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Mini-Abstract

This non-inferiority trial compared delayed vs. immediate surgery for those with acute
appendicitis. Delayed appendectomy was not inferior to immediate surgery (risk difference -
12.2%, 95%CI -24.4% to +0.4%, test of non-inferiority p < 0.0001). Delayed appendectomy is a
viable alternative to immediate surgery in those with acute appendicitis.
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Abstract (241 Words)

Objective: To assess whether delaying appendectomy until the following morning is non-
inferior to immediate surgery in those with acute appendicitis presenting at night.

Background: Despite a lack of supporting evidence, those with acute appendicitis who present
at night frequently have surgery delayed until the following morning.

Methods: The delay trial is a non-inferiority randomized controlled trial conducted between
2018 — 22 at two tertiary care hospital in Canada. Adults with imaging confirmed acute
appendicitis who presented at night (2000 — 0400). Delaying surgery until after 0600 was
compared with immediate surgery. The primary outcome was 30 day post operative
complications. An a prior non-inferiority margin of 15% was deemed clinically relevant.

Results: 127 of a planned 140 patients were enrolled in the DELAY trial (59 in the delayed
group, 68 in the immediate group). The two groups were similar at baseline. The mean time
between decision to operate and surgery was longer in the delayed group (11.0 hours vs. 4.4
hours, p <0.0001). The primary outcome occurred in 6/59 (10.2%) of those in the delayed group
vs. 15/67 (22.4%) of those in the immediate group (P = 0.07). The difference between groups
met the a priori non-inferiority criteria of +15% (risk difference -12.2%, 95%CI -24.4% to
+0.4%, test of non-inferiority p <0.0001).

Conclusions and Relevance: The DELAY study is the first trial to assess delaying
appendectomy in those with acute appendicitis. We demonstrate non-inferiority of delaying

surgery until the following morning.

Trail Registration: This trial was registered with ClinicalTrials.gov (NCT03524573).
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Introduction

Acute appendicitis is a frequent indication for emergency abdominal surgery.(1) It is
commonly believed that the severity of appendicitis increases as time elapses, with increasing
risk of perforation occurring without timely intervention. (2) Immediate surgical intervention is
the traditional proposed standard of care for these patients. However, other considerations such
as resource limitations overnight and the safety of nighttime operating, have resulted in an
alternate strategy of delaying surgery until the following morning for those with acute
appendicitis. Multiple large retrospective studies have shown that variation in surgical practice
exists in terms of delaying appendectomy, despite a lack of level 1 evidence supporting this
practice.(3-6)

The currently availably observational data remain inconclusive with respect to the safety
of delaying appendectomy. Several retrospective studies have suggested an association between
delay to treatment and perforation, with perforation leading to poorer outcomes including more
advanced pathology, intra-abdominal abscess, increased length of antibiotic therapy, greater
post-operative complications, increased length of hospital stay, and higher cost.(7-11) Several
more recent studies have challenged these findings, and have not demonstrated worse outcomes
when appendectomy is performed 12 — 24 hours after presentation or when it is delayed until
morning when a patient presents at night. (4, 12-16) Our group previously reported an increase in
postoperative complications following appendectomy only after a delay of > 24 hours from
triage at the emergency department to surgery. (17)

When performing an urgent operative intervention one must also consider the potential
risk of nighttime operating. Sleep deprivation and fatigue have been associated with increased

technical errors.(18) Several studies examining the safety of nighttime operating have yielded
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mixed results. Some have identified that nighttime operating is associated with complications,
increased rate of conversion to open surgery, more returns to the operating room, and/or longer
length of hospital stay. (19-21) However, some of the same studies also showed no increase in
overall complications with nighttime operating.(20, 21) In our previous population level study
assessing those with acute appendicitis, we found that there was no increased risk of operating at
night compared to day time operating, when adjusted for time from triage to surgery. (17)

Prior to this work, there was a lack of level 1 evidence supporting the practice of delaying
appendectomy until the following morning in those who present at night. Thus, the objective of
this randomized controlled trial was to determine if delaying appendectomy was non-inferior
with respect to the incidence of post-operative complications, when compared to immediate

surgery in those with acute appendicitis.
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Methods
The protocol for this study was previously published (22) and was registered with clinical
trials.gov (NCT03524573). The study is reported as per the CONSORT recommendations for

reporting of randomized controlled trials. (23)

Study Design, Participants and Setting

The study was a non-inferiority, prospective, two-armed randomized controlled trial
comparing delayed appendectomy (intervention: surgery after 0600 the morning following
decision to operate) to immediate appendectomy (control: appendectomy between 2000 and
0400 and within 6 hours of decision to operate). The study was conducted at two tertiary care
Canadian hospitals with established and mature acute care surgical services and dedicated
daytime emergency surgery operative time.

