
Journal of Pediatric Surgery xxx (2017) xxx–xxx

Contents lists available at ScienceDirect

Journal of Pediatric Surgery

j ourna l homepage: www.e lsev ie r .com/ locate / jpedsurg
Early versus late surgical management of complicated appendicitis in
children: A statewide database analysis with one-year follow-up☆
Saurabh Saluja a, Tianyi Sun b, Jialin Mao b, Shaun A. Steigman c, P. Stephen Oh c, Heather L. Yeo d,
Art Sedrakian b, Demetri J. Merianos c,⁎
a Department of Surgery, Weill Cornell Medicine, 1300 York Ave., New York, NY 10065, USA
b Department of Healthcare Policy and Research, Weill Cornell Medicine, 402 East 67th Street, New York, NY 10065, USA
c Division of Pediatric Surgery, Department of Surgery, Weill Cornell Medicine, 520 East 70th Street, L-718, New York, NY 10065, USA
d Division of Colorectal Surgery, Department of Surgery. Weill Cornell Medicine. 520 East 70th Street, Starr 8, New York, NY 10065, USA

a b s t r a c ta r t i c l e i n f o
☆ Disclosures: Conflicts of Interest: none
⁎ Corresponding author at: 520 East 70th Street, L-718

646 962 2599; fax: +1 212 746 3884.
E-mail address: dem9110@med.cornell.edu (D.J. Meria

https://doi.org/10.1016/j.jpedsurg.2017.09.012
0022-3468/© 2017 Elsevier Inc. All rights reserved.

Please cite this article as: Saluja S, et al, Early
ysis with one-year follow-..., J Pediatr Surg (
Article history:

Received 14 April 2017
Received in revised form 27 August 2017
Accepted 2 September 2017
Available online xxxx

Key words:
Complicated appendicitis
Pediatric appendicitis
Early appendectomy
Health services research
Outcomes research
SPARCS

Background: Complicated appendicitis is common in children, yet the timing of surgical management remains
controversial. Some support initial antibiotics with delayed operation whereas others support immediate
operation. While a few randomized trials have evaluated this question, they have been small, single-center trials
with limited follow-up. We present a database analysis of outcomes in early versus late surgical management of
complicated appendicitis with one-year follow-up.
Methods: We conducted a retrospective review of children with complicated appendicitis presenting between
2000 and 2013, utilizing a New York State database. We compare children undergoing later versus early
appendectomy with a primary outcome measure of any complication within one year as determined from
ICD-9 codes.
Results: 8840 children were included in the analysis, 7708 of whom underwent early appendectomy. Patients
with late appendectomy were significantly more likely to have at least one complication when compared to
those undergoing early appendectomy (34.6% vs 26.7%, p b 0.01).

Conclusions:We present the first population-level study evaluating early versus late appendectomy in children
with complicated appendicitis with a one-year follow-up period. Children undergoing late appendectomy
were more likely to have a complication than those undergoing early appendectomy. These data corroborated
previous studies supporting early operative management.
Level of evidence: This study provides level III evidence of a treatment study.

© 2017 Elsevier Inc. All rights reserved.
Appendicitis is themost commondisease requiring surgical treatment
in children [1,2] and up to 30% of childrenwith appendicitis present with
appendiceal rupture [3]. Yet, the treatment of such complicated
appendicitis – i.e. appendicitis resulting in abscess or generalized
peritonitis – is varied. Traditionally it is managed with immediate
surgery. However, in the 1980s treatment with initial antibiotics followed
by “interval appendectomy” after a period of four to sixteen weeks was
described [4] and this approach inmanagement became increasingly pop-
ular. In this time period, several retrospective studies, including a meta-
analysis, suggested reduced morbidity with late appendectomy [5–7].

In recent years, however, new data have questioned this practice.
One study found that a substantial percentage of patients with
suspected acute perforated appendicitis and a plan for interval
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appendectomy require unplanned readmission [8]. Additionally, a ran-
domized control trial demonstrated that patients undergoing immedi-
ate appendectomy had quicker return to normal activity, fewer
adverse events, and lower cost to the system when compared to those
with late appendectomy [9,10]. A separate randomized trial looking
only at children with an appendiceal abscess had mixed findings in
terms of clinical parameters when comparing early to late appendecto-
my [11], but demonstrated that children experienced better quality of
life and parents suffered less stresswhen undergoing early appendecto-
my [12].

