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Background/purpose: Though evidence-based clinical pathways for the diagnosis and treatment of pediatric
appendicitis have been established, protocols guiding management of percutaneous abscess drains are lacking.
We hypothesized a drain management protocol utilizing drain output and clinical factors instead of fluoroscopic
drain studies would reduce interventional radiologic procedures without adversely impacting clinical outcomes.
Methods: A standardized protocol was uniformly adopted at a tertiary-care children's hospital in April 2016. A
retrospective chart review included all cases of appendicitis requiring abscess drainage by interventional radiology
three years pre- and postprotocol implementation.
Results: Fifty-eight patients (preprotocol = 39, postprotocol = 19) underwent percutaneous abscess drainage, of

whom52 (preprotocol=34, postprotocol=18) required a drain. Baseline demographics and clinical presentation
were similar across groups. Following protocol implementation, total number of IR procedures decreased from 2.4
to 1.3 per patient (p = 0.004). There was no significant difference in the number of postprocedure diagnostic
imaging studies, readmissions, or inpatient days, and there was a trend towards a decrease in number of drain
days (10.7 to 5.7, p = 0.067).
Conclusion: A standardized protocol for management of abscess drains for complicated appendicitis reduced the
number of IR procedureswithout a negative impact on clinical outcomes or increase in alternative imaging studies.
This approach may decrease radiation exposure, anesthetic administration, and resource utilization.
Type of study: Treatment study (retrospective comparative study).
Level of evidence: Level III.

© 2020 Elsevier Inc. All rights reserved.
Complicated appendicitis is a common presentation of appendicitis
in children, and is associated with a three-fold increase in length of
stay and readmission rates, as well as nearly double the costs when
compared to nonperforated appendicitis [1]. Despite its frequency, sig-
nificant practice variation exists in clinicalmanagement [1–3]. However,
clinical practice guidelines which standardize the approach to clinical
management, including timing of appendectomy, abscess drainage,
and antibiotic coverage, can reduce resource utilization without an
adverse effect on clinical outcomes [4–7].

Image-guided percutaneous drainage with or without drain
placement is an established therapeutic option for management of
simple intraabdominal and pelvic abscesses [8–11], including in a
pediatric population [12,13]. Clinical outcomes are improved with
protocolized pathway for drain
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abscess drainage in addition to antibiotic use in treatment of
abscesses in the setting of pediatric appendicitis [14]. Thus, percuta-
neous abscess drainage by interventional radiologists is typically
included in standardized management pathways for complicated
appendicitis [5–7].

Despite the incorporation of indications for percutaneous abscess
drainage into practice guidelines, to our knowledge protocols for
management of abscess drains do not exist. In an adult population
with intraabdominal or pelvic abscesses, repeat imaging such as CT
scan or drain checks under fluoroscopy are often employed to assess
for persistence of abscess cavity [15,16]. Alternative approaches to
drain removal include monitoring for clinical signs of improvement
(e.g. normothermia for >48 h) and removal after a decrease in
drain output, typically defined as less than 10–20 cc/day [13]. Unfor-
tunately, evidence guiding this approach is lacking; indeed, the
American College of Radiology practice guidelines regarding percu-
taneous abscess drain placement do not address the question
of proper timing of drain removal [17]. One retrospective analysis
in adults suggested that a sinogram may reduce the risk of abscess
recurrence [18]. A second study in adults with intraabdominal ab-
scesses of diverse etiologies demonstrated that the majority (23/26) of
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patients with postappendectomy abscesses had full abscess resolution
on initial imaging, suggesting that imaging may not be indicated as it
is unlikely to change drain management [19].

In our institution, we adopted a standardized approach to drain
management in the children with complicated appendicitis treated
with percutaneous abscess drainage by interventional radiology. We
hypothesized that protocol implementation would reduce the number
of interventional radiology procedures without an adverse effect on
clinical outcomes in this cohort.
1. Materials and methods

This study was conducted as part of the quality improvement pro-
cess, and with approval from the institutional human investigations
committee (HIC) (#2000026650).
1.1. Study population

All children younger than 18 years of age with perforated appendici-
tis who presented to the division of pediatric surgery at an academic
medical center with 5 board certified attending pediatric surgeons
between April 2013 and August 2019 and required percutaneous
abscess drainage were included in the study. Patients who underwent
upfront appendectomy and developed an abscess postoperatively, as
well as patients who presented with an abscess and underwent initial
drainage followed by interval appendectomy, were included in the
study. The decision to undergo upfront versus interval appendectomy
was at the discretion of the attending surgeon and was made based on
duration of symptoms and the presence or absence of an abscess collec-
tion at the time of presentation. The patient population included both
children who had a drain left in place and those who had percutaneous
abscess drainage without drain placement at the discretion of the inter-
ventional radiologist. Not all patients had a drain placed within the
initial hospitalization.
1.2. Protocol adoption

