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Abstract

Appendicitis is one of the most common abdominal emergencies. Evidence is controversial in determining if the in-hospital
time delay to surgery can worsen the clinical presentation of appendicitis. This study aimed to clarify if in-hospital surgical
delay significantly affected the proportion of complicated appendicitis in a large prospective cohort of patients treated with
appendectomy for acute appendicitis. Patients were grouped into low, medium, and high preoperative risk for acute appen-
dicitis based on the Alvarado scoring system. Appendicitis was defined as complicated in cases of perforation, abscess, or
diffuse peritonitis. The primary outcome was correlation of in-hospital delay with the proportion of complicated appendi-
citis. The study includes 804 patients: 278 (30.4%) had complicated appendicitis and median time delay to surgery in low-,
medium-, and high-risk group was 23.15 h (13.51-31.48), 18.47 h (10.44-29.42), and 13.04 (8.13-24.10) h, respectively.
In-hospital delay was not associated with the severity of appendicitis or with the presence of postoperative complications.
It appears reasonably safe to delay appendicectomy for acute appendicitis up to 24 h from hospital admission. Duration
of symptoms was a predictor of complicated appendicitis and morbidity. Timing for appendicectomy in acute appendicitis
should be calculated from symptoms onset rather than hospital presentation.
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Introduction

Acute appendicitis occurs at a rate of about 90-100 patients
per 100,000 inhabitants per year in developed countries and
it is one of the most common surgical emergencies world-
wide, with an estimated lifetime risk reported to be 7-8%
[1].

Traditionally, perforated appendicitis was considered to
be the natural evolution of simple acute appendicitis, lead-
ing to a fast surgical approach. However, evidence is con-
troversial in determining the consequences of delaying an
appendicectomy for acute appendicitis [2-5].

A study by Alore et al. [3] showed that appendicectomies
performed between 48—72 h from hospital admission had
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an increased 30-day mortality and higher rate of all major
postoperative complications compared to those appendicec-
tomies performed within 24 h or between 24-48 h from hos-
pital admission. Moreover, Bolmers et al. [6] suggested that
patients who underwent surgery for complicated appendicitis
within 8 h experienced fewer postoperative complications
and required fewer re-interventions than those patients who
underwent surgery after the 8-h mark.

On the other hand, other studies argued that in-hospital
delay in performing appendectomies in acute appendicitis is
not associated with a poorer outcome. A retrospective study
by Shin et al. [7] found no differences between patients with
acute appendicitis operated within or after 8 h in terms of
length of postoperative hospital stay, complication rate, and
readmission rate. These results are consistent with those of
Terrén-Arriaga et al. [8] who showed that an in-hospital
delay of more than 8 h does not significantly increase the
risk of complicated appendicitis, the occurrence of periop-
erative complications, the duration of postoperative hospital-
ization, or mortality. In addition, a study by Drake et al. [9]
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analyzed 9048 patients who underwent appendectomy across
52 hospitals in Washington State. They found no association
between perforation and elapsed time from hospital presen-
tation to surgery.

A recent meta-analysis by van Dijk et al. [2] including
45 studies with 152,314 patients, demonstrated that a delay
of 2448 h from hospital admission was not associated with
a higher risk for complicated appendicitis of postoperative
complications.

This study aimed to evaluate the effect of in-hospital
delay on patients with clinical diagnosis of uncomplicated
appendicitis treated with appendectomy.

Materials and methods

This is a retrospective analysis of a prospectively collected
register of all consecutive patients with acute appendici-
tis treated with appendicectomy at San Gerardo Hospital,
Monza, between September 2013 and April 2021. For each
patient were collected: age, sex, time from symptom onset;
time between admission and surgery, length of surgical pro-
cedure and hospital stay, surgical approach, conversion rate,
presence of surgical drains, postoperative complications.

Preoperative risk for acute appendicitis was evaluated
with the Alvarado score and patients were grouped based
on predicted risk: low risk (score 0—4), medium risk (score
5-6), and high risk (score 7-10) [10].

Patients with a preoperative clinical diagnosis of com-
plicated appendicitis (diffuse peritonitis or radiological
findings of perforation or abscess) were excluded from the
analysis. Patients treated with appendectomy for a diagno-
sis different from acute appendicitis (tumor, endometriosis,
presence of parasites (Enterobius vermicularis) in the appen-
dicular lumen) and patients with negative appendectomy (no
signs of inflammation at the pathological examination) were
also excluded.