1. Purpose

Despite the emerging data favoring early appendectomy, no consen-
sus exists on the optimal management of complicated appendicitis in
children, and practice patterns continue to vary dramatically. This may
in part be because of the fact that the majority of studies on the
topic – both in favor of and against early appendectomy – were
ent of complicated appendicitis in children: A statewide database anal-
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single-center studies,with small sample sizes, and limited follow-uppe-
riods. Thus, the purpose of our study was to compare surgical outcomes
for early versus late surgical management of complicated appendicitis
using a large state-level all payer database.
2. Material and methods

2.1. Data source

We utilized the New York State Department of Health Statewide
Planning and Research Cooperative (SPARCS) database for analysis.
This database, established in 1979, collects patient, treatment, and pro-
vider information for every hospital discharge, ambulatory surgery,
emergency department visit, and outpatient service. The database in-
cludes demographic information including race and ethnicity as classi-
fied and defined by SPARCS, ICD-9 codes pertaining to primary and
secondary diagnoses, procedure, length of stay, and charges. A unique
identifier is assigned to every patient allowing for longitudinal analysis.
Fig. 1. Patient sele
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2.2. Study population

We included all children less than age 18 admitted between 2000
and 2013 with a primary diagnosis of appendicitis with generalized
peritonitis (ICD-9-CM 540.0) or any diagnosis of acute appendicitis
with peritoneal abscess (ICD-9-CM 540.1). Procedure codes of open
and laparoscopic appendectomy (ICD-9-CM 47.01, 47.09) were used
to determine the timing of surgery. Patients were excluded if they
never underwent an appendectomy as we were unable to distinguish
between patients being treated without surgery, patients lost to
follow-up, or patients receiving further care outside of New York
State. We additionally excluded children who had prior hospitalization
for uncomplicated appendicitis. A detailed patient selection process is
described in Fig. 1.

The independent variablewas early versus late appendectomy. Early
appendectomy was defined as surgery within 2 days of admission dur-
ing index hospitalization as it has previously been shown that there are
minimal differences in outcome between 12, 24 and 48-h delay fromdi-
agnosis to surgery [13]. Late appendectomy was defined as having
ction process.
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Table 1
Characteristics of children undergoing early appendectomy and late appendectomy for
complicated appendicitis.

Early Surgery Late Surgery p value

Total Patients 7708 1132
Age(Mean (sd)) 10.6 (4.2) 9.6 (4.5) b0.01
Sex b0.01

Male 4637 (60.2%) 621 (54.9%)
Race 0.02

White 4660 (60.5%) 648 (57.2%)
Black 864 (11.2%) 157 (13.9%)
Other 2184 (28.3%) 327 (28.9%)

Insurance b0.01
Medicaid 2821 (36.6%) 464 (41.0%)
Commercial 4250 (55.1%) 603 (53.3%)
Medicare and Other 637 (8.3%) 65 (5.7%)

Initial Diagnosis b0.01
Generalized Peritonitis 4009 (52.0%) 294 (26.0%)
Peritoneal Abscess 3699 (48.0%) 838 (74.0%)

Surgery type b0.01
Laparoscopic 3022 (39.2%) 689 (60.9%)

Comorbidity on first admission
Pulmonary disease 652 (8.5%) 91 (8.0%) 0.63
Anemia 105 (1.4%) 26 (2.3%) 0.02
Obesity 143 (1.9%) 17 (1.5%) 0.40
Dehydration 571 (7.4%) 127 (11.2%) b0.01
Asthma 528 (6.9%) 71 (6.3%) 0.47
Gastroenteritis 108 (1.4%) 41 (3.6%) b0.01
Pleural Effusion 111 (1.4%) 28 (2.5%) b0.01

Hospital Volume b0.01
Low 2782 (36.1%) 148 (13.1%)
Medium 2638 (34.2%) 336 (29.7%)
High 2288 (29.7%) 648 (57.2%)
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surgery greater than two days after admission, whether during index
hospitalization or at subsequent admission. We subdivided the late
appendectomy group into subgroups on the basis of those who had
appendectomy late but during index admission, those who had appen-
dectomy during an urgent subsequent admission, and those who had
appendectomy during an elective subsequent admission.

