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Abstract

Purpose Postoperative abscesses after perforated appen-
dicitis have no clear risk factors or indications for percu-
taneous drainage. Our study addressed these two issues.
Methods A logistic regression model was used to delin-
eate risk factors for postoperative abscess in children with
perforated appendicitis treated during a recent 5-year per-
iod. Drainage of abscess was compared to antibiotic
treatment.

Results  Postoperative abscess occurred in 42 (14.8 %) of
284 patients. Higher WBC count, presence of bowel
obstruction at presentation, diffuse peritonitis with a domi-
nant abscess at surgery, and one specific surgeon were sig-
nificantly associated with postoperative abscess, while fever
or pain requiring narcotics at the time of abscess diagnosis
was significantly associated with drainage. Compared to
non-drainage, those drained had longer hospital stay
including readmissions (15.9 £ 5.3 vs. 12.2 + 4.6 days,
p < 0.005) and less readmissions (9.5 vs. 33.3 %, p = 0.06).
Over the 5-year period, there was no increased trend in
abscess occurrence (p = 0.56), but there was an increased
trend in the use of percutaneous drainage (p = 0.02).
Conclusions The risk of a postoperative abscess can be
predicted by specific clinical characteristics, surgical findings,
and treatment-related factors. Percutaneous drainage was
associated with longer hospital stays, but less readmissions.
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Introduction

Appendicitis is the most common acute surgical illness in
children and adults, and one of the most frequent conditions
treated by pediatric surgeons. The most important deter-
minant of appendicitis outcomes is the stage of disease at
presentation. Perforated appendicitis is associated with a
significantly longer hospital stay, morbidity, and compli-
cations. Large population studies in the USA and Canada
have shown that approximately one-quarter of children will
present with perforation [1]. Significant variability in care
for these children exists between institutions, and even
between surgeons within a single institution [2].
Postoperative intra-abdominal abscess is the most
common complication of perforated appendicitis and
remains a significant problem, ranging in incidence from 3
to 25 % in most large series published since the turn of the
century [2-9]. Fike et al. have recently shown that the
occurrence of an intra-abdominal abscess doubles the
hospital stay and cost of perforated appendicitis [6]. Yet,
there is little, if any, consensus regarding the risk factors
for intra-abdominal abscess, or the management of this
complication. Our study aimed to address these two issues.

Methods
Patient population

The inpatient and outpatient medical records of all children
treated for perforated appendicitis during a recent 5-year
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period, November 1, 2008—August 31, 2013, were retro-
spectively reviewed. All patients were treated according to
a previously published clinical pathway [2, 4]. In summary,
patients received preoperative antibiotics and were con-
tinued on postoperative antibiotics until resolution of ileus,
fever (temperature < 37.5 °C), and leukocytosis. Intraop-
erative cultures were not sent, and patients were treated
empirically with ampicillin, gentamicin or tobramycin, and
metronidazole. When symptoms persisted 5-7 days after
appendectomy, the patient underwent imaging with ultra-
sound. The diagnosis of postoperative abscess was made in
the context of the ultrasound results and the patient’s
symptoms. The attending surgeon decided if a drainage
procedure was indicated in consultation with the attending
interventional radiologist. Follow-up occurred 2 weeks
after discharge and further if needed.

Data collection

Data were collected on all patients in four categories.

1. Patient demographics and operating surgeon.

2. Presentation and workup: this included presenting
symptoms and duration, physical findings, laboratory
results, and imaging results.

3. Operative approach (laparoscopic or open) and find-
ings classified as:

a. localized peritonitis
abscess;

diffuse peritonitis—no dominant abscess;
diffuse peritonitis + > 1 dominant abscess;
no diffuse peritonitis—contained abscess;
any of the above with free fecalith.

(early perforation)—no

oo o

4. Outcomes: hospital stay, wound infection, intra-abdom-
inal infection, and other significant complications.

Additional data were collected on patients who devel-
oped intra-abdominal abscesses. These included symptoms
at the time of diagnosis of abscess, radiologic findings
(single abscess, multiple abscesses, or one or more fluid
collections without enhancing rim), basis of decision to
drain (if done), duration of drainage, drain-associated
complications, duration between drainage or continuation
of antibiotics only and discharge, total number of imaging
modalities used, and any other pertinent details.

