; P < 0.001) and overall time (¢; P < 0.001) but not
hospitalization time (b; P = 0.41)
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Table 3 Logistic regression analysis of predictors associated with perforation
Variable Univariate analysis Multivariate analysis
OR (95% CI) P OR (95% CI) P

Age >55 years 1.772 (1.246-2.520) 0.001 1.242 (0.824-1.870) 0.30
Male 0.964 (0.782-1.189) 0.74 1.005 (0.808-1.250) 0.98
ASA > 2 1.689 (1.281-2.227) <0.001 1.348 (0.979-1.857) 0.07
BT > 38 °C 2.488 (1.656-3.738) <0.001 1.828 (1.192-2.804) 0.006
WBC > 1.3 x 10%/ul 1.282 (1.041-1.580) 0.02 1.295 (1.043-1.607) 0.02
Neutrophil ratio >80% 1.606 (1.274-2.024) <0.001 1.674 (1.311-2.137) <0.001
Symptomatic time <12 h Reference Reference

12-24 h 1.255 (0.957-1.644) 0.10 1.296 (0.984-1.709) 0.07

24-48 h 2.674 (2.000-3.575) <0.001 2.670 (1.980-3.600) <0.001

>48 h 2.410 (1.756-3.307) <0.001 2.462 (1.769-3.426) <0.001
Hospitalization time <8 h Reference Reference

8-16 h 1.099 (0.873 — 1.385) 0.422 1.180 (0.928-1.501) 0.18

>16 h 1.226 (0.891 —1.688) 0.211 1.228 (0.881-1.710) 0.23
ASA American Society of Anesthesiologists, BT body temperature, WBC white blood cell count, 4 hour
Table 4 Characteristics of patients according to the presence of complication
Characteristics Non-complication (n = 1577) Complication (n = 176) P
Age 31.4 (16.7) 29.5 (15.4) 0.15
Male 881 (55.9) 100 (56.8) 0.82
ASA > 2 233 (14.8) 25 (14.2) 0.83
BT (°C) 36.9 (0.6) 36.9 (0.6) 0.87
WBC (x 10%/ul) 12.6 (4.4) 12.7 (4.6) 0.70
Neutrophil ratio (%) 76.3 (12.5) 774 (11.4) 0.27
Operation time (min) 46.5 (21.3) 51.3 (28.3) 0.03
Time to flatus (days) 1.1 (0.8) 1.2 (0.8) 0.08
Time to soft diet (days) 1.5 (0.9) 1.7 (1.4) 0.04
Duration of postoperative hospital stay (days) 3.0 (1.5) 3.8 (2.9) 0.001
Perforation 442 (28.0) 53 (30.1) 0.56

Data presented are numbers of patients (percentage) or means (standard deviations)

ASA American Society of Anesthesiologists, BT body temperature WBC white blood cell count

time was significantly associated with the rates of perfo-
ration and complications. The neutrophil ratio was also
significantly and independently associated with perforation
and complications in the multivariable analyses.

Acute appendicitis was initially described in terms of its
natural history and progression in 1886 by Reginald H. Fitz
[15]. Since then, it has become widely accepted that
untreated appendicitis progresses to perforation, which is
associated with significant increases in morbidity, mortal-
ity, hospital stay, and resource usage [2—4, 16, 17].

A high overnight caseload might cause excessive fatigue
and sleep deprivation among hospital and surgical staff,

and several studies have reported negative effects of sleep
deprivation on cognitive abilities [10-12]. Accordingly,
sleep deprivation could adversely affect surgical perfor-
mance and patient safety. And some surgical procedures,
such as appendectomy, could be delayed on a semi-elective
manner to reduce the overnight caseload and avoid the
negative effects of sleep deprivation. Recent studies in
pediatric patients suggest that hydration and administration
of antibiotics allowed surgeons to delay surgery without
detrimental effects on patient outcome [5, 18]. Further-
more, randomized controlled trials have suggested that
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Table 5 Relationship between complications and time intervals

Non-complication ~ Complication P

Symptomatic time 26.7 (38.0) 35.9 (49.8) 0.018
Hospitalization time 8.3 (5.1) 9.0 (5.0) 0.43
Overall time 36.0 (38.3) 44.4 (49.6) 0.03

Data are presented as mean =+ standard deviation

Symptomatic time was defined as the time from onset of first
symptom to admission. Hospitalization time was defined as the time
from admission to operation. Overall time was defined as the time
from onset of first symptom to operation, which was calculated by
adding the patient time and hospitalization time

antibiotic therapy without surgery is a safe treatment option
for acute appendicitis [19, 20].