Patient characteristics included age, race, insurance status, initial di-
agnosis and surgical approach (open or laparoscopic). Pediatric comor-
bidities or associated symptoms were adapted from a previously
described comorbidity model and were included if they applied to
more than 10 patients in the study population; [14] a diagnosis of obe-
sity (ICD-9 codes of 27,800, 27,801, 27,802) was also included as a co-
morbidity [15]. Hospital volume was determined based on average
annual numbers of pediatric appendectomyprocedures and categorized
into tertiles.

2.3. Outcomes of interest

The primary outcome of interest was all complications within one
year of follow-up (with end of study December 2014). Complications
were defined by ICD-9 codes previously utilized in studies evaluating
pediatric appendicitis [15–17]. Secondary outcomes included index
hospital length of stay (LOS), total days of hospitalization within a
one-year follow-up period, readmission rates, and cumulative hospital
charges within one-year of index hospitalization. The rehospitalization
during which patients underwent late appendectomy was not counted
as a readmission. Prolonged total LOS and high total charges were de-
fined as greater than 75th percentile.

2.4. Statistical analysis

For patients who had early or late appendectomy, events and per-
centageswere presented for baseline patient demographics, initial diag-
nosis, surgery type, comorbidities and hospital volume. Chi-Square tests
for categorical variables and Student's t-tests for continuous variables
were used to assess differences in baseline characteristics. Significance
was determined at p b 0.05.

Events and percentageswere also presented for one-year in-hospital
outcomes including complications and readmission andwere compared
between groups using Chi-Square test. Median and interquartile range
of length of stay (LOS) at index admission, total LOS and total charges
within 1 year were obtained and compared using Wilcoxon rank sum
tests. Generalized linear mixed models, accounting for hospital cluster-
ing were used to adjust for baseline patient demographics, primary di-
agnosis and comorbidities. Adjusted odds ratios and 95% confidence
intervals were obtained for major events, readmission, prolonged total
LOS and excessive total charges.

Subgroup analyses were conducted to compare specific approaches
in the late surgery group to the early surgery group. Similar statistical
methods were implemented. Sensitivity analyses were performed eval-
uating patients with a diagnosis of appendicitis with generalized perito-
nitis and appendicitis with abscess separately as well as evaluating a
cutoff of one day for defining patients with early appendectomy. All
analyses were performed using SAS v9.3 (SAS Institute Inc., Cary, NC).

2.5. Conflict of interest and sources of funding

The authors have no conflicts of interest to declare. The study is
funded by the Center for Effectiveness and Surgical Outcomes Research
in the Department of Surgery at Weill Cornell Medicine.

3. Results

A total of 10,057 children were admitted for complicated appendici-
tis between 2000 and 2013 in New York State. 1217 children were ex-
cluded owing to having never underwent appendectomy or owing to
Please cite this article as: Saluja S, et al, Early versus late surgical managem
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having multiple procedure codes for appendectomy (Fig. 1). Of the re-
maining 8840 children, 59.5% were male, 60.0% were White, 11.5%
were Black, and 37% were on Medicaid. 48.7% presented with an initial
diagnosis of generalized peritonitis and the remainder presented
with an initial diagnosis of peritoneal abscess. 7708 children (87%)
underwent immediate appendectomy.

Children undergoing late appendectomy were younger (Late vs.
Early: average age 9.6 vs. 10.6 years, p b 0.01) and less likely to be
male (54.9% vs. 60.2%, p b 0.01) (Table 1). Patients with Medicaid
(41.0% vs. 36.6%, p b 0.01) and Black patients (13.9% vs. 11.2%, p =
0.02) comprised a larger percentage of the late appendectomy group
when compared to the immediate appendectomy group. Patients with
an initial diagnosis of appendicitis with abscess were significantly
more likely to have a late appendectomy (74.0% vs. 48.0%, p b 0.01).
When compared to early surgeries, late surgeries were more likely to
be performed with laparoscopic approach (60.9% vs. 39.2%, p b 0.01).
Children with a comorbidity of anemia, dehydration, gastroenteritis,
and pleural effusion were more likely to undergo late appendectomy.
Of note, the diagnosis of gastroenteritis could be viewed as amisdiagno-
sis contributing to the delay in appendectomy, rather than a conse-
quence of that decision.