Patients were divided into two groups based on surgical
findings: complicated or uncomplicated acute appendicitis.
Acute appendicitis was considered as complicated in case
of perforation, abscess, or diffused peritonitis.

The primary outcome of the study was the intraoperative
diagnosis of complicated appendicitis. The secondary out-
come was the development of postoperative complications.

Associations and correlations between study variables
and outcomes were evaluated with univariate and multiple
regression analysis. Categorical data were presented as per-
centages and were analyzed with the Chi-square test, while
continuous variables were presented as median and inter-
quartile range (IQR) and compared with the Mann—Whit-
ney’s U test. Variables associated with the outcome at the
univariate analysis were included in a multiple logistic
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regression model. All statistics were calculated using SPSS
26.0.

Results

From September 2013 to April 2021, a total number of
1005 patients were operated for acute appendicitis. After
the exclusion of 18 patients for histological findings that met
exclusion criteria, 72 patients for negative appendectomy
and 111 patients for a preoperative diagnosis of complicated
acute appendicitis, a total of 804 patients were included
in this study. Median age was 24 (14-46) years and 559
(61.1%) were men.

Three hundred eighty-one (41.6%) patients had a preop-
erative low risk of acute appendicitis (Alvarado 1-4), four
hundred twenty-five (46.4%) medium risk (Alvarado 5-6),
and one hundred nine (11.9%) high risk (Alvarado 7-10).

Median time from admission to surgery was 19.37
(11.19-29.90) h. Considering surgery delay for each risk
class, low-risk group had a median time from admission to
surgery of 23.15 (13.51- 31.48) h, while medium and high
risk had, respectively, a median time to surgery of 18.47
(10.44-29.42) and 13.04 (8.13-24.10) h (see Fig. 1).

All patients were treated with appendectomy; median
time of surgery was 70 min (IQR 55-90), 84% of them
received laparoscopic appendectomy (769 patients) and the
conversion rate was 9.1% (70 patients). Six hundred thirty-
seven (69.6%) patients had an uncomplicated appendicitis
while two hundred seventy-eight had a complicated one.
Overall, morbidity was 10.7% and median comprehensive
complication index of patients who experienced a postopera-
tive complication was 20.9 (8.7-26.2).

Population details are summarized in Table 1.

Table 2 shows the results of the univariate and multiple
regression analysis of variables correlated with intraopera-
tive findings of complicated acute appendicitis. Increasing
age [OR: 1.024 (CI 95% 1.014-1.034) p <0.001], duration
of symptoms [24-48 h OR: 1.617 (CI 95% 0.997-2.623)
p=0.052; 48-72 h OR: 1.842 (CI 95% 1.041-3.259)
p=0.036;>72 h OR: 2.079 (CI 95% 1.208-3.579)
p=0.008; neutrophils absolute count (OR: 1.058 (CI 95%
1.015-1.104) p =0.008] correlated with the outcome.

No statistical association has been found between in-hos-
pital surgery delay (expressed both as a continuous variable
and as a categorical variable) and the severity of appendici-
tis. Even upon stratifying the population into Alvarado risk
class groups, our analysis consistently demonstrates that the
time to surgery remained unassociated with the severity of
appendicitis across all risk classes. In particular, timing con-
sidered as a continuous variable was not associated with the
severity of appendicitis in the low-, medium-, and high-risk
classes, with p values of 0.86, 0.8, and 0.78, respectively.
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Fig. 1 Complicated appendicitis
rate in different delay classes
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Moreover, when considering time as a categorical variable,
for the low-risk group, the OR for surgery within 12-24 h
was 0.64 (95% CI: 0.3-1.39), and for > 24 h, it was 1.23
(95% CI: 0.7-2.18). In the medium-risk group, the OR for
surgery within 12-24 h was 0.95 (95% CI: 0.49-1.81), and
for>24 h, it was 1.14 (95% CI: 0.6-2). For the high-risk
group, the OR for surgery within 12-24 h was 1.35 (95%
CI: 0.41-4.48), and for > 24 h, it was 1 (95% CI: 0.25-4.1).

