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Background: Variation exists for postoperative antibiotics in children with complicated appendicitis. We
investigated the impact of white blood count (WBC) at discharge on oral antibiotic therapy, abscess rate,
and readmission rate.

Material/Methods: We conducted a two year review of children with complicated appendicitis. In the
pre-protocol group, total antibiotic therapy was ten days (IV and oral) and home oral antibiotics at
discharge. In the post-protocol group, children with leukocytosis were prescribed oral antibiotics to
complete seven days of total antibiotic therapy and children without leukocytosis were not prescribed
oral home antibiotics.

Results: There was no difference between mean hospital days after operation (3.52 vs. 3.24, p = 0.5111),
means days of inpatient intravenous antibiotics (3.13 vs. 2.58, p = 0.5438), post-operative abscess rates
(20.7% vs. 19.6%, p = 0.9975), or readmission rate (13.4% vs. 12.4%, p = 1.000).

The post-protocol group had a shorter average total antibiotic duration (4.24 vs. 9.52 days, p < 0.001) and
were more likely to be discharged without oral antibiotics (71.1% vs 8.5%, p < 0.001).

Discussion: Limiting home antibiotics at discharge to children with leukocytosis significantly decreases
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Introduction

The lifetime incidence of appendicitis is 9% and children
younger than 15 years of age have the highest risk of complicated
appendicitis." Care in children with this disease remains highly
variable with research focusing on diagnostic imaging, timing of
operative intervention, preoperative and postoperative antibiotic
management, and discharge criteria.’~* The national readmission
rate following appendectomy for complicated appendicitis is esti-
mated to be 12.8% and the post-operative intra-abdominal abscess
rate is approximately 20%.>°

Variation exists for the administration of perioperative intra-
venous (IV) and oral antibiotics for appendicitis. Treatment
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regimens have been driven by both efficacy of the medications and
cost comparisons. Previous triple IV antibiotic regimens dosed
multiple times daily have progressed to double IV antibiotic
treatment dosed twice daily that are reliably effective.® Mono-
therapy regimens such as piperacillin/tazobactam have been found
to be equally advantageous; however, they are more expensive than
the dual antibiotic regimens.”® Our current regimen of ceftriaxone
and metronidazole dosed once daily was adopted from St Peter
et al.® Some studies support a defined length of antibiotic treatment
whereas others follow institutional clinical practice guide-
lines.%9—11 No defined consensus on treatment length exists for
the administration of oral antibiotics at home. We transitioned our
pathway in the management of complicated appendicitis to include
evaluation of a white blood cell count (WBC) when the child met
discharge criteria. The purpose of our study was to investigate the
impact of WBC at discharge on oral antibiotic therapy, abscess rate,
and readmission rate. We hypothesized that evaluation of WBC at
the time discharge criteria were met would decrease use of home
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oral antibiotics and total length of antibiotic treatment.
Materials and methods

We conducted a retrospective review of all pediatric patients
(<18 years) who underwent appendectomy at a freestanding chil-
dren's hospital from August 2014 to July 2016. Two sequential one
year groups were compared. Appendectomy was performed by one
of five pediatric surgeons in a single clinical practice. Subjects were
also excluded for a diagnosis at the time of appendectomy other
than complicated appendicitis, clinically defined as perforated or
gangrenous by the attending surgeon via review of operative notes.
Additionally, subjects were excluded if they presented with
complicated appendicitis with a well formed abscess and were
managed with initial percutaneous drainage by Interventional
Radiology (IR) and interval appendectomy.

All children received a fluid bolus and IV antibiotics (ceftriaxone
and metronidazole) pre-operatively in the emergency department.
Ceftriaxone (50 mg/kg) and metronidazole (30 mg/kg) were given
every 24h while inpatient. All patients were evaluated at least
twice daily, on morning and afternoon rounds, to determine if they
met discharge criteria. Discharge criteria included being afebrile
(<38.5°C), tolerating a diet, and pain controlled with oral medi-
cations. Prior to the protocol change all patients were discharged
home with oral antibiotics to complete 10 days of treatment. In
2015, the protocol was changed to include evaluation of the WBC at
the time of discharge. If the WBC was elevated, the patient was sent
home with oral antibiotics to complete 7 days of treatment. If the
WBC was not elevated, all antibiotics were discontinued.

Information on demographics, operative findings, length of stay,
antibiotic administration (time, type, and dose given), imaging
studies, readmissions, complications, abscess rate, and hospital
charges were collected. Length of stay was calculated from date of
admission to date of discharge. Comparisons between pre- and
post-protocol groups were made using t-tests for continuous var-
iables and chi-square tests for categorical variables. P-values less
than or equal to 0.05 indicated statistical significance.

Results

A total of 520 children with appendicitis underwent appen-
dectomy during the two year study period; 179 (34.4%) had
complicated appendicitis. 82 (46%) children were in the pre-
protocol group and 97 (54%) children were in the post-protocol
group. There were no differences in age or gender between pa-
tients in the pre- and post-protocol group (See Table 1). There was
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95% adherence to the protocol in the latter group.

There was no difference in mean days of hospitalization after
operation (3.52 vs. 3.24, p=0.5111), mean days of inpatient IV
antibiotics (3.13 vs. 2.58, p =0.5438), post-operative abscess rate
(20.7% vs. 19.6%, p=0.9975), readmission rate (13.4% vs. 12.4%,
p = 1.000), or day of readmission (7.4 vs. 7.5, p = 1.000) between the
two cohorts (See Table 1).

