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Abstract

Purpose Current practice allows for surgery for acute appendicitis to be delayed up to 24 h in the belief that there will be no
increase in complicated appendicitis rates. We evaluated the combined effect of Patient Time (between symptom onset and
hospital admission) and Hospital Time (between hospital admission and surgery) on the surgical outcome. We hypothesized
that in patients with a short Patient Time, increased Hospital Times will be associated with a higher rate of complicated
appendicitis, even in patients operated within 24 h.

Methods Retrospective evaluation of medical files of patients operated for acute appendicitis between 12/2006 and 12/2016.
Results Of 2749 patients with acute appendicitis included in this analysis, 818 (29.8%) were admitted with symptom onset
the same day as admission, 577 (21.0%) reported symptom onset had started the previous day but less than 24 h before admis-
sion, and 1354 (49.3%) had over 24 h of symptoms. In patients with symptom onset the same day, a gradual increase in the
rate of complicated appendicitis was noted with increasing Hospital Times (<6 h—6.3%; 6—-12 h—9.9%; 12-18 h—14.7%;
and 18-24 h—12.7%; p=0.017). In all other patients no differences in the rate of complicated appendicitis were noted as
long as the patients were operated within 24 h of admission.

Conclusion In patients with a short Patient Time, delaying operation is associated with an increased rate of complicated
appendicitis and this group of patients should be prioritized for early surgery.

Clinical Trials Study registered as ClinicalTrials.gov Identifier: NCT04689906 (https://clinicaltrials.gov/ct2/show/NCT04
689906 ?term=ashkenazi+itamar&draw=2&rank=2).
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Introduction

For over a century, surgeons have recognized that morbidity
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presentation to the hospital (Patient Time) (see Supplemen-
tal Digital Content: SDC-1) [3-27]. Shortening the time
interval between hospital admission and surgery (Hospital
Time) does not seem to impact the proportion of compli-
cated appendicitis as long as the patients are operated within
24 h following admission [22]. This has led some authors to
propose that acute appendicitis is not an emergency and that
delaying operation for logistical purposes is safe [23, 28].

In this study, we evaluated the combined effect of
Patient Time and Hospital Time on the surgical outcome.
We hypothesized that in patients with short Patient Time,
increased Hospital Time will be associated with a higher
rate of complicated appendicitis at the time of surgery, even
in patients operated within 24 h.

Methods
Study design

This was a retrospective observational cohort study approved
by the local institutional research ethics committee, in which
the need for informed consent was waived (protocol 0010-
13-HYMC). A similar data set was used in our previous
study on the association between early imaging, surgery
time, and operative findings [29]. The study was registered
as ClinicalTrials.gov Identifier: NCT04689906.

Study setting and population

Included in this study were male and female patients from
all ages who underwent appendectomy of acute appendicitis
in a single medical center in Israel between December 1,
2006 and December 31, 2016. We evaluated all the medical
records indicating an appendectomy was performed (ICD-9
codes 47.0-47.99). Patients were included if the appendec-
tomy was performed for acute appendicitis. Patients were
excluded if they underwent interval appendectomy, inciden-
tal appendectomy and appendectomy after failed antibiotic
treatment for either acute appendicitis or peri-appendicular
abscess. Patients with a non-inflamed appendix and those in
whom symptom onset before hospitalization was not noted
in their charts were also excluded.

Procedures

Information collected form the medical files included
demographic data (sex and age), symptom onset (pain and/
or associated symptoms), the date and time of registration
to the emergency department, the date and time of surgery,
the type of surgery (full laparotomy, laparoscopy, and open
appendectomy through a right lower quadrant incision),
and operative findings. Patient time was defined as the time
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interval between the onset of symptoms and the date and
time the patient was registered at the emergency department,
regardless of whether the patient was eventually admitted to
the surgery department or to another service for an incor-
rect diagnosis. Hospital time was defined as the time inter-
val between the exact time of registration in the emergency
department that led to hospitalization and the exact time of
onset of surgery. Some of the patients were assessed in the
emergency department for abdominal pain and discharged
but were subsequently readmitted and underwent appendec-
tomy. Since the main objective of this study was to evaluate
the association of increased Hospital Time with complicated
appendicitis, the registration time for the readmission was
considered as the onset of the Hospital Time. We considered
the first encounters to be no different from any other medical
encounter the patients might have had during their Patient
Time before being hospitalized. Patient Time was divided
into three groups: symptom onset the same day as hospi-
talization; symptom onset the previous day but less than
24 h; and symptom onset over 24 h prior to presentation.
Patients presenting to the hospital between midnight and
8:00AM with symptom onset the evening of the previous
day were counted as having symptom onset the same day.
Patients who were admitted at 08:01 and whose symptoms
started on the evening of the previous day were counted as
having symptom onset the previous day but less than 24 h.
Patient Time was further stratified for those with symptom
onset over 24 h prior to presentation: 1-2 days; 2-3 days;
3—4 days, 4 days and over, and unspecified if the exact num-
bers of days was not noted. Hospital Time was divided into
five groups according to the time interval between admission
to the hospital and surgery: up to six hours (<6 h), beyond
six hours up to twelve hours (6—12 h), beyond twelve hours
up to eighteen hours (12—18 h), beyond 18 h and up to 24 h
(18-24 h) and beyond twenty-four hours (> 24 h). Operative
findings were classified as either non-complicated appen-
dicitis or complicated appendicitis. If the operative finding
was questionable, the pathology report was reevaluated by
the authors with the pathologists. Complicated appendicitis
was defined as gangrene without perforation, perforation
with abscess formation or free perforation with localized or
generalized peritonitis.