Predictors of postoperative morbidity were tested in the
whole population. Table 3 shows the results.

In the multivariate analysis, the preoperative variables
that associated with postoperative complications were male
sex [OR: 1.938 (CI1 95% 1.108-3.389) p=0.020] and dura-
tion of symptoms [24-48 h OR: 2.261 (C1 95% 1.191-4.294)
p=0.013; 48-72 h OR: 2.181 (CI 95% 1.025-4.642)
p=0.043; >72 h OR: 2.873 (CI 95% 1.436-5.751)
p=0.003]. Among intraoperative variables, presence of
drainage [OR: 2.209 (CI 95% 1.184—4.120) p=0.013] and
complicated appendicitis [OR: 1.808 (CI1 95% 1.012-3.228)
p=0.045] were significantly related to postoperative com-
plication at multivariate analysis.

The in-hospital surgery delay, examined both as a con-
tinuous and categorical variable, showed no association with
postoperative morbidity. This lack of association remained
consistent across all Alvarado risk class groups. In par-
ticular, timing considered as a continuous variable was
not associated with postoperative morbidity in the low-,
medium-, and high-risk classes, with p values of 0.78, 0.28,
and 0.24, respectively. Moreover, when considering time as
a categorical variable, for the low-risk group, the OR for
surgery within 12-24 h was 0.2 (95% CI: 0.03-1.61), and
for>24 h, it was 1.56 (95% CI: 0.66-3.68). In the medium-
risk group, the OR for surgery within 12-24 h was 1.39 (95%
CI: 0.62-3.1), and for>24 h, it was 1 (95% CI: 0.45-2.2).
For the high-risk group, the OR for surgery within 12-24 h
was 0.4 (95% CI: 0.1-1.67), and for > 24 h, it was 0.16 (95%
CI: 0.02-1.54).
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Discussion

The present study indicates that in-hospital delay is not
associated with the severity of appendicitis or the presence
of postoperative complications, even across Alvarado risk
class groups. Patients within the same Alvarado risk class
group presented to the emergency room with similar clinical
and radiological characteristics, thereby representing a more
homogeneous population.

Predictors of complicated appendicitis include increasing
age, duration of symptoms, and neutrophil absolute count,
while predictors of morbidity consist of male sex and dura-
tion of symptoms.

The optimal timing of appendicectomy for acute appen-
dicitis is a controversial issue. A systematic review by van
Dijk et al. [2] has shown that delaying appendicectomy for
up to 24 h after admission is not linked to a higher risk of
complicated appendicitis, postoperative surgical-site infec-
tion, or morbidity. In another study, Alore et al. [3] analyzed
the American College of Surgeons National Surgical Qual-
ity Improvement Program database for appendectomies per-
formed between 2012 and 2015. In this period, over 112,000
patients underwent non-elective appendectomy for acute
appendicitis. They found that only appendicectomies per-
formed 48 h after admission were associated with a higher
risk of major postoperative complications (8%) in compari-
son with appendicectomies performed within 24 h and 48 h
after admission (3.4% and 3.6%, respectively).

In contrast, several studies have found that delayed
appendicectomies are associated with poor outcomes. A
multicenter study [4] analyzed 1,675 patients who under-
went appendicectomy in 11 Swiss hospitals between 2003
and 2006. They found that appendicectomies performed
12 h after admission were associated with a higher risk
of perforated appendicitis (29.7% vs. 22.7%). Moreover, a
multicenter study [5] has shown that perforation rate was
28.8% for appendicectomies performed within 24 h and
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Table 1 Whole population

characteristics (915 patients) Age (median. IQR)

Sex (male, %)
BMI (median, IQR)

History of previous abdominal surgery (yes, %)

Previous episodes (yes, %)
ABT (past 30 days) (yes, %)
Duration of symptoms (count, %)
<24h
24-48 h
48-72h
>72h
Fever (T>37.5 °C) (yes, %)
Mc Burney (yes, %)
Blumberg (yes, %)
White blood cells (median, IQR)
Neutrophils (median, IQR)
CRP (median, IQR)
Alvarado score (median, IQR)
Alvarado risk class (count, %)
Low risk
Medium risk
High risk
Complicated appendicitis
Type of surgery (laparoscopy, %)

Duration of surgery (min) (median, IQR)