A standardized protocol for drain removal was developed collabora-
tively between the divisions of pediatric surgery and interventional
radiology and uniformly adopted by both groups in April 2016. The
protocol advocated for drain removal if the patient was afebrile and
clinically well following 48 h with less than 20 cc per day drain out-
put (Fig. 1).
1.3. Data collection

Demographic, surgical and interventional radiological data were
extracted from the institutional electronic medical record. Data were
collected on number and type of interventional radiology procedures
related to abscess drainage as well as diagnostic ultrasound and CT
studies obtained after abscess drainage. Clinical outcome variables
included total hospital length of stay, total number of days with a
drain in place, and readmissions and ED visits within 90 days of percu-
taneous abscess drainage.
1.4. Statistical analysis

Dichotomous measures were assessed with χ2 test. For continuous
variables, a t-test was used when data were normally distributed.
When data were not normally distributed, the Wilcoxon rank sum test
was used. All tests were 2-tailed using the cutoff of p value less than
0.05 for statistical significance. All analyses were conducted using
Stata/IC 13.1 (StataCorp).
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2. Results

2.1. Baseline population characteristics

58 patients (39 preprotocol, 19 postprotocol) who had interven-
tional radiology procedures for percutaneous drainage and appendiceal
abscess were identified. Preprotocol and postprotocol groups were
similar in terms of demographics as well as white blood cell (WBC)
count and duration of symptoms at presentation (Table 1). Thirteen of
39 patients (33.3%) in the preprotocol group underwent upfront appen-
dectomy versus 9 of 19 (47.4%) in the postprotocol group (p = 0.301).
In 34 patients in the preprotocol group (87.2%) an interventional radiol-
ogist left a drain in place, compared to 18 (94.7%) in the postprotocol
group; the remaining children underwent aspiration without drain
placement. In the preprotocol group, 47% of patients had their drains
removed in the outpatient setting (clinic or IR). Postprotocol, 22% of
patients had their drains removed in the outpatient setting.

2.2. IR procedures and diagnostic studies

Following implementation of the drain removal protocol, the number
of IR procedures per patient decreased from 2.4 preprotocol to 1.3
postprotocol (p = 0.004) (Table 2). The largest decrease was seen in
CT-guided procedures (0.7 to 0.2 per patient, p = 0.001); a trend
towards fewer fluoroscopic-guided procedures was also noted (1.5 to
0.7 per patient, p = 0.067). The number of ultrasound-guided proce-
dures showed a trend towards increasing (0.1 to 0.3 per patient, p =
0.09). There was no change in the number of postprocedure diagnostic
ultrasounds (1.2 to 1.0 per patient, p = 0.356) or CT studies (0.3 to 0.3
per patient, p = 0.722).

2.3. Clinical outcomes

Among all study patients, the total number of drain days decreased
by half in the pre- versus postprotocol group, though this finding did
not reach the threshold of p < 0.05 (10.7 to 5.7 days per patient, p =
0.067) (Table 2). When patients for whom no drain was left in place
were excluded from the analysis, the decrease in drain days was statis-
tically significant (12.2 to 6.1 days per patient, p = 0.008) (Table 3).
There was no significant difference in the total number of hospital
days, readmissions, or ED visits between groups (Table 2). There were
no differences in the duration of drain days within the pre- and
postprotocol groups when comparing those who underwent upfront
versus interval appendectomy. There were no deaths in either cohort.

3. Discussion

These data demonstrate a significant decrease in interventional
radiology procedures following the implementation of a standardized
protocol for drainmanagement. Simultaneously, therewas no significant
difference in measured clinical outcomes or postprocedure diagnostic
imaging studies following protocol adoption. Adoption of this protocol
was associated with a 53.8% reduction in drain days among all patients
who underwent intervention for their appendiceal abscesses and a
49.5% reduction in drain days when patients who only required aspira-
tion were excluded from the analysis. These results are consistent with
findings from an adult population suggesting that fluoroscopic drain
checks may not be necessary to guide drain removal after appendiceal
abscesses [19]. Additionally, the risks associated with fluoroscopic drain
checks are less significant in an adult population for whom ionizing
radiation poses a lower risk and anesthetics are typically not required.

While direct measures of anesthetic exposure, radiation dose, and
cost were not obtained in this study, the reduction in IR procedures
without a concomitant increase in alternative imaging studies suggests
reduced patient exposure to ionizing radiation and anesthetics. While
the radiation associated with a fluoroscopic drain study is quite low,



Fig. 1. Protocol flowchart.
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children are more sensitive to radiation than adults [20] and effects of
radiation exposure can be cumulative [21,22]; avoiding unnecessary
drain studies represents one avenue to reduce cumulative lifetime expo-
sure. Additionally, while drain checks can often be performed with
minimal or no sedation in a compliant adult, young children may be
unable to complywith theprocedurewithout sedation. Finally, reducing
the number of fluoroscopic drain checks reduces resource utilization
and costs associated with abscess management.

