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Objectives: This study evaluated the difference in appropriateness of an-
timicrobial selection in pediatric patients with febrile neutropenia (FN) af-
ter implementation of an institutional guideline, a dedicated pediatric emer-
gency medicine (EM) pharmacist, and an electronic order set.

Methods: This was a retrospective cohort study that included febrile pa-
tients aged younger than 18 years who were at risk of neutropenia, as de-
fined by our institutional algorithm. Charts were evaluated for inclusion
by searching for patients who presented to the emergency department
(ED) between February 2018 and January 2022 who had International
Classification of Diseases, Tenth Revision (ICD-10) codes for patients at
risk of FN. Three independent groups were compared before, during, and
after interventions. A historical control group (group 1), postdedicated EM
pharmacist and institutional guideline cohort (group 2), and postdedicated
EM pharmacist, institutional guideline, and electronic order set cohort
(group 3) were compared. Secondary outcomes included time from regis-
tration in the ED to administration of the first dose of empiric antimicro-
bials, days to defervescence, pediatric intensive care unit length of stay,
and hospital length of stay.

Results: Seventy-eight charts were reviewed for inclusion. Among those
included (n = 38), there was an increase in appropriate use of antimicrobials
from 71% to 92% to 100% (P = 0.1534) between group 1, group 2, and
group 3, respectively. In addition, the interventions in this study lead to
an overall decrease in the median time from registration to first dose of an-
tibiotics from 142 minutes to 72 minutes ( 2 = 0.1370).

Conclusions: This study demonstrated the positive impact a pediatric
EM pharmacist along with an institutional guideline and an electronic or-
der set have on appropriate antimicrobial selection in pediatric FN patients.
Institutions should consider multipronged approaches to improve the selec-
tion and time to administration of appropriate empiric antimicrobials
in the ED.
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BACKGROUND

Febrile neutropenia (FN) can be life-threatening, requiring
urgent medical evaluation and management in the emergency de-
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partment (ED). Pediatric oncology patients undergoing chemo-
therapy are at an increased risk of morbidity and mortality from
infectious causes secondary to reduced immunity."> The risk of
infection in patients with non—chemotherapy-induced neutropenia
can vary but is high in diseases such as severe congenital neutro-
penia and aplastic anemia.> In many cases, fever can be the only
indicator of a severe infection. Patients presenting with anticipated
profound and prolonged neutropenia (absolute neutrophil count
[ANC] < 100 cell/mm?, >7 d, respectively) after cytotoxic chemo-
therapy along with comorbid conditions or secondary high-risk
infections should be admitted to the hospital and administered em-
piric antimicrobial therapy.

The Infectious Disease Society of America recommends
that high-risk patients are started on monotherapy with an
antipseudomonal P-lactam agent.? Studies have shown that a
pharmacist-driven antimicrobial stewardship program, implemen-
tation of FN guidelines, and the use of an electronic order set have
individually increased appropriate selection of antimicrobials for
hospitalized patients.* ¢ A retrospective study assessing the im-
pact of an antimicrobial stewardship program (ASP) and a clin-
ical practice guideline demonstrated a 51% increase in the ap-
propriate use of empiric antibiotics for children hospitalized
with community-acquired pneumonia.* To reduce delays in the
diagnosis and appropriate treatment of FN, EDs have imple-
mented computerized protocols. A prospective study comparing
the appropriate use of target antibiotics before and after the imple-
mentation of a standardized hospital order set for the management
of septic shock in the ED showed a 15% increase in the adminis-
tration of appropriate antibiotic treatment.’ Furthermore, a pro-
spective study looked at the incorporation of a pharmacist into
an ASP and assessed the impact on appropriate use of target anti-
biotic for patients with FN. The correct choice of appropriate
antibiotic was 37.8% higher in the pharmacist-driven ASP group
versus the control group. These studies demonstrate the positive
impact pharmacists, institutional guidelines, and standardized
physician order sets have on improving antibiotic appropriateness
for various indications.’

Our institutional FN guideline (Fig. 1) is used for patients
with a documented fever either by history or at time of presenta-
tion to the ED, and who were presumed or known to be neutrope-
nic, on chemotherapy, or off chemotherapy for less than 1 month.
The guideline includes initial broad-spectrum antibiotic recom-
mendations, which consist of administering cefepime to all
patients with FN unless another choice is clearly indicated. The
addition of vancomycin is indicated for high-risk patients such
as those presenting with hemodynamic instability or sign and
symptoms of sepsis. The primary objective of this study was to as-
sess the impact a dedicated pediatric emergency medicine (EM)
pharmacist, implementation of an FN guideline, and an electronic
order set have on appropriate empirical antimicrobial selection in
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patients presenting to the ED with concern of FN. We hypothe-
sized that these interventions would lead to a significant increase
in the use of appropriate antimicrobials.