Open conversion (yes, %)
Drainages (yes, %)
Complications (yes, %)
Surgical site infection (yes, %)
Abscess (yes, %)

Postoperative length of stay (days, median, IQR)

Clavien-Dindo (count, %)
CD1
CD2
CD3a
CD3b
CD4a
CD4b
CD5

Comprehensive complication index (CCI) (median, IQR)

24 (14-46)
559 (61.1)

21.80 (18.9-24.5)
73 (8)

77 (8.4)

31 (3.4)

402 (43.9)
220 (24)

127 (13.9)

18.1 (166)

188 (20.5)

576 (62.2)

389 (42.6)

14.49 (11.5-17.41)
11.73 (8.64 — 14.47)
3.30 (0.64 — 8.84)

4 (2-6)

381 (41.6)
425 (46.4)
109 (11.9)
278 (30.4)
769 (84)
70 (55-90)
70 (9.1)
377 (41.2)
98 (10.7)
15 (1.6)

27 (3)
3(2-5)

42 (42.9)

30 (30.6)

6 (6.1)

14 (14.3)
4(4.1)

1(1)

1(1)

20.9 (8.7-26.2)

33.3% for those performed between 24 and 48 h with an
OR of 1.2 for adults and 1.08 for children.

In our experience, in-hospital delay was not a deter-
minant of complicated appendicitis nor with postopera-
tive complications. Even when patients were stratified on
preoperative risk of acute appendicitis (Alvarado score
classes), surgical delay was not associated with the out-
come. Therefore, our study contributes additional evidence
supporting the notion of delaying appendicectomy for up
to 24 h.

@ Springer

Our results are consistent with those of Maru Kim et al.
[11] who found no significant association between compli-
cated appendicitis and in-hospital delay (398.7 + 154 min
vs. 402 + 194.9 min). Moreover, they found no significant
association between complicated appendicitis and in-hos-
pital delay considered as a categorical variable with a cut-
off of 6 h (RR 0.83 C195% 0.62—1.13) and 12 h (RR 1.5 CI
95% 0.66-3.38). In addition, Abou-Nukta et al. [12] found
no significant association between appendicectomies per-
formed between 12—-24 h after admission and postoperative



Updates in Surgery (2024) 76:1775-1781

1779

Table 2 Population characteristic divided by appendicitis type—univariate and multivariate analysis (excluded patients with radiological evi-

dence of complicated appendicitis)

Uncomplicated Complicated appen- Univariate analysis Multivariate analysis
appendicitis (633 dicitis (171 patients)
patients) p Value OR  95% CI p Value OR  95% CI
Age (median, IQR) 21 (13-37) 36 (15-50) <0.001 1.024 1.015-1.032 <0.001 1.024 1.014-1.034
Sex (male, %) 388 (61.3) 113 (66.1) 0.252 0.813 0.570-1.159
BMI (median, IQR) 21.05 (18.30-23.60) 22.45(19.11-26.05)  0.106 1.055 0.989-1.126
Previous abdominal surgery (yes, %) 41 (6.5) 17.(9.9) 0.123 1.594 0.881-2.883
Previous episodes (yes, %) 59 (9.3) 10 (5.8) 0.154 0.604 0.302-1.208
Antibiotics in the last 30 days (yes, 19 (3.0) 6(3.5) 0.735 1.175 0.462-2.990
%)
Fever (>37.5 °C) (yes, %) 115 (18.2) 45 (26.3) 0.018 1.609 1.083-2.390 0.075 1.491 0.961-2.314
Duration of symptoms
<24h 306 (48.3) 56 (32.7) <0.001 0.039
24-48 h 156 (24.6) 44 (25.7) 0.054 1.541 0.993-2.392  0.052 1.617 0.997-2.623
48-72h 83 (13.1) 30 (17.5) 0.008 1.975 1.191-3.274  0.036 1.842 1.041-3.259
>72h 88 (13.9) 41 (24.0) <0.001 2.546 1.595-4.063 0.008 2.079 1.208-3.579
Mc Burney (yes, %) 381 (60.6) 110 (64.3) 0.371 1.174 0.826-1.668
Blumberg (yes, %) 281 (44.5) 64 (37.4) 0.096 0.745 0.526-1.054
WBC (median, IQR) 14.44 (11.30-17.17)  15.00 (12.36-17.96)  0.069 1.034 0.998-1.071
Neutrophils (median, IQR) 11.52 (8.35-14.45)  12.52(10.16-14.69)  0.036 1.042 1.003-1.083  0.008 1.058 1.015-1.104
C-reactive protein (median, IQR) 2.23(0.51-6.15) 5.66 (1.59-13.40) <0.001 1.042 1.022-1.063 0.071 1.016 0.999-1.033
Alvarado risk class (count, %)
Low risk 258 (40.8) 73 (42.7) 0.719
Medium risk 306 (48.3) 77 (45.0) 0.524 0.889 0.620-1.275
High risk 69 (10.9) 21 (12.3) 0.796 1.076 0.619-1.870
Surgery delay (median, IQR) 19.48 (11.14-29.45) 19.15(12.08-31.19)  0.741 0.998 0.987-1.009
Surgery delay categorical (count, %)
<12h 173 (27.3) 41 (24.0) 0.527
12-24h 214 (33.8) 65 (38.0) 0.268 1.282 0.826-1.989
>24 246 (38.9) 65(38.0) 0.625 1.115 0.720-1.725