On univariate analysis, patientswith late appendectomywere signif-
icantly more likely to have at least one complication when compared to
those undergoing early appendectomy (26.1% vs. 22.9%, p b 0.01)
(Table 2); specifically, they were more likely to have urinary (4.5% vs.
2.7%, p b 0.01), pulmonary (7.4% vs. 5.1%, p b 0.01), or iatrogenic compli-
cations (2.7% vs. 0.8%, p b 0.01) than those undergoing immediate ap-
pendectomy. Conversely, patients undergoing late appendectomy
were less likely to have wound complications (6.1% vs. 8.1%, p =
0.02). Both the initial hospitalization (median 8 vs. 5 days, p b 0.01)
and the total one-year hospitalization time (10 vs. 6 days, p b 0.01)
were longer in the late surgery group than the early surgery group. Re-
admission rates (18.5% vs. 10.1%, p b 0.01) and total charges (Median
$47,125 vs. $20,877, p b 0.01) were similarly higher in the late surgery
group.
ent of complicated appendicitis in children: A statewide database anal-
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Table 2
Outcomes among patients who underwent early and late surgery for complicated
appendicitis.

Early Surgery
(N = 7708)

Late Surgery
(N = 1132)

p-value

Outcome during index admission
Median LOS in
days (IQR)

5 (4–8) 8 (5–12) b0.01

Outcome during 1 year follow up
Gastrointestinal 753 (9.8%) 125 (11.0%) 0.18
Wound 626 (8.1%) 69 (6.1%) 0.02
Other Infectious 737 (9.6%) 90 (8.0%) 0.08
Urinary 205 (2.7%) 51 (4.5%) b0.01
Pulmonary 396 (5.1%) 84 (7.4%) b0.01
Iatrogenic 61 (0.8%) 30 (2.7%) b0.01
Cardiovascular 33 (0.4%) NR 0.95
Any Complication 1763 (22.9%) 296 (26.1%) 0.01
Number of
Complications

b0.01

0 5945 (77.1%) 836 (73.9%)
1 988 (12.8%) 188 (16.6%)
2+ 775 (10.1%) 108 (9.5%)

Readmissiona 781 (10.1%) 210 (18.5%) b0.01
Total LOS (days)
Median (IQR) 6 (4–8) 10 (7–15) b0.01
Prolonged (N75%) 1490 (19.3%) 637 (56.3%) b0.01

Total Charges ($) (IQR)
Median (IQR) 20,877 (12955–35,804) 47,125

(29528–76,068)
b0.01

Excessive (N75%) 1556 (20.2%) 654 (57.8%) b0.01

NR = Not Reportable (for events of ≤10), LOS = Length of Stay, IQR = Interquartile
Range.

a Readmission for the late surgery group did not include the admission for any interval
appendectomy.

Table 4
Adjusted odds ratio (95% CI) for 1-year outcomes among patients who underwent early
and late surgery and had peritoneal abscess diagnosis.

Crude numbers of cases Adjusted Odds Ratios

Early
Surgery
(N = 3699)

Late
Surgery
(N = 838)

Late Surgery
vs Early
Surgery

p-value

Outcome during
1 year follow up

Gastrointestinal 400 (10.8%) 95 (11.3%) 0.94 (0.72–1.23) 0.65
Wound 316 (8.5%) 46 (5.5%) 0.65 (0.46–0.93) 0.02
Other Infectious 386 (10.4%) 62 (7.4%) 0.66 (0.49–0.90) b0.01
Urinary 94 (2.5%) 33 (3.9%) 1.36 (0.88–2.11) 0.17
Pulmonary 219 (5.9%) 62 (7.4%) 1.20 (0.80–1.80) 0.36
Iatrogenic 38 (1.0%) 21 (2.5%) 2.22 (1.23–4.04) b0.01
Cardiovascular 17 (0.5%) NR 1.29 (0.37–4.50) 0.69
Any Complication 910 (24.6%) 219 (26.1%) 1.00 (0.82–1.23) 0.96
Readmissiona 388 (10.5%) 162 (19.3%) 1.88 (1.51–2.34) b0.01
Prolonged Total LOS 878 (23.7%) 489 (58.4%) 4.45 (3.70–5.34) b0.01
Excessive Total Charges 831 (22.5%) 484 (57.8%) 4.08 (3.29–5.05) b0.01