Sample size calculation

In this retrospective study all patients operated for acute
appendicitis were included. Prior data indicated that the
ratio between those with symptom onset the same day as
hospitalization and those with a longer interval of symp-
toms would be approximately 1:2. Prior data also indi-
cated that the failure rate (complicated appendicitis) was
approximately 0.25. To identify a > 0.50 difference in
the rate of complicated appendicitis with an 80% power,
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we calculated we will need to study at least 119 subjects
with symptom onset the same day as hospitalization and
238 subjects with longer interval of symptoms. The Type
I error probability associated with this test of this null
hypothesis is 0.05.

Data analysis

Age, sex, Patient Time and Hospital Time were analyzed
using descriptive statistics. Differences in the rate of com-
plicated appendicitis between the groups were analyzed
by either Chi-square for trend or Fisher exact probability
test. All evaluations were 2-sided. The combined effect
of Hospital Time as a continuous data, age, sex, and need
for CT were investigated using logistic regression. Results
were presented as odds ratio and 95% confidence intervals
(95% CI). Data were analyzed using dedicated statistical
software programs (GraphPad Prism 6.00 version for Win-
dows, GraphPad Software Inc., San Diego, CA, IBM Corp.
Released 2021. IBM SPSS Statistics for Windows, Version
28.0. Armonk, NY: IBM Corp). P values less than 0.05 were
considered significant. Percentages were approximated to
the nearest decimal and odds ratio, 95% CI and P values to
the nearest thousandth. The work is been reported in line
with the STROBE criteria.

Results
Study population

Following the identification of patients undergoing an
appendectomy, 2749 patients with known timing of symp-
tom onset who underwent appendectomy for acute appendi-
citis were included in this study (Fig. 1). Sixty-nine patients
were excluded because the timing of symptom onset was
not noted in their charts. These represent 2.4% of 2818
patients with acute appendicitis undergoing surgery. In
167 other patients, the medical files indicated that symp-
toms had started several days before admission to the emer-
gency department. However, the exact number of days was
not specified. These patients were included in the analysis
together with other patients with symptom onset over 24 h
before their presentation to the hospital.

Demographic and clinical data are presented in Table 1.
Overall, 28.0% (770/2749) had an operative finding of com-
plicated appendicitis. There were more open appendecto-
mies at the beginning of the study but by the end almost all
surgical procedures began as laparoscopic operations; this,
however, is not relevant to the timing of surgery and the
pathological findings.
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v
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Fig.1 Patient schema

Effect of Patient Time and Hospital Time
on complicated appendicitis

Table 2 presents the association between the operative find-
ing of complicated appendicitis and Patient Time. While
only 12.7% (104/818) of those presenting the same day of
symptom onset had a surgical finding of complicated appen-
dicitis, this increased to 58.0% (101/174) in those presenting
with Patient Time of 4 days or more (p <0.001). Table 3 pre-
sents the association between the operative finding of com-
plicated appendicitis and Hospital Time. In patients operated
beyond 24 h, there was an increased rate of complicated
appendicitis of 43.4% (112/258) (p <0.001). However, no
significant differences were noted between the subgroups
of patients operated within 24 h (p =0.294).