All adult patients who presented with a diagnosis of acute appendicitis, confirmed with
imaging (computed tomography or ultrasound), in whom the expected time of operation was
between 2000 and 0400 were eligible for inclusion. Only those being considered for operative
management were eligible for this study. The expected time of operation was required to be
within 6 hours of the decision to operate to ensure those in the immediate appendectomy group
could achieve timely operative intervention. The exclusion criteria were: hemodynamic
instability (HR > 100 beat/minute, SBP < 90 mmHg), sepsis, diagnostic uncertainty, presence of
abscess on imaging, pregnancy, patients who were not surgical candidates (as defined by the
surgeon), patients where the surgeon feels it is unsafe to delay operation, and patients who were
unable to sign consent. In addition, patients were ineligible for inclusion if operating room time
was unavailable the following morning, or if timely operating room time (i.e. within 6 hours of

the decision to operate) was unavailable.
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Intervention and management

Participants randomized to the control arm underwent “immediate” appendectomy within
6 hours of the decision to operate. Participants in the “delayed” appendectomy were admitted to
hospital, with a plan for appendectomy to occur after 0600 the following morning. Regardless of
the allocation, participants were given intravenous antibiotics at the time of admission with re-
dosing in the operating room if appropriate. In addition, participants received fluid resuscitation
and other interventions as deemed appropriate by the surgical team. As per the standard of care
at the participating institutions, all individuals were to undergo appendectomy regardless of their
response to [V antibiotics (i.e. non-operative management was not offered after enrollment).

After surgery, participants received standard postoperative care and were discharged as
per usual criteria. In general, postoperative appendectomy patients were permitted to resume diet
after surgery and typically discharged by postoperative day one. Ongoing antibiotics were not
routinely offered post operatively, except at the discretion of the surgeon based on appendiceal
perforation and/or intraabdominal contamination.
Outcome Measures

The primary outcome was the 30-day post operative complication rate, defined as a
composite of: mortality, readmission to hospital, emergency department visit, percutaneous drain
insertion, reoperation, prolonged hospital stay (>7 days), and postoperative complications
(including cardiac, ileus/bowel obstruction, neurologic, venous thromboembolism, pneumonia,
other respiratory, surgical site infection, urinary tract infection, and other complications). This
definition was used in our previous work assessing postoperative complications in those with
acute appendicitis. (17, 24) Secondary outcomes included appendiceal perforation at time of

surgery and operative length of time.
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Randomization, Allocation, Blinding and Follow Up
Simple randomization was conducted using computer-based randomization (Microsoft Excel,
Microsoft Corporation). Sequentially numbered, opaqued envelopes were used. Once a patient
was deemed eligible for participation and agreed to be enrolled, the surgical team opened the
envelope to determine the treatment arm. Due to the nature of the investigation, neither the
surgical team nor the participants were blinded to the intervention. All participants were offered
a follow up appointment (either clinic visit or telephone visit) at 30 days. Study outcomes were
assessed and recorded at 30 days by a member of the research who was blinded to the allocation
group.
Sample Size Calculation

Based on our previous population level studies, as well as other large studies assessing
post operative complications in acute appendicitis we hypothesized the complication rate to be
14% in the control (immediate) group. (3, 6, 15, 24) A non-inferiority margin of 15% was
selected based on clinical significance, and based on our previous work assessing complication
and delays in those undergoing appendectomy. (17) Based on a power of 80% and an a of 5%,
we determined that 134 individuals (67 in each arm) were needed. To account for a 5% loss to
follow up, we aimed to enroll 140 individuals. Our previously published protocol (22) initially
described a total sample size of 128, which was based on assumptions that were revised during

the ethics approval process.

