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Purpose: The purpose of this study was to investigate the association between time from diagnosis to
operation and surgical site infection (SSI) in children undergoing appendectomy.
Methods: Pediatric patients undergoing appendectomy in 2010–2012 were included. We collected data on
patient demographics; length of symptoms; times of presentation, admission and surgery; antibiotic
administration; operative findings; and occurrence of SSI.
Results: 1388 patients were analyzed. SSI occurred in 5.1% of all patients, 1.4% of simple appendicitis (SA)
patients, and 12.4% of complex appendicitis (CA) patients. SSI did not increase significantly as the length of
time between ED triage and operation increased (all patients, p = 0.51; SA patients, p = 0.91; CA patients,
p = 0.44) or with increased time from admission to operation (all patients, p = 0.997; SA patients, p = 0.69;
CA patients, p = 0.96). However, greater length of symptoms was associated with an increased risk of SSI

(p b 0.05 for all, SA and CA patients). In univariable analysis, obesity, and increased admission WBC count
were each associated with significantly increased SSI. In multivariable analysis, only CA was a significant risk
factor for SSI (p b 0.0001).
Conclusion: We found no significant increase in the risk of SSI related to delay in appendectomy. A future
multi-institutional study is planned to confirm these results.

© 2014 Elsevier Inc. All rights reserved.
Appendicitis is one of the most common surgical diseases in
childhood [1,2]. Treatment previously consisted of urgent surgical
intervention to prevent progression to perforation, and to limit
complications including surgical site infection (SSI). However, a
number of studies have demonstrated no difference in SSI or outcome
when operative intervention was delayed [3–5]. This has led to a shift
in surgical practice consisting of admitting patients to the hospital,
placing them on antibiotics, and waiting until the following morning
to perform appendectomy. This is based on the belief that treatment
with antibiotics halts the progression of appendicitis, allowing for
surgical intervention to be performed on a semi-elective basis [6].

Recently, Teixera et al. reported an increase in SSI when surgery
was delayed longer than 6 h from the time of admission to the surgical
service [7]. That study, performed in adults, contradicted previous
reports. The purpose of the current study was to investigate the
association between time from diagnosis to operation and SSI in
children undergoing appendectomy.
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1. Methods

After receiving Institutional Review Board approval (Protocol #12-
00437), a retrospective review of all patients age 18 and younger that
underwent appendectomy for a diagnosis of appendicitis from January
1, 2010 through December 31, 2012 at a tertiary care children’s
hospital was performed. Patients diagnosed with either simple
appendicitis (SA) or complex appendicitis (CA) were included. During
the time interval of the study, some patients were taken to surgery
immediately and others were admitted to the surgical service with
operation performed either once an operating room was available or
the following morning at the discretion of the attending surgeon. All
patients were placed on pre-operative intravenous antibiotics (piper-
acillin/tazobactam, or clindamycin and gentamycin for penicillin
allergic patients) upon admission per department protocol.

Simple and complex categorization was determined retrospec-
tively from surgeon classification in the operative report. SA was
defined as acute appendicitis, whereas CA was defined as appendicitis
with any signs of advanced disease including gangrene or perforation.
Patients that underwent appendectomy as a secondary procedure (i.e.
during a colectomy or Ladd’s procedure), patients that underwent
elective interval appendectomy, and patients enrolled in a concurrent
trial testing the efficacy of non-operative management of appendicitis
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Table 1
Demographic characteristics for the total cohort, patients with SA, and patients with CA

Total
(n = 1388)

SA
(n = 919)

CA
(n = 469)

p

Age in years, mean (SD) 10.9 (3.7) 11.3 (3.5) 10.1 (4.0) b0.0001
Male, n (%) 848 (61.1) 556 (60.5) 292 (62.3) 0.52
Race, n (%)
White 1068 (77.0) 724 (78.8) 344 (73.4) 0.01
Black 122 (8.8) 113 (12.3) 40 (8.5)
Other/Unknown 198 (14.3) 82 (8.9) 85 (18.1)