The combined effect of Patient Time and Hospital
Time on complicated appendicitis

An evaluation of the combined effect of Patient Time and
Hospital Time on the percentage of patients with complicated
appendicitis is shown in Table 4. In patients admitted the
same day as symptom onset, the prevalence of patients with
complicated appendicitis was 6.3% (12/189) in patients oper-
ated within 6 h. This increased to 9.9% (30/303) in patients
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Table 1 Patient data in 2749 patients included in the study

Patients (%)

Age* (median 22; interquartile range 13, 36; range 2749 (100)
0.5-92)
Sex
Male 1741 (63.3)
Female 1008 (36.7)
Patient Time (all)
Same day 818 (29.8)
Previous day but less than 24 h 577 (21.0)
Over 24 h 1354 (49.3)
Patient Time (1354 patients admitted over 24 h)
1-2 days 444 (16.2)
2-3 days 344 (12.5)
3—4 days 225 (8.2)
Over 4 days 174 (6.3)
Unspecified 167 (6.1)
Hospital Time
Within 6 h 572 (20.8)
6-12h 1278 (46.5)
12-18 h 436 (15.9)
18-24 h 205 (7.5)
Over 24 h 258 (9.4)
Type of surgery
Open (right lower quadrant incision) 1717 (62.5)
Laparoscopy 998 (36.3)
Laparotomy 34(1.2)
Surgical finding (overall)
Non-complicated appendicitis 1979 (72.0)
Complicated appendicitis 770 (28.0)

*Missing data on three foreign workers

Table2 Operative findings as a function of symptom onset before
hospitalization (Patient Time)

Patient Time Operative findings P value*
(days) . -
Non-complicated ~ Complicated
appendicitis appendicitis
(%) (%)
Same day 714 (87.3) 104 (12.7) <0.001
Previous day but 455 (78.9) 122 (21.1)
less than 24 h
1-2 323 (72.7) 121 (27.3)
2-3 204 (59.3) 140 (40.7)
34 107 (47.6) 118 (52.4)
>4 73 (42.0) 101 (58.0)
**Unspecified 103 64

*To allow chi-square for trend, calculation data from same day were
combined with data from previous day but less than 24 h

**Patient Time more than 24 h but not otherwise specified
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operated within 612 h from admission and 14.7% (24/163) in
patients operated within 12—-18 h (p =0.017 for patients oper-
ated within 24 h from admission). With longer Patient Time
(if symptom onset occurred the previous day but less than 24 h
prior to presentation, or in patients with symptom onset over
24 h prior to presentation), shorter Hospital Time did not result
in decreased prevalence of complicated appendicitis.

When Hospital Time in those with same day symptom
onset was analyzed together with other possible covariates
such as age, sex, and the need for CT, Hospital Time remained
associated with complicated appendicitis (odds ratio 1.114,
95% CI 1.018-1.219; p=0.019). Age, sex, and the need for CT
were not associated with complicated appendicitis. Evaluation
of possible interactions shows that the association of Hospital
Time and complicated appendicitis partly relied on age (odds
ratio 0.996, 95% CI 0.992-1.000; p =0.38).

Subanalysis in young and elderly patients

A separate analysis of 178 patients up to 12 years of age with
symptom onset the same day as hospitalization revealed that
there was still a significant increase in complicated appen-
dicitis when surgery was delayed beyond 12 h (see Supple-
mentary Digital Content: SDC-2). The complicated appen-
dicitis rates for these young patients operated within 0-6 h’
were 9.8% (6/61); 6-12 W'—9.1% (6/66); 12-18 '—31.0%
(9/29); and 18-24 '—22.2% (2/9) (p=0.021). There were
25 patients aged 65 or older with symptom onset the same
day, a number too small to allow meaningful statistical anal-
ysis (see Supplementary Digital Content: SDC-2). Of note,
Patient Time of one day or more was more common in this
age group compared to younger patients (62.9% vs. 48.7%;
p=0.008).

Subanalysis of perforated appendicitis

The association of short Patient Time and the surgical find-
ing of perforated appendicitis was also evaluated. Three hun-
dred and fifty (12.7%) had a surgical finding of localized or
extensive perforation (see Supplementary Digital Content:
SDC-2). Of these, 37 presented with symptom onset the
same day as hospitalization. The perforated appendicitis
rates in patients presenting with symptom onset the same
day as hospitalization and operated within 0-6 h’ were 1.1%
(2/189); 6-12 h'—4.6% (14/303); 12-18 h'—6.1% (10/163);
and 18-24 h'—1.4% (1/71) (p=0.227).