Statistical analysis

The study population was divided into two subgroups:
patient with and without postoperative abscess. Twelve
potential determinants of postoperative abscess occurrence
[age, year of treatment (2009-2013), gender, attending
surgeon, symptom duration, transfer from another
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institution, bowel obstruction or severe ileus at presenta-
tion, white blood cell count, % neutrophils, operative
duration, surgical approach, and operative findings (a—e as
described above)] were tabulated in frequencies (for cat-
egorical factors) for all subjects and for each of the two
subgroups, or were presented using summary statistics (n,
median, mean, standard deviation, range) for all subjects
and for each of the two subgroups. Chi-square test (for
categorical variables) or Wilcoxon rank sum test (for
continuous variables) was performed to assess homoge-
neity of relevant factors between the two subgroups.
Multivariable logistic regression analysis was performed
to examine the association of the candidate factors,
selected from univariate analysis with postoperative
abscess.

Patients who developed an abscess or symptomatic fluid
collection were divided into two subpopulations: those
treated with prolonged antibiotics alone or those treated
with antibiotics and a drainage procedure. We first assessed
homogeneity of relevant factors/outcomes between the two
subpopulations following the same approach used for
analysis of postoperative abscess. Multivariable logistic
regression analysis was employed to examine the associa-
tion of relevant factors with treatment (prolonged antibi-
otics alone or drainage).

The Cochran—Armitage trend test was used to examine
for trends in abscess incidence and interventional radiology
drainage over the 5-year period.

Continuous variables are reported as mean =+ standard
deviation, unless specifically mentioned. All analyses were
performed using SAS 9.3 (SAS Institute, Cary NC). A
p value < 0.05 was considered to be statistically
significant.

Study approval

The study was approved by the Pediatric Research Ethics
Board of the McGill University Health Centre Research
Institute (13-294-PED).

Results
Patient cohort

During the study period, 1,145 appendectomies were per-
formed for a preoperative diagnosis of acute appendicitis.
These included 297 patients with perforated appendicitis, a
perforation rate of 26 %. Thirteen patients were treated
with a primary nonoperative approach and were excluded,
leaving a study cohort of 284 patients. Patient with gan-
grenous, non-perforated, appendicitis were not included in
the study since they have a different clinical trajectory [10].
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The mean age was 10.0 £ 3.9 years. Males comprised
63 %. The patients were operated by six surgeons. With the
exception of one part-time surgeon who performed nine
appendectomies, the volume of the other five surgeons was
in a close range, 44—65. A preoperative ultrasound was
performed in 62.6 % of patients. It was positive in 64.5 %,
negative in 12.9 %, and indeterminate in 22.5 %. Preop-
erative CT scans were done in only 7 % of patients and
were all positive. The surgical approach was laparoscopic
in 231 cases (81 %), open in 44 cases (15 %), and lapa-
roscopic converted to open in 10 cases (4 %). Eight of the
ten conversions were by a single surgeon. Four wound
infections were documented (1.4 %). Eleven patients
(3.9 %) experienced non-infectious major complications,
including adhesive small bowel obstruction in 5, prolonged
ileus in 3, cardiac arrhythmia in 2, and gangrenous bowel
and wound dehiscence in 1. Initial hospital stay was
7.0 £ 4.3 days. Twenty-one patients (7.4 %) were read-
mitted for 3.5 £ 2.5 days.

Follow-up after discharge was documented in 271 cases
(95.4 %) at a median of 14 days and range of 2-361 days.

Determinants of postoperative abscess

A postoperative abscess was diagnosed in 42 patients
(14.8 %) at a median of 8 days after appendectomy (range
5-14 days). Ultrasound was the diagnostic modality in all
but three patients, who underwent CT scan. Compared to
patients without an abscess, those with an abscess had
significantly higher incidences of wound infection (4.8 vs.
0.8 %, p = 0.046), non-infectious major complications
(11.9 vs. 2.5 %, p = 0.003), and readmissions (26.2 vs.
3.7 %, p < 0.001). Patients with an abscess also had sig-
nificantly longer initial hospital stays (13.2 & 5.7 vs.
5.9 £ 2.8 days, p <0.001) and total hospital stays
including readmissions (14.1 &= 5.3 vs. 6.0 & 3.0 days,
p < 0.001).