Statistical Analysis
This study was analyzed by intention-to-treat (ITT) analysis. A secondary analysis of the

primary outcome analyzed per-protocol was also conducted. The following variables were
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included to provide baseline comparison between the intervention and control groups: age, sex,
ASA class, white blood count, temperature at presentation, CT or ultrasound diagnosis, and
perforation status on imaging. Baseline characteristics are presented as total number per group
with percentages for categorical variables and means with standard deviations for continuous
variables.

For the primary outcome, the proportions of patients who experienced a complication
were calculated for each group and compared using Chi-square test. Risk difference and 95%
confidence interval were also calculated and reported with the control group as the referent
group. If the bounds of the 95%CI interval were entirely below the a priori non-inferiority
margin (i.e. a 15% increased risk of complications in the delay group) then non-inferiority would
be concluded. If the 95% confidence interval crossed the non-inferiority margin, then non-
inferiority will not have been proven.

Secondary outcomes were reported as absolute number with percentage and compared
using Chi-square or Fisher’s Exact Test for categorical variables. Continuous variables were
reported as means (with standard deviations) and medians with interquartile range. Means were
compared using t-test. Missing data was expected to be minimal as all data required is easily
accessible via the electronic medical record and the follow up period is only 30 days. Data
analysis was limited to those who completed 30 day follow up.

All statistical analyses were conducted with STATA (ver. 12 or later).

Results

This randomized controlled trial aimed to recruit a total of 140 individuals. This study

was terminated prematurely after a total of 127 (91%) individuals were recruited. The study was

closed early due to significant changes in operating room resources available at one site. Due to
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the significant surgical backlog as a consequence of the COVID-19 pandemic, access to reliable
day time emergency surgery operative time was eliminated. This resulted in the inability to
accrue patients.

A total of 127 individuals were randomized to either delayed surgery (n = 59) or
immediate surgery (n = 68). Of those allocated to the delayed group, 2 underwent immediate
surgery (within 6 hours of the decision to operate and prior to 0600 the next morning). Of those
allocated to immediate surgery, 8 underwent delayed surgery (>6 hours from the decision to
operate and after 0600 the next morning), while 1 was lost to follow up. Thus, for the intention to
treat analysis, there were 59 individuals in the delayed group and 67 in the immediate group. For
the per protocol analysis, there were 65 in the delayed group and 62 in the immediate group.
(Figure 1)

Those allocated to the delayed vs. immediate surgery groups were similar in age, sex,
American society of anesthesiology (ASA) score, mean white blood cell count and mean
temperature. The majority of individuals were diagnosed using computed tomography, with few
having radiologic evidence of perforated appendicitis (3.9% of the total cohort). (Table 1)

The groups were also similar in time between onset of symptoms and decision to operate.
In both groups, most individuals presented more than 18 hours after onset of symptoms (69.5%
in the delay group and 77.6% in the immediate group, p = 0.57). As expected, those who were
randomized to the delayed group had a longer mean and median time between the decision to
operate and the surgical start time (mean 11.0 hours vs. 4.4 hours, p <0.0001; median 11.0 hours
vs. 3.5 hours). The risk of conversion to open surgery was low in both groups (1.7% and 2.9%, p

= 0.65), with similar mean and median operative times between groups (mean 48.9 minutes
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delayed vs 53.5 minutes immediate, p = 0.23; median 44 minutes delayed vs. 49 minutes
immediate). (Table 2)
Outcomes

The primary outcome, which was a composite of 30 day post operative complications,
occurred in 6/59 (10.2%) of those in the delay group and 15/67 (22.4%) in the immediate group
(p =0.07). Comparing the delayed group to the immediate group, the risk difference was -12.2%
(95%CI -24.8% to +0.4%), favouring the delay group. Testing our non-inferiority margin of
+15%, we demonstrated non-inferiority between groups (p < 0.001). (Table 3, Figure 2)

Within our composite, the most common complication was return to the emergency
department which was seen in 4/59 (6.8%) in the delay group and 12/67 (17.9%) in the
immediate group. There were no mortalities, reoperation or percutaneous drain insertions in
either group. There was also a low risk of re-admission to hospital (3.4% in the delay group,
3.0% in the immediate group) and prolonged admission > 7 days (1 patient in the immediate
group).