Discussion
In the current study we evaluated the effect of time from

registration at the hospital’s emergency department until sur-
gery on the rate of complicated appendicitis for patients with
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Table 3 Operative findings as

; o Hospital Time Operative findings P value for patients with Hospital Time up to 24 h
a functlon. of timing of surgery (hours) : '
from admission (Hospital Time) Non-complicated Complicated
appendicitis appendicitis
(%) (%)
<6 438 (76.6) 134 (23.4) 0.294
6-12 925 (72.4) 353 (27.6)
12-18 320 (73.4) 116 (26.6)
18-24 150 (73.2) 55 (26.8)
>24 146 (56.6) 112 (43.4)
Table 4 The combined effect Patient Time Hospital Time Operative findings P value for patients operated

of symptom onset before

LB . . (hours) - - within 24 h from admission
hospitalization (Patient Time) Non-complicated ~Complicated
and timing from admission to appendicitis appendicitis
surgery (Hospital Time) on (%) (%)
operative findings
Same day <6 177 (93.7) 12 (6.3) 0.017
6-12 273 (90.1) 30 (9.9)
12-18 139 (85.3) 24 (14.7)
18-24 62 (87.3) 9(12.7)
>24 63 (68.5) 29 (31.5)
Previous day but <6 61 (79.2) 16 (20.8) 0.150
lessthan24h ¢ 13 273 (82.2) 59 (17.8)
12-18 80 (76.2) 25 (23.8)
18-24 20 (69.0) 9 (31.0)
>24 21(61.8) 13 (38.2)
>24h <6 200 (65.4) 106 (34.6) 0.627
6-12 379 (58.9) 264 (41.1)
12-18 101 (60.1) 67 (39.9)
18-24 68 (64.8) 37(35.2)
>24 62 (47.0) 70 (53.0)

P value—Chi square for trend

varying duration of symptoms before admission, irrespective
of the reasons for delay. Our results suggest that patients
with acute appendicitis who present with symptom onset the
same day as their admission to the emergency department
have a significantly higher rate of complicated appendicitis
if their surgery is delayed beyond 6 h.

Many studies have been done to quantify the influence
of time on the surgical finding of complicated appendici-
tis (SDC-1) [3-27]. The vast majority of these support the
widespread concept that the main contributor to the devel-
opment of complicated appendicitis is Patient Time. These
studies also show that increased Hospital Time up to 24 h
does not increase the prevalence of complicated appendicitis
[27]. However, none of the studies published to date has
evaluated the combined effect of Patient Time and Hospital
Time upon the surgical finding of complicated appendicitis.

It should be noted that all the studies were retrospec-
tive and the accuracy of timing of symptom onset before

admission may be called into question. In this study we
chose a strict definition for patients presenting with “same
day” symptoms allowing us to evaluate the combined asso-
ciation of a subset of patients with short Patient Time and
different Hospital Time upon complicated appendicitis.
There may be several reasons for the greater contribu-
tion of Patient Time to the rate of complicated appendicitis
compared with Hospital Time. Patient Time in most stud-
ies is longer than Hospital Time. In most studies, Patient
Time is commonly longer than 24 h. In this study, almost
half of the patients presented to the emergency depart-
ment beyond 24 h from symptom onset. If Patient Time is
prolonged, Hospital Time may have less effect on the inci-
dence of complicated appendicitis. Furthermore, Hospital
Time is measured in hours, whereas Patient time is meas-
ured in days. In most studies, the time periods differentiat-
ing between Hospital Time subgroups were only 6 h long.
Differences in the proportion of complicated appendicitis
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between different subgroups will be more pronounced if
the time range defining them is longer. It is not surprising,
therefore, that the differences in the frequency of compli-
cated appendicitis are relatively small and underpowered
to reveal significance between the different subgroups of
Hospital Time. Consequently, only when patients operated
within 24 h are compared with those operated beyond 24 h
could a difference be established in these studies [12, 22].

In this study, when all patients were analyzed together,
irrespective of Patient Time, the rate of patients with com-
plicated appendicitis was in the range of 23.4-27.6% in
patients operated within 24 h. The rate of complicated
appendicitis rose to beyond 40% only if surgery was
delayed beyond 24 h. Similar to the UK National Surgical
Research Collaborative and the meta-analysis performed
by van Dijk et al., the rate of complicated appendicitis
in this study did not differ between patients operated
within 6 h, 6-12 h, 12-18 h, and 18-24 h [22, 27]. The
most extensive study evaluating Hospital Time is that of
Ingraham et al., who analyzed 32,782 patients operated
for acute appendicitis between 2005 and 2008 and were
registered in the American College of Surgeons National
Surgical Quality Improvement Program [12]. Patients who
were operated within 6 h of admission were compared
to patients who were operated between 6 and 12 h from
admission, and to patients operated beyond 12 h from
admission. These represented 75.2%, 15.1%, and 9.8%
of the patients respectively. No differences were found
between the groups for the overall incidence of complica-
tions, and the incidence of severe complications and/or
mortality. The author of an editorial accompanying this
study commented that it is now clear that there is no excess
incidence of complications in those operated beyond 12 h
compared to those operated as soon as possible [28]. He
further suggested that there is no reason to operate for
acute appendicitis at nighttime. Patients with acute appen-
dicitis should be have their appendectomy “as soon as is
convenient” rather than as soon as possible.