a Readmission for the late surgery group did not include the admission for
appendectomy.

Table 5
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After adjusting for patient characteristics and hospital volume
(Table 3), we found that patients undergoing a late appendectomy
were significantly more likely to have urinary (OR 1.48, 95% CI
1.06–2.09) or iatrogenic complications (OR 2.65, 95% CI 1.62–4.31)
and were more likely to be readmitted (OR 1.81, 95% CI 1.51–2.17).
This group of patients was also more likely to have prolonged total
LOS (OR 4.70, 95% CI 4.04–5.48) and excessive total charges (OR 4.29,
95% CI 3.60–5.12).

On subset analyses evaluating peritoneal abscess and generalized
peritonitis separately, we found that patients with peritoneal abscess
were significantly more likely to have iatrogenic complications (OR
2.22, 95% CI 1.23–4.04), be readmitted (OR 1.88, 1.51–2.34), have
prolonged length of stay (OR 4.45 95% CI 3.70–5.34), and have excessive
total charges (OR 4.08, 95% CI 3.29–5.05) if undergoing late surgery as
compared to early surgery (Table 4). Similarly, patients with a diagnosis
Table 3
Adjusted odds ratio (95% CI) for 1-year outcomes among patients who underwent early
and late surgery for complicated appendicitis.

Early Surgery
(N = 7708)

Late Surgery
(N = 1132)

p-value

Outcome during 1 year follow up
Gastrointestinal Ref 0.97 (0.78–1.22) 0.81
Wound Ref 0.70 (0.53–0.92) 0.01
Other Infectious Ref 0.72 (0.56–0.92) 0.01
Urinary Ref 1.48 (1.06–2.09) 0.02
Pulmonary Ref 1.32 (0.95–1.84) 0.10
Iatrogenic Ref 2.65 (1.62–4.31) b0.01
Cardiovascular Ref 0.83 (0.30–2.27) 0.71
Any Complication Ref 1.01 (0.86–1.19) 0.91
Readmissiona Ref 1.81 (1.51-2.17) b0.01
Prolonged Total LOS Ref 4.70 (4.04–5.48) b0.01
Excessive Total Charges Ref 4.29 (3.60–5.12) b0.01

a Readmission for the late surgery group did not include the admission for any interval
appendectomy.
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of generalized peritonitis were significantly more likely to have an
intraabdominal abscess (OR 2.09, 95% CI 1.37–3.20), have a urinary
complication (OR 1.75, 95% CI 1.00–3.03), have an iatrogenic com-
plication (OR 4.24, 95% CI 1.81–9.96), require readmission (OR1.66,
95% CI 1.17–2.34), have a prolonged length of stay (OR 5.79, 95% CI
4.36–7.69), and have excessive total charges (OR 5.61, 95% CI
4.04–7.78) if undergoing late surgery instead of early surgery (Table 5).

On sensitivity analysis inwhich the cutoff between early and late ap-
pendectomywas reduced to one day from two days, the number of pa-
tients in the early appendectomy group decreased by 235 to 7473.
When evaluating adjusted odds ratio for having complications, there
were no differences from our primary results with the exception that
pulmonary complications, which were more likely in the late group,
achieved significance (OR 1.43 95% CI 1.06–1.93).
Among patients in the late surgery group, 284 (25.1%) children
underwent an appendectomy greater than two days after admission
during index hospitalization, 251 (22.2%) at an urgent subsequent ad-
mission, and 597 (52.7%) at an elective subsequent admission (see
Table A.1 in the Appendix for characteristics of children undergoing
late surgery by subgroup). Compared to the early surgery group, pa-
tients having late surgery during the index hospitalization were more
Adjusted odds ratio (95% CI) for 1-year outcomes among patients who underwent early
and late surgery and had generalized peritonitis diagnosis.