For the 17 patients with a postoperative abscess in the pre-
protocol group, 9 were inpatient on IV antibiotics, 7 had been dis-
charged home with PO antibiotics, and 1 had been discharged
home without PO antibiotics. Regarding abscess treatment, 7 were
treated with antibiotics alone and 10 were treated with drainage by
Interventional Radiology (IR). For the 19 patients with a post-
operative abscess in the post-protocol group, 9 were inpatient on IV
antibiotics, 7 had been discharged home with PO antibiotics, and 1
had been discharged home without PO antibiotics. Regarding ab-
scess treatment, 7 were treated with antibiotics alone and 12 were
treated with IR drainage (See Table 1).

Those in the post-protocol group were more likely to be dis-
charged without oral antibiotics (71.1% vs 8.5%, p < 0.001). The post-
protocol children who were discharged with oral antibiotics had a
shorter duration of oral therapy compared to the pre-protocol
group (5.75 vs 7.50 days, p = 0.001). The average duration of total
antibiotic therapy (IV + PO) was shorter in the post-protocol group
compared to the pre-protocol group (4.24 vs. 9.52 days, p < 0.001)
(See Table 1).

Average home oral antibiotic costs were $212.61 per patient in
the pre-protocol group vs. $20.22 per patient in the post-protocol
group.

Discussion

Complicated appendicitis is a common diagnosis in children.
Still, there is variation in preoperative and postoperative antibiotic
management.> # At our institution, tailoring antibiotic therapy
based on WBC decreased the length of treatment and number of
patients discharged with oral antibiotics while not changing the
readmission rate or abscess rate. Additionally, there was no differ-
ence in postoperative length of stay or inpatient IV antibiotic days.

Total cost of oral antibiotics per patient was 10 times greater in
the pre-protocol group than the post-protocol group. Three reasons
contribute to that cost difference. First, patients in the pre-protocol
group were prescribed home oral antibiotics to complete a ten day
course of total antibiotic treatment compared to a total of seven
days in the post-protocol group. Second, all patients were pre-
scribed oral antibiotics in the pre-protocol group (n=68) versus

Comparison of demographics, antibiotic usage, and outcomes between pre-protocol and post-protocol groups.

Pre-protocol (N =82) Post-protocol (N =97) p-value

Gender Count (%)

Male 56 (68%) 55 (56%) 0.1114

Female 26 (32%) 42 (44%)
Mean Age (years) 9.37 9.28 0.8856
Mean Days of IV abs (Days) 3.13 2.58 0.5438
Mean Post-operative days to discharge (Days + SD) 3.52 +2.63 324+ 279 0.5111
17 (20.7%) 19 (19.6%) 0.9975 17 (20.7%)
Count (%) 17 (20.7%) 19 (19.6%) 0.9975
Readmission rate
Count (%) 11 (13.4%) 12 (12.4%) 1
Total antibiotic treatment (Mean Days + SD) 9.52 + 3.62 4.24 +3.83 <0.001*
Mean days of home oral antibiotics
Mean + SD 7.50 + 2.76 (n = 68) 5.75 + 2.01 (n = 20) 0.0012*
Discharge home without antibiotics
Count (%) 7 (8.5%) 69 (71.1%) <0.001*

*Indicates p-value that is statistically significant.



P.C. Bonasso et al. / The American Journal of Surgery 217 (2019) 1099—1101 1101

only those with an elevated WBC in the post-protocol group
(n=20). Third, the pre-protocol group was prescribed two oral
antibiotics, augmentin and metronidazole, while the post-protocol
group was prescribed only one oral antibiotic, augmentin. Metro-
nidazole was no longer prescribed due to poor patient compliance
with the medication.

Previously published clinical trials have showed a postoperative
abscess rate of 20% and readmission rate of 12.5% which is similar to
our findings.>® The change in protocol did not change the need for
an IR drainage procedure.

At the free-standing children's hospital where the study was
performed, all five pediatric surgeons supported the development
and implementation of a post-operative complicated appendicitis
protocol. During the first month after the change, the team iden-
tified small inconsistencies in adherence to the protocol, mainly
obtaining a WBC at time of discharge. Although the surgical team is
in-house 24-h a day, there are inconsistencies in the level of the
providers placing orders that may have led to variation in protocol
adherence. The presence of advance practice nurses and fellows as
well as the unified support for the protocol by all surgeons led to
the successful implementation of this pathway at our hospital.

Controversy still remains over the duration of antibiotic course
in children with perforated appendicitis and studies focused on the
pediatric patient are limited.'” Other authors use a combination of
IV and oral antibiotics for a total of seven days.'> Our findings
support a combination of IV and limited oral antibiotics if the WBC
is elevated at discharge. Moreover, our study demonstrates that
treatment for a full 7 days with a normal WBC may not be neces-
sary. Interestingly, there are some reports that state oral antibiotic
use may not be necessary after an appropriate IV therapy is
completed.”® Our study patients with postoperative abscesses were
a mix of antibiotic treatments in that some had both IV and PO
antibiotics while others only had IV antibiotic treatment. Addi-
tionally, we did not find an association with abscess or readmission
rates and an elevated WBC.

As a retrospective study, the study design has limitations. Our
hospital is a tertiary referral center with a large catchment area for
the state. Readmission need for additional drainage procedures,
and abscess rate could have been missed if a child was cared for at
another facility. The effect of this is limited in our study since we are
comparing two groups where it is just as likely in either group to
seek care elsewhere.

Our results support the evaluation of a WBC at the time of
discharge for the postoperative management of complicated
appendicitis in the pediatric population as it decreased oral anti-
biotic use. Future studies will look at the effect of adding a differ-
ential to the WBC, other ways to better predict which patients will
develop a postoperative abscess, or evaluate the discontinuation of
antibiotics postoperatively in pediatric patients with perforated
appendicitis.

Conclusion

Limiting home antibiotics to children with leukocytosis at
discharge significantly decreases home antibiotic use without
increasing abscess or readmission rates.
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