BMI (kg/m2) 19.3 19.6 18.8 0.051
WBC count
(thousand cells/μL)
on admission

14.8 (5.4) 13.5 (4.8) 17.4 (5.5) b0.0001

Technique
Laparoscopic 1262 (90.9) 865 (94.1) 397 (84.7) b0.0001
Open 112 (8.1) 51 (5.6) 61 (13.0)
Converted 14 (1.0) 3 (0.3) 11 (2.4)

ASA classification
1 515 (38.2) 354 (39.8) 161 (35.2) 0.15
2 794 (59.0) 514 (57.8) 280 (61.1)
3 34 (2.5) 18 (2.0) 16 (3.5)
4 4 (0.3) 3 (0.3) 1 (0.2)

SA = simple appendicitis, CA = complicated appendicitis, ASA = American Society o
Anesthesiologists physical status classification. P values represent differences between SA
and CA patients.
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were excluded from the analysis. Data on patient demographics, pre-
operative risk factors, timing variables, antibiotic administration, and
occurrence of SSI (wound infection or abdominal/pelvic abscess) were
collected. Timing variables including length of symptoms at presen-
tation, as well as time of initial emergency department (ED)
presentation, admission to the surgical service, and start of operation
were collected. Occurrences of SSI were based on the American
College of Surgeons (ACS) National Surgical Quality Improvement
Program (NSQIP) criteria [8].

Summary statistics were presented as frequencies and proportions
for categorical data, and means and standard deviations or medians
and interquartile ranges (IQR) for continuous variables. Characteris-
tics were compared between simple and complex cases using Pearson
chi-square tests or Fisher exact tests for categorical variables and t
tests or Mann Whitney U tests for continuous variables. Associations
between pre-operative and operative characteristics and SSI were
evaluated using univariable logistic regression models. For the time to
appendectomy variables, which were the primary exposures of
interest, categorical variables were created in order to allow for
nonlinear associations with the outcomes. Times from ED triage to
operation were grouped into b4 h, 4–8 h, 8–12 h, 12–16 h, and
N16 h. Times from admission to the surgical service to operation were
grouped into b3 h, 3–6 h, 6–9 h, 9–12 h, and N12 h. Times between
the start of symptoms and operation were grouped into b12 h, 12–
24 h, 24–36 h, 36–48 h, 48–60, and N60 h. These groups were created
prior to examining the outcomes, and with the objective of having
groups of similar sizes classified based on logical cut points. Using
Pearson chi-squared tests or Fisher exact tests, the proportion of
patients with SSI were compared across categories of time to
appendectomy for each timing variable. A Cochran–Armitage test
for trend was also used to examine whether SSI rate increased with
increasing time to appendectomy. Similar analyses were performed
for the outcome of any post-operative occurrence. All analyses were
repeated in the simple and complex case subgroups.

The time to appendectomy variables were then evaluated in
multivariable logistic regression models for each outcome. The
covariates selected for inclusion in these models were those factors
found in bivariable analysis to be associated with the post-operative
outcome at p b 0.15. Backward elimination was used to arrive at a
final multivariable model that included the time to appendectomy
variable and any covariate significant at p b 0.10. SAS version 9.3
(SAS Institute Inc., Cary, NC) was used for all statistical analyses.
P values b 0.05 were considered statistically significant.

2. Results

Of 1388 patients identified for analysis, 919 (66%) had SA and 469
(34%) had CA. SSI occurred in 5.1% of the total patient cohort. SSI
occurred in 1.4% of SA patients and 12.4% of CA patients (p b 0.001). In
97.8% of all patients, pre-operative intravenous antibiotic adminis-
tration from the time of admission until the time of surgery was
confirmed. The typical antibiotic regimen used consisted of piper-
acillin/tazobactam (Zosyn®, 100 mg/kg) administered every 8 h until
the time of surgery. Patients allergic to penicillin typically received
clindamycin and gentamycin. The total patient cohort received either
1 dose (63.2%), 2 doses (29.5%), or 3 or more doses (7.4%) of pre-
operative antibiotics. SA patients received either 1 dose (66.4%), 2
doses (27.8%), or 3 or more doses (5.9%) of pre-operative antibiotics.
CA patients received either 1 dose (57.3%), 2 doses (32.4%), or 3 or
more doses (10.2%) of pre-operative antibiotics.