This study was a retrospective analysis and thus did not control for
other changes in management that may have occurred
45
contemporaneously to protocol implementation. For example, during
this time period there were an increase in initial drain placement
under ultrasound guidance and a concomitant decrease in initial CT-
guided placement. While this is unlikely to account for changes in
drain management, this does highlight that there may have been addi-
tional practice changes in patient management that affected clinical
outcomes that were not considered as part of this analysis. Similarly,
though not statistically significant, a greater proportion of patients had
their drains removed in the outpatient setting in the preprotocol
group. It is not clear whether these patients would have met criteria

Image of Fig. 1


Table 1
Demographic and baseline clinical characteristics.

Preprotocol Postprotocol

n 39 19
Mean ± st dev p-value

Age (years) 10.3±4.3 9.9±4.2 0.72
Weight (kg) 43.4±25.4 36.3±20.8 0.35
WBC Count (×1000/μl) 16.9±5.7 17.9±7.6 0.59

N (%) p-value
Sex Male 24 (61.5) 8 (42.1) 0.16

Female 15 (38.5) 11 (57.9)
Ethnicity Hispanic 11 (28.2) 5 (26.3)

Non-Hispanic 28 (71.8) 14 (73.7)
Race White 19 (48.7) 14 (73.7) 0.29

Black 5 (12.8) 1 (5.3)
Asian 2 (5.1) 0 (0)
Other 13 (33.3) 4 (21.1)

Payer status Medicaid 19 (48.7) 7 (36.8) 0.50
Private 19 (48.7) 12 (63.2)
Other 1 (2.6) 0 (0)

Duration of symptoms ≤48 h 8 (20.5) 2 (10.5) 0.35
>48 h 31 (79.5) 17 (89.5)

Diagnostic ultrasound Ultrasound 31 (79.5) 4 (21.1) 0.96
No ultrasound 8 (20.5) 15 (78.9)

Diagnostic CT CT 28 (71.8) 14 (73.7) 0.88
No CT 11 (28.2) 5 (26.3)

Perforation on imaging No 4 (10.3) 4 (21.1) 0.38
Microperforation 4 (10.3) 0 (0)
Perforation 7 (17.9) 3 (15.9)
Abscess 24 (61.5) 12 (63.2)

Timing of appendectomy Upfront 13 (33.3) 9 (47.4) 0.30
Interval 26 (66.7) 10 (52.6)

Drainage type Drain 34 (87.2) 18 (94.7) 0.38
No drain 5 (12.8) 1 (5.3)

Location of drain removal Inpatient 18 (52.9) 14 (77.8) 0.13
Outpatient 16 (47.1) 4 (22.2)

Table 2
Clinical outcomes.

Preprotocol Postprotocol

#/patient ± st dev p-value

Total IR procedures 2.4±1.6 1.3±0.5 0.004
CT-guided procedures 0.7±0.5 0.2±0.2 0.001
Fluoroscopic-guided procedures 1.5±1.5 0.7±0.7 0.067
Ultrasound-guided procedures 0.1±0.3 0.3±0.5 0.09
Diagnostic ultrasound 1.2±0.4 1.1±1.6 0.36
Diagnostic CT 0.3±0.5 0.3±0.6 0.72
Drain days 10.7±9.5 5.7±3.9 0.067
Hospital days 9.6±4.9 9.8±4.8 0.8
# Readmissions 0.5±0.5 0.3±0.5 0.24
# ED visits 0.6±0.7 0.5±0.7 0.58
90-day mortality 0 0 1

Table 3
Clinical outcomes, excluding aspirations.

Preprotocol Postprotocol

n 34 18 p-value
#/patient ± st dev

Total IR procedures 2.6±1.6 1.3±0.5 0.001
Drain days 12.2±9.3 6.1±3.7 0.008
Hospital days 9.9±4.9 10.1±4.8 0.77
# Readmissions after IR procedure 0.5±0.7 0.3±0.7 0.28
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for drain removal as an inpatient under the protocol, but this likely con-
tributed to the greater number of drain days.

Additionally, while this study includes six years of data from our
institution, the overall cohort of patients with appendicitis complicated
by abscess formation is still relatively small. Thus, it is possible that there
are changes in clinical outcomes after protocol implementation that our
study was not adequately powered to demonstrate.

4. Conclusion

The results of this study suggest that a standardized protocol for
management of percutaneous drains placed by interventional radiology
can effectively reduce the number of interventional radiology proce-
dures children receive without an adverse effect on clinical outcomes.
Thus, physicians may consider incorporating similar drain management
protocols into existing clinical practice guidelines for complicated
pediatric appendicitis. More research is needed to evaluate optimal
drain management for intraabdominal abscesses in other populations.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2020.09.050.
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