Statistical significance (p < 0.05) is highlighted in bold

complications such as wound infection and abscess forma-
tion (p value 0.74).

Then we examined the possible predictive factors for
complicated appendicitis. Increasing age, duration of
symptoms, and neutrophil level were statistically associ-
ated with the severity of appendicitis at multivariate analy-
sis. It is intriguing to note that the duration of symptoms
was associated with the severity of appendicitis, whereas
in-hospital delay did not show significant correlation. This
implies a need to redirect research attention from intra-
hospital delay, which has been extensively addressed in the
studies mentioned previously [2-5, 11, 12], to considering
the impact of extra-hospital delay. This aspect of research
could be explored in another future study.

These results were similar to those of Fujiwara et al.
[13] who examined different predictive factors for com-
plicated appendicitis. The significant factors included

aged > 40 years (66.7% vs 41.1, p value=0.002) and
duration of symptoms>24 h (67.3% vs 29.8%, p
value < 0.001).

Preoperative variables associated with postopera-
tive complications were male sex and duration of symp-
toms at multivariate analysis. The time from the onset of
symptoms and in-hospital presentation were significantly
related with postoperative complication occurrence.

Among intraoperative factors, only the usage of drain-
ages and the presence of complicated appendicitis were
associated with an increased risk of develop a postopera-
tive complication.

The present study has some limitations. This is a ret-
rospective analysis of a large prospective register and it
cannot be excluded that there is a presence of a selection
bias. However, data were confirmed even when patients
were stratified by preoperative risk of severity.
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Table 3 Predictive factor of postoperative complications (univariate and multivariate analysis)