Demographics for all patients, SA patients and CA patients are
shown in Table 1. There were no differences in sex, body mass index
(BMI) or American Society of Anesthesiologists (ASA) class between
patients with SA and those with CA. Patients with CA were younger
than patients with SA (mean (SD) 10.1 (4.0) vs. 11.3 (3.5) years;
p b 0.0001) and were less likely to be Caucasian (73.4% vs. 78.8%; p =
.

f

0.01). Patients with CA also had, on average, higher white blood cell
count (WBC) (mean (SD) 17,400 (5500) vs. 13,500 (4800) cells/μL;
p b 0.0001) compared to those with SA. Patients with CA were more
likely to have an open operation or laparoscopic-to-open conversion
than those with SA (15.4% vs. 5.9%, p b 0.0001).

Regarding time between ED triage and operation, 8.6% of all
patients received surgery in b4 h, 35% in 4–8 h, 25% in 8–12 h, 17% in
12–16 h, and 14% in N16 h.When evaluating time between admission
to the surgical service and operation, 33% of the total cohort
underwent surgery in b3 h, 24% in 3–6 h, 18% in 6–9 h, 13% in 9–
12 h, and 13% in N12 h. Regarding time between the start of
symptoms and operation, 6% of all patients received surgery in
b12 h, 19% in 12–24 h, 29% in 24–36 h, 5% in 36–48 h, 18% in 48–60 h,
and 21% in N60 h. The incidence of SSI as related to operative time
variables and length of symptom data is shown in Table 2. The risk of
SSI did not significantly increase as the length of time between ED
triage and operation increased (all patients, p = 0.51; SA patients,
p = 0.91; CA patients, p = 0.44). Likewise, the risk of SSI did not
significantly increase as the duration of time from surgical admission
to operation increased (all patients, p = 0.997; SA patients, p = 0.69;
CA patients, p = 0.96). The risk of SSI did significantly increase,
however, as the length of time between start of symptoms and
operation increased (all patients, p = b0.0001; SA patients, p =
0.048; CA patients, p = 0.002).

In univariable analysis, obesity (odds ratio 2.6, p = 0.04) and
increased admission WBC count (odds ratio 1.06 for a 1000 cells/μL
increase, p = 0.01) were each associated with an increased risk of SSI
in the total study cohort. Patients that received an open operation or a
laparoscopic converted to open operation were significantly more
likely to have an SSI compared to those that had laparoscopic
procedures (11.1% versus 4.5%, p b 0.001).

Multivariable logistic regressionmodels were performed separately
for patients with SA and for patients with CA, as well as for the total
cohort. When patients with SA were analyzed separately, none of the
time variables (time between ED triage and operation, time between
admission to the surgical service and operation, or time from start of
symptoms to operation) were predictive of SSI (p N 0.15 for all
variables). For CA, older age (odds ratio 1.10 per 1 year increase in
age, p = 0.02), having a gastrointestinal comorbidity (odds ratio 4.76,
p = 0.02) and having an open operation or a laparoscopic converted to
open operation (odds ratio 7.68 for laparoscopic converted to open,
odds ratio 1.75 for open; p = 0.009) were associated with a higher risk



Table 2
Associations between delay in appendectomy and incidence of post-operative SSI-categorical time variables.