The findings of this study, which takes into account
not only Hospital Time but also Patient Time, question
this recommendation. Once the patients presenting to the
emergency department the same day as symptom onset
were stratified according to Hospital Time, differences in
the rates of complicated appendicitis observed beyond 6 h
were not only statistically significant but also clinically
important. It is not uncommon that in patients presenting
to the ED in the late evening of the day that their symp-
toms began, surgery is postponed to the morning after.
This surgery may also commonly be listed at the end of
the elective schedule, delaying the surgery even further.
However, in these patients with a short Patient Time, delay
of surgery for any reason will be associated with higher
rates of complicated appendicitis.
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Limitations

As with all the other studies that have been published
about this topic, this was a retrospective study and the
exact time of onset of symptoms could not always be
determined. Physicians recording the patients' history
commonly used broad terms when describing symptom
onset such as the “day before”, “yesterday afternoon”, and
others. We chose a strict definition to define those with
symptom onset the same day. This limits the conclusions
of this study to 818 patients (29.8%) within this cohort of
2749 patients.

For this study, we differentiated between complicated
and non-complicated appendicitis. We mainly relied on the
clinical assessment made during surgery rather than the final
pathological reports, which did not always elaborate on gan-
grenous changes or perforation, even when these were clini-
cally apparent. Pathology reports were consulted in all those
cases in which the diagnosis of appendicitis was question-
able. The presence of gangrene relies not only on micros-
copy but also on gross features such as a friable appendiceal
wall and purple, green, or black discoloration [30]. Even if
perforation is clinically apparent, demonstrating pathologi-
cally the perforation site may be difficult, if not impossible
[30]. Complicated appendicitis includes different patholo-
gies with different risks for developing adverse outcomes.
These pathologies range from gangrene, including tip gan-
grene, to minor and major perforations. Data provided in this
study reveal non-significant differences in the rate of perfo-
ration between patients operated within 6 h to those operated
beyond 6 h. Though this cohort is large, the low rate of per-
forations is not powered to reveal significance between these
two groups of patients. This does not, however, diminish the
clinical importance of a finding of gangrene without perfora-
tion: Unlike patients with non-complicated appendicitis, in
patients with surgical findings of gangrene, whether limited
to the tip or the entire appendix, antibiotic treatment is com-
monly extended beyond the prophylactic dose. Extending
antibiotic treatment beyond the prophylactic dose may be
associated with longer hospital stay and other risks, such as
increased risk of Clostridium difficile infection [31].

In this study we analyzed all patients operated on for
acute appendicitis regardless of their age. A subgroup anal-
ysis showed that increasing Hospital Time in children was
also associated with an increase in complicated appendici-
tis. Only 25 elderly patients with same-day symptoms were
available for analysis, none of whom was operated within
6 h. Similar to the analysis of the subgroup of patients with
perforated appendix, analysis of relatively small subgroups
should rely on larger cohorts. All patients operated within
10 years at a single institution were included in this study.
Increasing the size of subgroups considerably would require
a multicenter effort.
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Apart from age, we did not evaluate possible covariates
that might influence the rate of complicated appendicitis
such as diabetes mellitus. Still, we and others evaluating the
association of complicated appendicitis with either extremes
of age or diabetes mellitus suggest that these are associated
with a significantly longer time from symptom onset to diag-
nosis and late referral [32].

We did not collect data on whether the patients presented
with clinical or laboratory signs of sepsis. We should assume
that patients presenting with sepsis underwent surgery as
soon as possible rather than late. This would result in a
higher proportion of complicated appendicitis in the sub-
group of patients operated on early. Removing these patients
from the analysis would further decrease the rate of compli-
cated appendicitis in those operated within 6 h in all Patient
Time subgroups.

The reasons for delaying surgery beyond six and twelve
hours were not recorded. We assume that operating room
availability and postponement of operations up until the
morning hours or up until the end of the elective schedule
might have been significant factors in most patients.

Conclusion

There may be a myriad of reasons to delay appendectomy,
but our results show that in patients who present early fol-
lowing their symptom onset, the rate of complicated appen-
dicitis will more than double if surgery is delayed beyond
12 h. These results suggest that for patients presenting early
in their disease, surgery for acute appendicitis cannot be
delayed safely as has come to be accepted over the past
decade.
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tary material available at https://doi.org/10.1007/s00068-022-01912-3.
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