METHODS

This retrospective cohort study included febrile pediatric pa-
tients aged younger than 18 years who were at risk for neutropenia
and presented to the Children's Hospital of Georgia ED. Patients
were deemed at risk for neutropenia if they were currently on che-
motherapy, off chemotherapy for less than 1 month, or had a his-
tory of congenital or acquired neutropenia. Fever was defined as
temperature higher than 38.3°C or a temperature higher than
38°C sustained over a 1-hour period. Patients were included if
they presented to the ED between February 2018 and January
2022 with a condition that would make them susceptible for neu-
tropenia, as identified by International Classification of Diseases,
Tenth Revision (ICD-10) codes. Three independent groups of in-
dividuals were compared before, during, and after the interven-
tions (Fig. 2). A historical control cohort (group 1) was analyzed
between February 2018 and December 2018. A postdedicated pe-
diatric EM pharmacist and institutional guideline cohort (group 2)
was evaluated between August 2019 and March 2021, and a
postdedicated pediatric EM pharmacist and institutional guideline

plus an electronic order set cohort (group 3) was evaluated be-
tween April 2021 and January 2022.

The primary outcome assessed was the percentage of appro-
priate empiric antimicrobials administered. Secondary outcomes
included: time from registration in the ED to administration of
the first dose of empiric antimicrobials, days to defervescence, pe-
diatric intensive care unit (PICU) length of stay (LOS), and
hospital LOS. For all study patients, the following patient charac-
teristics were recorded: age, sex, body weight (kg), primary diag-
nosis contributing to neutropenia, disposition from the ED, ANC
within the previous 48 hours, initial ANC and white blood cell
count, blood pressure, temperature, heart rate, and respiratory rate
on presentation to the ED.

Group 1, group 2, and group 3 define 3 independent groups
of individuals. Thus, all statistical methods did not use repeated
measures methods. All statistical analyses were performed using
SAS 9.4 (SAS Institute, Cary, N.C.) and statistical significance
was assessed using an alpha level of 0.05. Descriptive statistics in-
clude frequencies and percentages for categorical variables, means
and SDs for continuous variable, and medians and interquartile
ranges for ordinal variables. The % test was used to examine differ-
ences in appropriate empiric antimicrobial administration between
the 3 groups. To examine whether time of administration of the first
dose of empiric antimicrobials and days to defervescence are

Guideline for Care of the Immunosuppressed Pediatric
Patient with a Fever

Febrile Patient at Risk for Neutropenia
Fever on arrival to ED or fever at home
AND either:
1) On chemotherapy or off therapy <1 month
2) History of congenital or acquired neutropenia

}

-Vital signs

Initial Rapid Assessment

-Blood cultures: aerobic/anaerobic from each lumen of central line

-If no central line, obtain peripheral blood cultures
-Urine/Wound cultures, Strep/Flu swab as indicated

¥
| Hypotension, chills, or other clinical signs of sepsis?
[ Yes | | I No I
l L1 L

Cefepime 50 mg/kg IV (max dose 2 grams)
+ Vancomycin 15 mg/kg IV
And
-Additonal supportive care as needed (fluid bolus,etc.)
-Consider: +Aminoglycoside for suspected gram negative
+Flagyl for suspected anaerobic pathogens

Has the patient had an ANC of:
>1000 within the last 12 hours
OR
>1500 within the last 24 hours?

If clinically well appearing, may wait for CBC
results to determine if patient should receive
antibiotics. When CBC returns, if ANC is <500, give

Cefepime 50 mg/kg IV
(max dose 2 grams)

Cefepime. If ANC is >500, hold antibiotics.

FIGURE 1. Institutional guideline.
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Complete Evaluation
-Full History and Physical
-CXR if indicated (respiratory signs/symptoms)
-CMP or other labs if appropriate

|

Contact Pediatric Oncology on-call Physician

call to discuss further treatment and disposition

-Once evaluation complete and CBC w/ differential resulted,
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Group 1
Historical Control
02/2018-12/2018

Group 2

Pediatric EM PharmD +
Institutional Guideline

08/2019-03/2021

Group 3

Addition of a
FN PowerPlan

04/2021-01/2022

FIGURE 2. Intervention timeline. FN indicates febrile neutropenia.

different from group 1, group 2, and group 3, Kaplan-Meier survival
curves with a log-rank test for differences between the groups was
performed. Adjustment for the multiple post hoc pairwise compar-
isons was performed using a Tukey-Kramer multiple comparison
test. To examine whether PICU LOS and hospital LOS are different
between the 3 groups, a Kruskal-Wallis test was used with a Dwass-
Steel-Critchlow-Fligner multiple comparison method. For other
continuous variables, a 1-way analysis of variance was used with
a Tukey-Kramer multiple comparison test. If assumptions to the

1-way analysis of variance were not met, a Kruskal-Wallis non-
parametric test was performed with a Dwass-Steel-Critchlow-
Fligner multiple comparison method.