No postoperative Postoperative Univariate analysis Multivariate analysis
complications (817 complications (98
patients) patients) p Value OR  95% CI p Value OR  95% CI
Age (years) 24 (14-44) 34 (17-58) <0.001 1.019 1.009-1.029 0.121  1.010 0.997-1.023
Sex (male, %) 490 (59.9) 69 (70.4) 0.022 1.881 1.095-3.232 0.020 1.938 1.108-3.389
BMI (median, IQR) 21.65 (18.80-24.20) 23.05(19.90-25.80)  0.193 1.046 0.978-1.119
History of previous abdominal 59 (7.2) 14 (14.3) 0.017 2.141 1.146-3.999 0.110 1.939 0.861-4.364
surgery (count, %)
Previous episodes (count, %) 70 (8.6) 7(7.1) 0.632 0.821 0.366-1.839
ABT (past 30 days) (count, %) 26 (3.2) 5(.1) 0.326 1.636 0.613-4.362
Duration of symptoms (count, %)
<24h 378 (46.3) 24 (24.5) 0.001 0.015
24-48 h 190 (23.3) 30 (30.6) 0.002 2.487 1.414-4.373 0.013  2.261 1.191-4.294
48-72h 110 (13.5) 17 17.3) 0.008 2.434 1.262-4.693 0.043  2.181 1.025-4.642
>72h 139 (17) 27 (27.6) <0.001 3.059 1.707-5.482 0.003 2.873 1.436-5.751
Fever (T>37.5 °C) 161 (19.7) 27 (27.6) 0.071 1.549 0.963-2.493
Mc Burney (count, %) 517 (63.6) 50 (51) 0.016 1.677 1.101-2.555 0.160 1.422 0.870-2.326
Blumberg (count, %) 355 (43.6) 34 (34.7) 0.095 1.453 0.937-2.252
White blood cells (median, IQR)  14.47 (11.46-17.35) 14.57 (11.70-17.59)  0.388 1.020 0.976-1.066
Neutrophils (median, IQR) 11.73 (8.62-14.54) 11.74 (9.22-13.97) 0.573 1.014 0.967-1.063
CRP (median, IQR) 3.03 (0.56-8.36) 6.13 (2.93-16.91) <0.001 1.055 1.034-1.077 0.619 1.004 0.988-1.020
Alvarado risk class (count, %)
Low risk 347 (42.5) 34 (34.7) 0.339
Medium risk 374 (45.8) 51(52) 0.157 1.392 0.880-2.200
High risk 96 (11.8) 13 (13.3) 0.350 1.382 0.702-2.722
Time delay to surgery (hours, 19.43 (11.17-30.18) 19.42 (10.50-29.59)  0.365 1.004 0.995-1.014
median, IQR)
Time delay to surgery (count, %)
<12h 219 (26.8) 26 (26.5) 0.991
12-24 h 278 (34) 34 (34.7) 0.914 1.030 0.600-1.769
>24h 320 (39.2) 77 (38.8) 0.999 1.000 0.590-1.695
Type of surgery (VLS, count, %) 692 (84.7) 77 (78.6) 0.120 0.662 0.394-1.113
Open conversion (count, %) 52 (7.5) 18 (23.4) <0.001 3.755 2.063-6.833 0.342 1.579 0.615-4.054
Drainages (count, %) 308 (37.7) 69 (71.1) <0.001 4.072 2.567-6.460 0.013  2.209 1.184-4.120
Duration of surgery (min, median, 70 (55-90) 85 (65-120) <0.001 1.016 1.011-1.022 0.281 1.005 0.996-1.014
IQR)
Complicated appendicitis (count, 227 (27.8) 51(52) <0.001 2.820 1.844-4.313 0.045 1.808 1.012-3.228

%)

Statistical significance (p < 0.05) is highlighted in bold

Conclusion

In conclusion, the present study showed no association

Based on these findings, it appears to be reasonably safe
to delay appendicectomy for acute appendicitis for up to
24 h from hospital admission. In other words, surgeons
could safely postpone appendicectomy to the next morning
if a patient shows up with acute appendicitis during night
shifts. Furthermore, our results suggest that the timing for
appendicectomy in acute appendicitis should be calculated
from symptoms onset rather than hospital presentation.

@ Springer

between in-hospital delay and the severity of appendicitis
or the occurrence of postoperative complications. Factors
such as advancing age, a longer duration of symptoms, and
a higher neutrophil count were identified as predictors of
complicated appendicitis. In addition, male gender and a
prolonged duration of symptoms were identified as predic-
tors of morbidity.

Acknowledgement Not applicable.



Updates in Surgery (2024) 76:1775-1781

1781

Author contributions Conceptualization, B.F. and M. Ceresoli; meth-
odology, S.A., G. M.D. L., and M. Ceresoli; software, S.A. and G.
M.D. L.; validation, L.F. and L.D.; formal analysis, S.A. and G. M.D.
L.; investigation, L.F. and L.D.; data curation, L.R. and G.L.; writ-
ing—original draft preparation, S.A., G. M.D. L., and F.B.; writing—
review and editing, S.A., G. M.D. L., and M. Ceresoli; visualization,
M. Ceresoli; supervision, M. Ceresoli; project administration, M.B.
and M. Ceresoli. All authors have read and agreed to the published
version of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Milano - Bicocca within the CRUI-CARE Agreement. This research
received no external funding.

Data availability Data can be obtained under request to the correspond-
ing author.

Declarations
Conflict of interest The authors declare no conflict of interest.