Several recent studies have also investigated the rela-
tionship between hospital delay (i.e., time from admission
to surgery) and postoperative outcomes [7, 14, 21-25].
Because the times of admission and surgery were accu-
rately recorded in our study, the time from admission to
surgery could be quantified. Several studies found no

postoperative complications [7, 21-23]. Ingrahm et al. [7]
divided patients into three groups according to hospital
delay (<6 vs. 6-12 vs. >12 h) and reported that delayed
appendectomy did not affect the rate of overall morbidity
(5.5 vs. 5.4 vs. 6.1%; P = 0.33) or the rate of serious
morbidity/mortality (3.0 vs 3.6 vs 3.0%; P =0.17). A
meta-analysis of 12 studies revealed that delaying surgery
by >12 h after admission did not increase the risk of
complex appendicitis (odds ratio 1.07; P = 0.41) [24].
Meanwhile, Teixeira et al. [14] reported that although
delayed appendectomy did not increase the risk of perfo-
ration, it did increase the risk of surgical site infection.
Moreover, Busch et al. [25] reported that an in-hospital
delay of >12h was an independent risk factor for
perforation.

We also divided the duration of symptoms into the
symptomatic pre-hospitalization period and the hospital-
ization period to evaluate its association with perforation
and complications of appendicitis. However, there is con-
troversy regarding the associations between the symp-
tomatic period and hospitalization period with
complications. Eldar et al. [26] reported that delayed

association  between delayed appendectomy  and admission was associated with increased rates of infectious
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Fig. 2 Relationship between complications and time in terms of the proportion of affected patients in each time period. Likelihood ratio tests
revealed trends toward an increase in the complication rate according to symptomatic time (a; P = 0.046) and overall time (c; P = 0.042) but
not hospitalization time (b; P = 0.20)
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Table 6 Logistic regression analysis of predictors associated with complication
Variable Univariate analysis Multivariate analysis
OR (95% CI) P OR (95% CI) P

Age >55 years 0.654 (0.337-1.268) 0.21 0.527 (0.255-1.091) 0.08
Male 1.038 (0.758-1.421) 0.82 1.067 (0.774-1.471) 0.69
ASA > 2 0.953 (0.610-1.488) 0.83 1.024 (0.626-1.675) 0.92
BT > 38 °C 1.365 (0.746-2.499) 0.31 1.085 (0.575-2.049) 0.80
WBC > 1.3 x 10*/ul 1.089 (0.797-1.487) 0.59 1.119 (0.814-1.537) 0.49
Neutrophil ratio >80% 2.124 (1.536-2.938) <0.001 2.326 (1.658-3.262) <0.001
Perforation 1.106 (0.787-1.554) 0.563 0.958 (0.669-1.373) 0.82
Symptomatic time <12 h Reference Reference

12-24 h 0.871 (0.580-1.308) 0.51 0.891 (0.590-1.346) 0.58

2448 h 1.024 (0.648-1.618) 0.92 1.057 (0.659-1.697) 0.82

>48 h 1.727 (1.120-2.662) 0.013 1.997 (1.263-3.156) 0.003
Hospitalization time <8 h Reference Reference

816 h 0.784 (0.551-1.115) 0.18 0.789 (0.551-1.129) 0.20

>16 h 0.677 (0.397-1.154) 0.15 0.686 (0.399-1.179) 0.17

ASA American Society of Anesthesiologists, BT body temperature, WBC white blood cell count, 4 hour

complications (P < 0.001) and advanced appendicitis
(P < 0.001), but the hospital delay (termed ‘physician
delay’ in that study) was not associated with the stage of
disease. Maroju et al. [27] reported that postoperative
complications for acute appendicitis are associated with a
delay in treatment, which was not due to in-hospital delay
(with vs. without complications: 8.6 vs 8.3 h, P = not
significant) but rather patient delay (63.3 vs 24.3 h,
P < 0.001). Ditillo et al. reported that longer times from
symptom onset to admission and from admission to surgery
were associated with increased severity of acute appen-
dicitis. They also reported a positive correlation between
the patient-to-hospital interval ratio with the severity of
complications, which suggests that delayed admission is
strongly associated with advanced pathology of appen-
dicitis [13]. In the present study, the increased rates of
perforation (P < 0.001) and complications (P = 0.046)
were primarily related to a longer symptomatic period
before admission, rather than with delayed surgery after
admission.