A per-protocol analysis was completed, analyzing those who crossed over in the per
protocol treatment groups. This analysis demonstrated superiority of the delayed approach (5/65,
7.7% vs. 16/61, 26.2%, p = 0.005).

Discussion

The DELAY study is the first randomized trial to assess whether delaying surgery is non-inferior
to immediate surgery in those with acute appendicitis who present at night. We demonstrated
that delaying surgery was non-inferior to immediate surgery. We also found in the per-protocol
analysis, that delaying surgery was superior to immediate surgery as demonstrated by a

significant reduction in postoperative complications (7.7% vs. 26.2%, p = 0.005). This was
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primarily driven by the complication of return visit to the emergency department. The results of
this study are directly applicable to those who manage acute appendicitis, and supports the

commonly utilized management strategy of delaying operative intervention until the morning.

Strengths and Weaknesses
The strength of this study is in the design. This is a randomized controlled trial with computer
generated random sequence generation, allocation concealment, blinding of the outcome
assessors, low rates of loss to follow up (1/127, <1%), with a registered and published study
protocol.(22) The non-inferiority design was appropriate and selected to demonstrate that
delaying surgery is an acceptable alternative to the standard of care of immediate surgery. We
used a clinically significant non-inferiority margin, using a hypothesized complication risk based
on previously published population data from similar settings. (17, 24) The hypothesized
complication risk was 14% compared with the overall observed risk of 16.7% (n = 21/126).
The primary weakness of this work was the requirement to stop early. Our original sample size
calculation required 134 participants (67 per group) with complete follow up, and we enrolled
127 with 126 who completed follow up (94% of the intended enrollment). Sensitivity analysis
(assuming that enrollment was complete and that all remaining individuals in the delay group
experienced the primary outcome) still demonstrates non-inferiority (risk difference -1.4%,
95%CI -15.4% to +12.5%, test of non-inferiority margin of +15%: p = 0.04). Thus, we can
confidently conclude that the non-inferiority threshold was met.

Other weaknesses of this study included the inability to blind the patient or the surgery
team due to the nature of the intervention. In addition, a total of 10 participants crossed over
between interventions (8 from the immediate group and 2 from the delayed group). This cross

over represents the real world experience of the participating centres. Emergency surgical time,
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especially at night, is a shared resource. Those in the immediate group were delayed due to other
more emergent cases being prioritized. Finally, our primary outcome is a composite of 30 day
complications. This was selected based on previous population based studies. At the present time
there is no validated, commonly agreed upon outcome, and this represents a clinically relevant

one.

Study Results in Relation to Previous Publications

The risks of appendectomy at a population level have previously been reported by our
group.(24) Using the same definition, this study reported a risk of 29%, with the most common
complication being return to the emergency department. The current trial found a lower risk of
complication for the entire group (21/126, 17%), but also found that emergency department visits
were the most common complication.

Nearly all prior studies assessing delayed appendectomy were observational, or meta-
analyses of observational studies. We previously published a population level study on risks with
delayed surgery in Ontario.(17) This study demonstrated an increased risk of complications only
after a delay of > 24 hours (OR 1.27, 95%CI 1.14 — 1.43 vs. <6 hour delay 1, [ref]). This trial
uses the same composite outcome definition as the population level study. Other works have also
found no difference in delaying appendectomy. Similar findings were reported in a previous
American study using the national surgical quality improvement program (NSQIP) data.
Ingraham et al. (4) found no significant difference in the adjusted rates of overall 30 day
morbidity when comparing <6 hours delay (5.5%) vs. 6-12 hours (5.4%) vs. >12 hours (6.1%).
Notably, there was also no difference found in serious morbidity/mortality either. Their
morbidity rates were lower than what was reported in this trial; however, it must be noted that

their data was collected retrospectively from a database and only included SSI, pneumonia, UTI,
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DVT, peripheral neuropathy, and unplanned intubation in their definition of morbidity, while our
morbidity definition was more inclusive and our data was collected prospectively. A number of
additional studies have also found little difference in delaying surgery, based on observational
data. (14-16) A 2018 meta-analysis of 21 studies (20 observational, 1 RCT) published between
1997-2018 (54,435 patients) found no difference between time to surgery (<6 hours, 6-12 hours,
> 12 hours) and either complicated appendicitis or SSI rate. (25) Notably, this meta-analysis

found that delays > 24 hours did result in higher risks to the patient.