SSI Total (n = 1388) Simple (n = 919) Complex (n = 469)

Number of post-op SSI/Total N (%) P Number of post-op SSI/Total N (%) P Number of post-SSI/Total N (%) P

Time between ER triage and operating room
b 4 h 6/120 (5.0) 0.51 2/84 (2.4) 0.91 4/36 (11.1) 0.44
4–8 h 21/482 (4.4) 1/309 (0.3) 20/173 (11.6)
8–12 h 21/345 (6.1) 7/230 (3.0) 14/115 (12.2)
12–16 h 11/234 (4.7) 1/157 (0.6) 10/77 (13.0)
N 16 h 12/200 (6.0) 2/134 (1.5) 10/66 (15.2)
Time between admission to surgical
service and operating room
b 3 h 23/453 (5.1) 0.997 3/288 (1.0) 0.69 20/165 (12.1) 0.96
3–6 h 17/328 (5.2) 3/228 (1.3) 14/100 (14.0)
6–9 h 12/243 (4.9) 4/162 (2.5) 8/81 (9.9)
9–12 h 10/179 (5.6) 1/117 (0.9) 9/62 (14.5)
N 12 h 9/185 (4.9) 2/124 (1.6) 7/61 (11.5)
Time between start of symptoms and
operating room
b 12 h 2/85 (2.4) b .0001 2/75 (2.7) 0.048 0/10 (0) 0.002
12–24 h 4/266 (1.5) 0/228 (0) 3/38 (7.9)
24–36 h 7/404 (1.7) 3/304 (1.0) 4/100 (4.0)
36–48 h 8/72 (11.1) 1/36 (2.8) 7/36 (19.4)
48–60 h 19/253 (7.5) 2/129 (1.6) 17/124 (13.7)
N 60 h 32/298 (10.7) 5/141 (3.6) 27/157 (17.2)

P values are from Cochran–Armitage tests for trend, testing the null hypothesis that there is no increase in the proportion of patients with an event as the duration of time (e.g.
between ER triage and OR) increases.
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of SSI. Additionally, increased length of symptoms at time of operation
was associated with an increased risk of SSI (p = 0.03) in CA patients.

In multivariable logistic regressionmodels for all patients, only the
presence of CA was a statistically significant risk factor for develop-
ment of SSI (p b 0.0001), though obesity (p = 0.057) and an
increased length of symptoms at time of operation (p = 0.054)
were marginally significant predictors.
3. Discussion

In the current study, we found no significant association between
SSI rates and delay in appendectomy. The interval between both ED
triage time or admission time to the surgery service and time to OR
was examined due to the variable length of time patients may spend
in the ED. Neither time interval was associated with increased SSI. The
only time factor that was associatedwith an increased incidence of SSI
was increased length of symptoms, which is typically associated with
perforation. We found that the markers associated with an increased
risk of SSI were those known to be related to disease severity, i.e.,
length of symptoms and increasedWBC count. Additionally, rate of SSI
was increased when patients had an open or laparoscopic converted
to open operation, which is consistent with the published literature.
This most likely also related to severity of disease.

Our results are similar to previously published studies that have
affected surgeon practice [3–5], and contradict a recent study
suggesting that a delay of more than 6 h was associated with an
increased incidence of SSI [7]. Several differences were identified in
the Teixeira et al. study compared to our current study. First, Teixeira
et al. evaluated adult patients only whereas our data were extracted
from a large pediatric tertiary care center with patients N18 years of
age excluded. Additionally, Teixeira et al. only evaluated the time from
surgical admission to OR. Due to likely fluctuations in ED stay prior to
surgical consultation (due to diagnostic tests performed and differ-
ences in ED census), we included both time from ED triage and time
from surgical admission [7]. Finally, no information was provided in
the Teixeira study regarding timing and number of pre-operative
antibiotic doses. One additional study evaluated SSI risk in adult
patients with appendicitis, using similar time points as in our study
[9]. They also found no significant differences in intra-operative
findings or in post-operative complications related to delay in
operative timing.