Previous studies suggested that a higher proportion of
elderly patients than younger patients present with perfo-
rated appendicitis [21, 25, 28]. One of the possible expla-
nations might be that that the incidence of perforating
appendicitis was stable across age groups, but the incidence
of non-perforating cases decreased sharply with increasing
age. Therefore, the high proportion of perforation among
the elderly patients may be due to the decreased incidence
of non-perforated appendicitis in the elderly [29, 30].

Another possible explanation is that elderly patients
sometimes present with ambiguous features, and the fewer
elderly patients report right lower quadrant pain [31].
These atypical symptoms may make it longer to reach a
diagnosis because other diseases such as acute cholecystitis
and urinary stone must be considered in the differential
diagnosis. Another explanation relates to the physiologic
changes in elderly patients, including decreased immunity
[32]. Therefore, it takes longer to prepare preoperative
management and fully evaluate the patient’s cardiac, pul-
monary, and renal functions. In the present study, multi-
variable analysis showed that age was not associated with
perforation (P = 0.30) or complications (P = 0.08). This
discrepancy could be explained by the difference in
inclusion criteria. For example, some studies defined
elderly as >55 years of age, while other studies, including
our study, defined elderly as >65 years of age.

Several studies have analyzed the relationships between
serologic markers and the severity of appendicitis [33, 34].
Qi et al. [33] reported that the neutrophil ratio and C-re-
active protein (CRP) were risk factors for gangrenous
appendicitis based on logistic regression analysis. Xharra
et al. [34] analyzed the relationships with a variety of
biomarkers, including CRP, WBC count, and neutrophil
ratio, and reported that these markers increased in corre-
lation with the severity of inflammation. In the present
study, although the WBC count level were only associated
with perforation, the neutrophil ratio was associated with
both outcomes.
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Perforated appendicitis generally increases the risk of
postoperative complications [35]. However, in the present
study, perforation was not significantly associated with
complications (P = 0.82). There might be several expla-
nations. First, the present study only included the patients
who underwent laparoscopy surgery. This minimized the
wound size, and we used an endoscopic bag to extract the
appendix, limiting contact between infected tissue and the
wound. Accordingly, the rate of complications is unlikely
to increase despite perforated appendicitis. Another
explanation might involve differences in the definitions of
perforation and postoperative complications between
studies. The perforation rate of 28.2% in the present study
is higher than the previously reported rates of 16.6-23.7%
[6,7, 13, 20, 23, 28]. In earlier studies, the rate of advanced
appendicitis (gangrenous + perforated appendicitis) ran-
ged from 32 to 44.1% [22, 26], which are much higher than
the rate reported in our study. Nevertheless, the overall
complication rate of 10.0% in the present study is similar to
the rates of complications of 5.5-14.0% in earlier studies
[7, 26, 27, 36]. In terms of complication type, the rate of
infectious complications was 8.6% in our study, which is
higher than the previously reported rates of 3.2-7.9%
[13, 22, 23, 25]. Therefore, the different conclusion that
perforation is not associated with complications in our
study could be due to the differences in the rates of per-
foration and complications between our study and prior
studies.

There are several limitations to the present study. First,
this study was performed retrospectively, introducing the
possibility of selection and recall bias. However, because
the data collector retrieved these data from the medical
records without knowledge of the primary endpoint, the
results were less likely to be affected by data collection
bias. Second, although the present study was conducted at
two hospitals, the number of patients was still too small to
reach a definitive conclusion. Third, because both of the
participating hospitals were secondary, university-affiliated
hospitals, a large number of patients were transferred to our
hospitals from other hospitals. Unfortunately, we did not
have complete information regarding the patient’s arrival
time at the prior hospital or the types and doses of antibi-
otics. Although Similis et al. [37] reported the feasibility of
using antibiotics to treat acute appendicitis, perforation and
postoperative complications are influenced by various
factors, such as age, gender, and pre-hospital time.
Therefore, inaccurate information could skew the results in
terms of the association between delayed surgery and the
risks of perforation and complications.

The present study showed that untreated acute appen-
dicitis frequently progresses to perforated appendicitis with
an increased risk of complications. The time from symptom
onset to surgery was associated with the risk of perforation
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and complications, and this association was due to the
symptomatic period before admission, not the time
between admission and surgery. In other words, adminis-
tration of intravenous antibiotics and fluid hydration fol-
lowed by elective appendectomy the day after admission
did not adversely affect the patients’ outcomes. However,
because the severity of acute appendicitis progresses over
time, surgeons should avoid excessively delaying surgery.
Instead, surgery should be performed in a semi-elective
manner.
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