Univariate analysis of the 12 potential predictors of
abscess occurrence is shown in Table 1. Patients who
developed postoperative abscess had longer symptom
duration, higher prevalence of bowel obstruction or severe
ileus at presentation, longer operative duration, a higher
prevalence of diffuse peritonitis with dominant abscess at
initial surgery, and a higher incidence of free fecalith at
initial surgery. Incidence of postoperative abscess by
attending surgeon varied from 9.1 to 24.1 %, but was not
statistically significant on univariate analysis (p = 0.17).

Multivariate analyses showed that higher WBC count
[OR = 1.08, 95 % CI 1.01-1.16), p = 0.02], presence of
bowel obstruction or severe ileus at presentation [OR = 6.0,
95 % CI 2.2-20.0, p = 0.001], and one specific surgeon
[OR = 5.5,95 % CI11.2-23.9), p = 0.02] were significantly
associated with postoperative abscess occurrence.

Table 1 Univariate analysis of potential predictors of abscess
occurrence

Variable Abscess No abscess p

N 42 242

Age (years) 11.0 £43 104 £ 3.8 0.31

Gender (% male) 59.5 64.0 0.57

Symptom duration (days) 40 £22 3027 <0.001

Transfer from another 19.0 20.7 0.81
facility (%)

Bowel obstruction or severe 23.8 7.4 0.001
ileus @ presentation (%)

WBC count (1,000/ul) 199 £68 173 +53 0.06

Operative duration (minutes)  76.9 4+ 36.7 63.9 +23.8  0.04

Surgical approach (% 88.1 79.8 0.44
laparoscopic)

Diffuse peritonitis with 19.0 7.9 0.02
dominant abscess
at surgery (%)

Free fecalith at surgery (%) 35.7 14.0 0.001

Comparison of drainage to antibiotics alone

Twenty-one of 42 patients with abscess (50 %) underwent
drainage. Nineteen of those (90.5 %) underwent image-
guided percutaneous drainage by interventional radiology
and 2 underwent operative drainage. The comparison of
patient characteristics, imaging findings, and outcomes
between the drainage and non-drainage groups is shown in
Table 2. Treatment failure was identified when a sub-
sequent procedure was required. Of patients initially trea-
ted with antibiotics alone, 18 (85.7 %) were discharged
without further interventions, 2 (9.5 %) proceeded to per-
cutaneous drainage, and 1 (4.8 %) proceeded to operative
drainage. Of patients who underwent initial percutaneous
drainage, one (4.8 %) required subsequent operative
drainage. All four patients who underwent operative
drainage required no further interventions.

Multivariate analysis showed that only persistent fever
[OR = 25.4, 95 % CI 1.4-454.0, p value = 0.03] and pain
requiring narcotics at the time of abscess diagnosis
[OR =128, 95 % CI 1.2-37.4, p value = 0.03] were
significantly associated with the use of drainage. All the
differences in imaging findings that were significant on
univariate analysis were no longer significant on multi-
variate analysis.

Study of trends
Over the 5-year period, the rates of postoperative abscess
varied from a low of 10.3 % in 2011 to a high of 21.9 % in

2013, with no significant trend in abscess incidence
(p = 0.56). The rate of abscess drainage varied from a low
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Table 2 Comparison of patients who underwent drainage to those
who did not

Variable Drainage No drainage p
N 21 21
Patient characteristics
Age (years) 12.8 £ 3.5 93+ 44 0.01
Fever at the time of 100 66.7 0.004
abscess diagnosis (%)
Ileus at the time of 47.6 333 0.35
abscess diagnosis (%)
Diarrhea at the time of 9.5 19.0 0.38
abscess diagnosis (%)
Pain requiring narcotics at  81.0 28.6 0.001

the time of abscess
diagnosis (%)
Imaging findings
Incidence of single 14.3 429 0.03
abscess (%)

Diameter of largest 83+ 1.8 55+£23 0.001
abscess (cm)

Total volume of all 3164 £+ 232.6 543 +£65.0 <0.001
abscesses (ml)

Distended bowel on 333 333 1.00
imaging (%)

Fecalith on imaging (%)  33.3 9.5 0.06

Outcomes

Duration between abscess 8.4 4 4.2 5.6 £43 0.005
diagnosis and discharge
(days)

Initial hospital stay (days) 15.6 £ 5.1 11.1 £5.2 0.003

Total hospital stay 159 + 54 122 + 4.6 0.01
including readmissions
(days)

Readmissions (%) 9.5 333 0.06

of 18.1 % in 2009 to a high of 71.4 % in 2013, demon-
strating increased trend in the use of percutaneous drainage
(p = 0.02).