A large review of patients N16 years of age with appendicitis from
the American College of Surgeons (ACS) National Surgical Quality
Improvement Program (NSQIP) database did not identify an associ-
ation between delay in appendectomy for acute appendicitis and
increased risk of complications [5]. We initially aimed to perform a
similar analysis using NSQIP Pediatric data from our institution.
However, initial evaluation of appendectomy patients submitted to
the NSQIP Pediatric database from our institution yielded a reduced
number of patients compared to all appendectomy patients treated at
our institution since firstly, NSQIP limits the number of appendectomy
patients included in each cycle and secondly, our institution has only
been participating in the NSQIP Pediatric for 3 years. Due to these
limitations, we expanded our inclusion criteria to include all patients
who underwent appendectomy for appendicitis during the study time
period. SSI definitions in our study were based on NSQIP guidelines in
order to provide a more standardized review, and in an attempt to
remove any bias in the review and in determination of SSI rates.

Most studies examining the timing of appendectomy on outcomes
primarily involve adult patients. Some include pediatric patient
populations, but it is difficult to determine the percent of pediatric
patients in these studies. Yardeni et al. examined delay in appendec-
tomy in another large pediatric hospital, and also found that delay to
surgery was not associated with increased complications [4]. Surana
et al. compared outcomes in children with their appendectomy
performed b 6 h vs. after 6–18 h, and found similar perforation rates,
hospital length of stay and complications [10]. They did not, however,
perform stratified analyses in patients with acute and perforated
appendicitis. We chose to look at all 3 groups (total cohort, SA, and
CA) separately due to the inherent higher risk of SSI in patients with
perforated disease. Additionally, Surana et al. compared only two time
categories (b6 h and 6–18 h) in their analyses. We chose to evaluate
the time to appendectomy as a continuous variable and as both a
nominal and ordinal categorical variable, and we ultimately selected 5
categories for each time variable. In addition, to decrease bias we used
NSQIP guidelines to classify post-operative complications as well as
pre-operative risk factors.

Our study, focusing on the pediatric population, confirmed the
safety of delaying appendectomy until the following morning when
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patients are admitted late in the evening while being treated with
intravenous antibiotics during the intervening period of time. We
found no association between SSI rates and delayed surgical
intervention. A multi-institutional NSQIP Pediatric study is currently
under way to further confirm these results and elucidate any risks
associated with surgical delay.
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Discussion

Discussant: Dr. Douglas Barnhardt, Salt Lake City, UT: Thanks for

bringing that information to us. It goes towards what most of us
are biased that this is safe to do, as you know there was a recent
survey driven by one of the emergency department physicians that
brought that into question. I have a question about theway you did
your analysis. You broke the cases down into simple appendicitis
and complicated appendicitis, which at first pass makes intuitive
sense, but what we would anticipate in your delay is the concern
that you take a patient that had simple appendicitis and becomes
complicated appendicitis.

Did you specifically look at that question, of if you take time from
all of these different time start points to OR was there a difference
in the rate of complicated versus simple appendicitis based on
time to operation?

Response: Dr. Boomer: We did not specifically look at that evaluation,
and all of our simple versus complicated cases were obviously based
on operative reports, but, that's an excellent point, thank you.

Discussant:Dr. Mary Brandt, Houston, TX: I really want to applaud you
for doing this. The adult study you quoted really got a lot of
traction, a very high-profile study and hospitals were all over it
because preventing SSI is a big deal in terms of cost, outcomes and
quality but, that study had some serious flaws. You did this one in a
very rigorous manner, and I just mainly want to applaud you for
doing it.

Response: Dr. Boomer: Thank you.

Discussant: Dr. Brandt: With reference to the last question, do you
think there is a subset of children that we shouldn't be doing this
on and how are we going to figure out who that is?

Response: Dr. Boomer: Thank you first of all. I think it's difficult to
determine from the analysis I have so far. When I look at the
univariable data, it would lead you to think that patients that
maybe had symptoms for longer than 24 or 36 h may lead you to
believe they would benefit from having surgery sooner, but then
on the multivariable analysis that factor fell out completely.

Discussant: Dr. Brandt: Don't you think those are just the children that
end up with complicated appendicitis because it's been longer and
that's why they have more?
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