Meaning and Implications of the Study
The present study demonstrates non-inferiority of delaying appendectomy in those with acute
appendicitis. Although much has been hypothesized on the implications of delaying surgery in
those with acute appendicitis due to lack of source control and potential for progression to
perforated and/or gangrenous appendicitis, these concerns do not seem to be justified. Our
results support previous population studies that have demonstrated delaying appendectomy for
up to 12 — 24 hours is safe. In the per-protocol analysis, we demonstrate that delaying
appendectomy was superior to immediate surgery. The mechanism for this was not explicitly
assessed. One hypothesis is fatigue of the health care team, which may have contributed. An
additional hypothesis is the difference in communication between the health care team and the
patient at night. The most common complication in our study was return to the emergency
department (but not readmission). It was proposed that better communication occurs during
daytime hours which may prevent unnecessary emergency department visits.

The DELAY study provides level 1 evidence of non-inferiority in delaying

appendectomy until morning in those with acute appendicitis who present at night. The practice
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of delaying surgery has been adopted in a number of settings, and this study support this change

in practice.
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Figure 2: Non-inferiority assessment
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Table 1: Characteristics of included participants based on allocations

Intervention
(Delayed Surgery)

Control (Immediate

Characteristic (n =59) Surgery) (n = 68)

Mean Age (STD) 42.2 (17.0) 38.9 (16.7) P=0.27
Sex

Male (%) 26 (44.1%) 34 (50.0%) P=10.50
Female (%) 33 (55.9%) 24 (50.0%)

ASA

Class 1 8 (13.8%) 12 (17.9%) P=0.81
Class 11 20 (34.5%) 20 (29.9%)

Class III 28 (48.3%) 31 (46.3%)

Class IV 2 (3.5%) 4 (6.0%)

Mean White Blood Cell Count

(STD) 13.3 (3.9) 12.9 (4.1) P=0.51
Mean Temperature (STD) 36.9 (0.6) 37.1(0.5) P=0.16
Diagnostic Imaging Test

Computed Tomography 47 (79.7%) 45 (66.1%) P=0.10
Ultrasound 11 (18.6%) 23 (33.8%)

Both 1 (1.7%) 0 (0%)

Perforation on Imaging 2 (3.4%) 3 (4.4%) P=0.77
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Table 2: Treatment Characteristics Based on Allocation

Intervention (Delayed

Control
(Immediate

Characteristic Surgery) (n =59) Surgery) (n = 68)

Symptom onset to decision to

operate

6 - 12 hours 3 (5.1%) 3 (4.5%) P=0.57
12 - 18 hours 15 (25.4%) 12 (17.9%)

> 18 hours 41 (69.5%) 52 (77.6%)

Mean Time between decision to P<
operate and surgery, hours (STD) 11.0(3.6) 4.4 (3.0) 0.0001
Median Time between decision to

operate and surgery, hours (IQR) 11.0 (8.6 -13.3) 3.5(2.0-6.2)

Conversion to Open 1 (1.7%) 2 (2.9%) P=0.65
Mean Operative Time, minutes

(STD) 48.9 (21.2) 53.5(21.0) P=0.23
Median Operative Time, minutes

(IQR) 44 (35 -55) 49 (40 - 60)
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Table 3: Primary outcome and secondary outcomes

Immediate
Characteristic Delayed Surgery Surgery
15/67
Composite Primary Outcome 6/59 (10.2%) (22.4%) P=0.07
Test of
non-
inferiorit
Risk Difference, 95% Confidence -12.2%, -24.4% to + y:p<
Interval 0.4% [Ref] 0.001
Specific Complications
Readmission 2/59 (3.4%) 2/67(3.0%) P=0.90
12/67
Emergency Department Visit 4/59 (6.8%) (17.9%) P=0.06
Length of Stay > 7 days 0 /59(0%) 1/67 (1.5%) P =0.35
7/67
Other Complications 3/59 (5.1%) (10.8%) P=0.25
Perforated Appendicitis at Time of 13/68
Surgery 10/58 (17.2%) (19.1%) P=0.79
Per Protocol Analysis Composite 16/61
Primary Outcome 5/65 (7.7%) (26.2%) P =0.005
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