Ethical Standards and Human participants and/or animals and
Informed consent The study was conducted in compliance to the
international Ethical standards, obtaining informed consent for data
treatment.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Stewart B et al (2013) Global disease burden of conditions requir-
ing emergency surgery. BrJ Surg 101(1):e9-e22. https://doi.org/
10.1002/bjs.9329

2. van Dijk ST, van Dijk AH, Dijkgraat MG, Boermeester MA
(2018) Meta-analysis of in-hospital delay before surgery as a risk

factor for complications in patients with acute appendicitis. Br J
Surg 105(8):933-945. https://doi.org/10.1002/bjs. 10873
3. Alore EA et al (2018) Population-level outcomes of early versus
delayed appendectomy for acute appendicitis using the American
College of Surgeons National Surgical Quality Improvement Pro-
gram. J Surg Res 229:234-242. https://doi.org/10.1016/j.jss.2018.
04.011
4. Busch M, Gutzwiller FS, Aellig S, Kuettel R, Metzger U, Zingg U
(2011) In-hospital delay increases the risk of perforation in adults
with appendicitis. World J Surg 35(7):1626-1633. https://doi.org/
10.1007/s00268-011-1101-z
5. Papandria D et al (2013) Risk of perforation increases with delay
in recognition and surgery for acute appendicitis. J Surg Res
184(2):723-729. https://doi.org/10.1016/].jss.2012.12.008
6. Bolmers MDM et al (2022) In-hospital delay of appendectomy in
acute, complicated appendicitis. J Gastrointest Surg 26(5):1063—
1069. https://doi.org/10.1007/s11605-021-05220-w
7. Shin CS, Roh YN, Il Kim J (2014) Delayed appendectomy versus
early appendectomy in the treatment of acute appendicitis: a ret-
rospective study. World J Emerg Surg 9(1):8. https://doi.org/10.
1186/1749-7922-9-8
8. Terron-Arriaga RM et al (2021) Perioperative morbidity in acute
appendicitis: is delayed appendectomy still an option? J Laparoen-
dosc Adv Surg Tech A. https://doi.org/10.1089/1ap.2021.0614
9. Drake FT et al (2014) Time to appendectomy and risk of perfora-
tion in acute appendicitis. JAMA Surg 149(8):837. https://doi.org/
10.1001/jamasurg.2014.77
10. Alvarado A (1986) A practical score for the early diagnosis of
acute appendicitis. Ann Emerg Med 15(5):557-564. https://doi.
org/10.1016/S0196-0644(86)80993-3
11. Kim M, Kim SJ, Cho HJ (2016) Effect of surgical timing and
outcomes for appendicitis severity. Ann Surg Treat Res 91(2):85.
https://doi.org/10.4174/astr.2016.91.2.85
12.  Abou-Nukta F (2006) Effects of delaying appendectomy for acute
appendicitis for 12 to 24 hours. Arch Surg 141(5):504. https://doi.
org/10.1001/archsurg.141.5.504
13. Fujiwara K, Abe A, Masatsugu T, Hirano T, Hiraka K, Sada M
(2021) Usefulness of several factors and clinical scoring models
in preoperative diagnosis of complicated appendicitis. PLoS ONE
16(7):¢0255253. https://doi.org/10.1371/journal.pone.0255253

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/bjs.9329
https://doi.org/10.1002/bjs.9329
https://doi.org/10.1002/bjs.10873
https://doi.org/10.1016/j.jss.2018.04.011
https://doi.org/10.1016/j.jss.2018.04.011
https://doi.org/10.1007/s00268-011-1101-z
https://doi.org/10.1007/s00268-011-1101-z
https://doi.org/10.1016/j.jss.2012.12.008
https://doi.org/10.1007/s11605-021-05220-w
https://doi.org/10.1186/1749-7922-9-8
https://doi.org/10.1186/1749-7922-9-8
https://doi.org/10.1089/lap.2021.0614
https://doi.org/10.1001/jamasurg.2014.77
https://doi.org/10.1001/jamasurg.2014.77
https://doi.org/10.1016/S0196-0644(86)80993-3
https://doi.org/10.1016/S0196-0644(86)80993-3
https://doi.org/10.4174/astr.2016.91.2.85
https://doi.org/10.1001/archsurg.141.5.504
https://doi.org/10.1001/archsurg.141.5.504
https://doi.org/10.1371/journal.pone.0255253

	Effect of in-hospital delay on acute appendicitis severity: does time really matter?
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgement 
	References