Crude numbers of cases Adjusted Odds Ratios

Early
Surgery
(N = 4009)

Late
Surgery
(N = 294)

Late Surgery
vs Early
Surgery

p-value

Outcome during 1 year
follow up

Intra-abdominal abscess 202 (5.0%) 33 (11.2%) 2.09 (1.37–3.20) b0.01
Gastrointestinal 353 (8.8%) 30 (10.2%) 1.08 (0.71–1.65) 0.71
Wound 310 (7.7%) 23 (7.8%) 0.92 (0.57–1.47) 0.71
Other Infectious 351 (8.8%) 28 (9.5%) 0.92 (0.59–1.42) 0.7
Urinary 111 (2.8%) 18 (6.1%) 1.75 (1.00–3.03) 0.05
Pulmonary 177 (4.4%) 22 (7.5%) 1.59 (0.88–2.88) 0.12
Iatrogenic 23 (0.6%) NR 4.24 (1.81–9.96) b0.01
Cardiovascular 16 (0.4%) NR 0.41 (0.04–3.83) 0.43
Any Complication 853 (21.3%) 77 (26.2%) 1.11 (0.82–1.51) 0.49
Readmissiona 393 (9.8%) 48 (16.3%) 1.66 (1.17–2.34) b0.01
Prolonged Total LOS 612 (15.3%) 148 (50.3%) 5.79 (4.36–7.69) b0.01
Excessive Total Charges 725 (18.1%) 170 (57.8%) 5.61 (4.04–7.78) b0.01

a Readmission for the late surgery group did not include the admission for
appendectomy.
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likely to experience any complication (OR 2.10, 95% CI 1.60–2.74) (see
Table A.2 in the Appendix for adjusted outcomes of children undergoing
late appendectomy by subgroup). These patients had the highest com-
plication rate in nearly all measured complications, the longest total
length of stay, and the highest costs. Patients who underwent elective
interval appendectomy did not have a higher risk of experiencing com-
plications compared to patients undergoing early surgery. However,
this group of patients was more likely to have longer total length of
stay and higher total charges.
4. Discussion

This is thefirst population level study evaluatingoutcomes following
early and late appendectomy for pediatric patients with complicated
appendicitis over a one-year follow-up period. Our data showed that
children undergoing late appendectomyweremore likely to suffer com-
plications, have longer total length of stay, and incur greater charges
when compared to those undergoing early appendectomy.

These findings were consistent with a previous randomized con-
trolled trial in which patients with suspected perforated appendicitis
but no abscess had lower costs, shorter length of stay and lower compli-
cation rates when treated with early rather than late appendectomy
[9,10]. A separate randomized trial which evaluated early versus de-
layed surgical management of appendiceal abscess also found more
healthcare visits in the late management group [11]. That trial differed
from our findings in that they found significantly longer operating
times and longer time to goal intake in the early operation group— pa-
rameterswewere unable tomeasure. Additionally, they did notfinddif-
ferences in recurrence of abscess or hospital charges; however, that trial
was limited to 40 patients and may not have detected subtler
differences.

Our latemanagement group includes childrenwho had their appen-
dectomy during index hospitalization but greater than two days from
hospitalization. While it is not uncommon for children planned for im-
mediate appendectomy to experience some delay owing to resuscita-
tion and OR availability, it is unlikely that this delay would exceed two
days. Thus, we believe that these patients likely represented children
in which the surgeon initially planned for interval appendectomy but
the child failed to clinically improve. Our subgroup analysis revealed
that the complication rate and cost were highest among this group.
While these patients may represent children with more severe cases
of peritonitis, the question remains whether earlier operation could
have prevented some of the complications and cost that these children
incurred.