Discussion

Our surgical group has been interested in the outcomes
of pediatric appendicitis for the past quarter century and
has helped create clinical pathways and standards for
treatment of this common disease [2, 4, 10-15]. Our
rates of postoperative abscesses after perforated appen-
dicitis have been consistently below 10 %, quite favor-
able when compared to published standards [3-9, 11,
14]. Recently, we noticed an increase in this complica-
tion, as well as a higher incidence of drainage of such
abscesses by interventional radiology. This led to the
present analysis.
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We found that the abscess rate in our practice has nearly
doubled compared to a decade previously, offering the first
lesson from this study [11]. Clinical pathways have to be
regularly monitored and audited to confirm continued
validity and effectiveness. Despite this increase in abscess
rate, average initial hospital stay for all perforated patients
remained stable at approximately 7 days. This was proba-
bly due to increased discharge of selected patients who
have persistent leukocytosis, but no ileus or fever, on oral
antibiotics.

Associations with abscess recurrence on univariate
analysis included mostly patient factors such as symptom
duration, a clinical picture of bowel obstruction on pre-
sentation, diffuse peritonitis with abscess found at surgery,
and a free fecalith found at surgery. Bowel obstruction
persisted in the multivariate analysis. Some of these find-
ings were also seen in the few previous studies that looked
at the same issue of abscess determinants. We have pre-
viously highlighted the role of a retained fecalith in abscess
formation and persistence, a concept also described in the
radiology literature [4, 16]. In a multi-institutional study,
Henry et al. found that a fecalith and diarrhea at presen-
tation (often a harbinger of a pelvic abscess) were associ-
ated with postoperative abscess [5]. Using data from
several clinical trials, Fike et al. also found that diarrhea at
presentation and the presence of a fecalith were associated
with a higher chance of postoperative abscess [6]. Retrieval
of a fecalith seen either on preoperative imaging or dis-
covered during operation is therefore of paramount
importance in abscess prevention. A higher body mass
index was also a risk factor [6].

In our study, a longer surgical time was associated with
abscess formation. This is likely a surrogate for a more
difficult operation. Most interestingly, we found that one of
the six surgeons had a significantly higher rate of abscess
formation on the multivariate analysis that adjusted for
other risk factors. This surgeon actually had the third
highest volume of perforated appendicitis in the group of
six. Therefore, there may be a role for technical modifi-
cations in reducing abscess formation.

Multiple other therapeutic attempts have been made to
decrease postoperative abscess formation in perforated
appendicitis patients. Unfortunately, almost none of these
have proven effective. Placement of drains at operation, a
component of early protocols, has actually been shown to
increase abscess formation and other complications in
multiple studies and has been essentially abandoned [17,
18]. Prolonged antibiotic treatment after resolution of
symptoms, insistence on a minimal duration of antibiotics,
or using one antibiotic regimen versus another are all
ineffective [3, 6, 19]. We have always stopped antibiotics
according to clinical criteria, without any minimum treat-
ment periods. The reported higher rates of abscess
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formation after laparoscopic appendectomy have been
contradicted by recent series and probably reflected a
learning curve in the early experience [8, 14]. Population-
based studies have shown a steady increase in the use of
laparoscopic approach for both simple and perforated
appendicitis [20].