Moreover, we found that 29.6% of patients discharged without ap-
pendectomy required urgent readmissions — a number consistent
with findings seen by other authors who reported unplanned readmis-
sion rates of 35% [8,9]. Finally, it is worth noting that of patients who are
relegated to late surgery, only about half have an elective operation,
suggesting a high rate of failure of the initial plan for interval appendec-
tomy. Collectively, these findings suggest that the initial decision to not
operate immediately results in the planned interval operation in only
select cases and overall the decision to wait is associated with greater
morbidity and cost.

It is worth noting, that at high volume centers, a greater proportion
of children undergoing late operation had their procedure as an elective,
interval procedurewhen compared tomediumand low volume centers.
The reasons for this are unclear. One likely explanation is that parents
may select for high-volume centers after their initial hospitalization,
provided they do not need to return on an urgent basis. This would
have the effect of seemingly increasing the number of children who
make it to elective interval appendectomy. Alternatively, high volume
centersmay bemore skilled at selectingwhich children can be effective-
ly relegated to late surgery. Regardless, the difference between hospital
volume and practice pattern warrants further investigation.
Please cite this article as: Saluja S, et al, Early versus late surgical managem
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In our study, patients with peritoneal abscess comprised a much
large percentage of the late surgery group than the early surgery
group. This may present a confounder — i.e. patients undergoing late
surgery do worse because they are more likely to be patients with ab-
scess. However, our findings of increased complications in the late sur-
gery group persisted when examining patients with generalized
peritonitis and patients with peritoneal abscess separately.

Among complications we evaluated, wound infection and other in-
fection were the only outcomes with a higher complication rate in the
early appendectomy group. A similar finding of greater wound compli-
cations was also seen in a meta-analysis which included adult patients
[7]. In our study, children undergoing early appendectomy were signif-
icantly more likely to have an open operation. Given the lower risk of
wound infection for laparoscopic appendectomy [18] and the increasing
uptake of laparoscopic surgery in pediatric cases [19], we believe that
this finding will not persist as laparoscopy continues to displace open
surgical approaches.

In addition to our primary outcome,we identified sociodemographic
factors that were associated with significant differences in care. We
note, for example, that Black children and children on Medicaid were
more likely to be treated with late appendectomy and, within the late
group, more likely to require urgent operation — i.e. the groups with
worst outcomes. We believe that these findings warrant further studies
on issues surrounding health care access and delivery that may drive
these disparities.

Our study was limited by its reliance on administrative data. By
using ICD-9 codes for “acute appendicitis with generalized peritonitis”
and “acute appendicitis with peritoneal abscess” we were selecting for
patients in which the surgeon deemed the patient to have a more com-
plicated course of appendicitis. These codes are subject to bias by the
coding physician and do not allow for further differentiation between
degree of disease severity— e.g. the extent of or number of abscessed vi-
sualized on the CT scan. Nevertheless, while reliance on administrative
data is limiting, these codes have previously been used to categorize pa-
tients with complicated appendicitis in population level studies [20,21].
The retrospective nature of our study was additionally limiting, namely
it introduces a substantial possibility of selection bias. There remained
the possibility that patients treated with late appendectomy were sys-
tematically different – i.e. sicker – than those treated with early appen-
dectomy and there might be a residual confounding after adjusting for
identified conditions and comorbidities. Additionally, the database did
not have information on interventional radiology procedures for all
years and omitted certain patient-specific variables such as operating
time and time to feeding, as mentioned earlier. To overcome these lim-
itations, we utilize subgroup analysis to determine which specific
groups of late operation were driving the correlation with worse out-
comes. Finally, our choice of two days to define early appendectomy is
arbitrary and other studies have used 12 or 24 h [22,23]. However, a
sensitivity analysis in which the cutoff for early appendectomy was
one day showed broadly the same results as those presented in our
main analysis.

5. Conclusion

This study is the first population-based, longitudinal analysis com-
paring early appendectomy to delayed surgery.We found continued ev-
idence to support immediate operation in children with complicated
appendicitis, whether they present with or without abscess. While we
found a higher rate of wound infections in the group undergoing early
surgery, patients undergoing early surgery had lower overall complica-
tions, hospital days and costs of care at one year of follow-up.While de-
bate about the gold standard for management of complicated
appendicitis is likely to continue, we believe that this study demon-
strates continued evidence favoring early management.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2017.09.012.
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