Irrigation of the abdominal cavity, a long-held surgical
dictum, has not proven effective in a recent clinical trial of
irrigation versus suction alone, in which both study arms
had abscess rates of approximately 19 % [7]. Tailoring
antibiotic regimens to intraoperative cultures has not been
associated with improved outcomes or decreased abscess
formation, leading most investigators to abandon the prac-
tice [21-24]. With few exceptions (e.g., immunocompro-
mised patient, child already taking antibiotics), our service
stopped culturing pus from perforated appendicitis in the
mid 1990s. Fallon has recently challenged this practice,
showing significant emergence of organisms such as
Pseudomonas, Enterococcus, and Escherichia coli resistant
to the typical antibiotic regimens [9]. However, the abscess
rate was similar in the cohorts studied before and after
routine cultures were sent, and no resistant organisms were
cultured from drained abscesses [9]. Nevertheless, the
authors felt that tailoring antibiotic therapy may be of
benefit in reducing postoperative abscesses in their future
experience [9]. One should remember that the data arguing
against routine cultures comes mostly from studies
10-20 years old [21-24]. However, recently published
guidelines by the Surgical Infection Society for diagnosis
and treatment of complicated intra-abdominal infection in
children support response-guided antibiotic treatment,
rather than tailoring treatment to cultures, as well as limit-
ing the duration to 7 days in patients whose peritonitis has
resolved [25].

Ein et al. investigated a potential role for routine
imaging on the fifth postoperative day in predicting abscess
after appendectomy, but found that radiologic findings
were only useful if they correlated with clinical symptoms
[26]. This is an important concept, since fluid collections
after appendectomy are not unusual. Early imaging may
lead to unnecessary interventions. Decisions to treat the
patient for an abscess complication have to interpret
imaging in the clinical context.

One of the few interventions that have been shown to be
of benefit is the enactment of clinical pathways for treat-
ment of perforated appendicitis, a practice recommended
by the Surgical Infection Society [2—4, 25]. These path-
ways prevent variability in care within a single institution
and between institutions and allow for outcome evaluation
and improvement.

The second aim of our study was to compare the cohort
of patients treated with antibiotics alone to those who
underwent drainage. This was strictly an observational

goal, as the decision to drain was left completely to the
attending surgeon and was not guided by any specific
protocol or radiologic findings. Drainage increased mark-
edly in our institution over the past 5 years, as pediatric
interventional radiology became increasingly available.
Not surprisingly, patients who underwent drainage were
more symptomatic, with a higher percentage having per-
sistent pain and fever. The differences in abscess size and
total volume between drained and non-drained patients did
not persist on multivariate analysis, possibly due to the
small sample size. Drainage was associated with prolonged
initial hospital stay, but less readmissions. However, most
patients readmitted after antibiotic treatment alone had
very short hospital stays of 1-2 days. All patients recov-
ered completely after either treatment modality.

One of the earliest publications on drainage of postop-
erative abscess by interventional radiology techniques
came from the Hospital for Sick Children in Toronto, a
leader in pediatric interventional radiology [27]. This early
series established the feasibility and safety of these pro-
cedures, reporting a success rate of 91 % and complication
rate of 2 % [27]. However, in the last 20 years, a plethora
of reports encouraged the practice of treating postoperative
abscesses with antibiotics only without drainage proce-
dures, reporting success rates of 80-90 % [28-33].
Unfortunately, all these reports constituted extremely low
level evidence, as they were all observational studies with
few patients, no attempts to control for abscess size or
symptoms, and frequently poor reporting of overall out-
comes. In addition, the duration to abscess resolution was
frequently long, reported to be a median of 18.5 days with
a range of 7-60 days in one study [30]. Recent analyses
similar to ours have yielded similar results, showing longer
hospital stays, but less readmission after drainage proce-
dures [34, 35]. Using volume measurements, it has been
suggested that draining an abscess measuring less than
20-100 ml may not incur any additional benefits [34, 35].
However, these data again come from uncontrolled retro-
spective studies. The question of whether antibiotics alone
versus drainage procedures are most effective for postop-
erative abscesses begs for a multi-center randomized trial
that starts with a clear definition of what constitutes an
abscess, a definition lacking from the most recent Surgical
Infection Society recommendations [25].

We plan to use the data presented here for two purposes.
First, we will make modifications to our clinical pathway to
standardize the operative procedure including retrieval of
fecaliths, revert to sending intraoperative cultures to study
the current flora of perforated appendicitis in our commu-
nity, and change antibiotic regimens in specific circum-
stances. We will prospectively audit our modified protocol
with the aim of reducing our abscess rate by 50 %. Second,
we will create standard timelines for imaging patients who
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remain symptomatic, work with our radiologists to create
standard definitions and measurements of postoperative
abscesses, and use specific criteria to choose drainage
versus antibiotic treatment only. We hope to report our
future experience with the aim of aiding pediatric surgeons
in using these modalities to optimize outcomes.
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