RESULTS

Overall, 78 charts were reviewed. Forty patients (51.3%)
were excluded for 1 or more of the following reasons: off chemo-
therapy for more than 1 month (n = 19), no history of acquired or
congenital neutropenia (n = 15), afebrile (n = 25), and aged older

TABLE 1. Demographic and Clinical Features According to Group

Variable Group 1 n=17 Group2n=13 Group3n=8 P
Age* 10.3 (4.6) 8.1(5.9) 12.8 (5.1) 0.0226
Sex' Male 18 (64.3) 23 (71.9) 6 (42.9) 0.1695

Female 10 (35.7) 9 (28.1) 8(57.1)
Race' Black/African American 4 (14.8) 11 (34.4) 6 (42.9) 0.3936

Hispanic 13.7) 1(3.1) 0 (0)

Other 1(3.7) 1(3.1) 0 (0)

White 21(77.8) 19 (59.4) 8(57.1)
Unit transferred to” 3C-PICU 4 (14.8) 6(19.4) 4 (33.3) 0.1988

4C — General 0 (0) 4 (12.9) 0 (0)

4U - PIMCU 0(0) 1(3.2) 0 (0)

5C 23(85.2) 20 (64.5) 8 (66.7)
Weight (kg)* 32.6 (20.1-56.1) 17.7 (13.8-41.3) 52 (19.7-57.7) 0.0359
Temperature (°C)* 37.6 (0.9) 379 (1.3) 379 (1) 0.6557
SBP" 108.1 (14) 106.1 (14.2) 105.6 (18.9) 0.8940
DBP* 65.9 (12.7) 65.7 (14.7) 73.1 (14.8) 0.4147
Initial HR* 125.3 (17.1) 147.9 (26.6) 139.8 (15.9) 0.0111
Initial RR* 23.4(5.5) 279 9) 21.3 (3.8) 0.0593
ANC per laboratory result last 48 h* 0.5 (0.8) 0.1 (0.2) 0(0) 0.4526
ANC per laboratory result — chart* 24(59) 0.5(0.9) 2(2.9) 0.4890
WBC* 3.3(6.3) 1.2 (1.3) 2.7 (3.4) 0.4535
Type of empiric antimicrobial(s)’ Ceftriaxone 3(10.7) 1(3.1) 0(0) —

Vancomycin 3(10.7) 3094 1(7.1)

Cefepime 11(39.3) 12 (37.5) 8 (57.1)

Other(s) 3(10.7) 0 (0) 0 (0)

ANC, absolute neutrophil count; DBP, diastolic blood pressure; HR, heart rate; PICU, pediatric intensive care unit; PIMCU, pediatric intermediate care
unit; RR, respiratory rate; SBP, systolic blood pressure; WBC, white blood cells.

*Data are presented as mean (SD). The test statistic is the F-test from a 1-way analysis of variance.
+Data are presented as n (%). The test statistic is the X test. Indicates Fisher exact test was performed and the Fisher exact P value is presented.
{Data are presented as median (IQR). The test statistic is the Kruskal-Wallis X test.
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TABLE 2. Primary and Secondary Outcomes According to Group

Group 1 Group 2 Group 3
Variable n=17 n=13 n=3§ P
Appropriate empiric antimicrobial(s)* 12 (70.6) 12 (92.3) 8 (100) 0.1534
Time to empiric antibiotic (min) 142.2 (91.0-369.9) 81 (60.0-93.0) 72 (45.0-96.0) 0.1370
Days to defervescence’ 1.1 (0.8-1.1) 2.1 (1.1-3.1) 2.5(0.1-3.4) 0.0002
PICU LOS (d) 1.1 (0.6-6.5) 2.4 (0.7-5.6) 2.2 (0.6-9.1) 0.8984
Hospital LOS (d)* 3.7 (2.1-8.1) 10 (6.9-15.1) 44 (3.2-84) 0.0027

*Data are presented as n (%). The test statistics is the % test. Indicates Fisher exact test was performed and the Fisher exact P value is presented.
fData are presented as median (95% CI). The test statistic is the log-rank test statistic using a Kaplan-Meier survival curve analysis.
{Data are presented as median (IQR). The test statistic is the Kruskal-Wallis X test.

than 18 years (n = 6). The baseline characteristics of all patients
for each FN episode are shown in Table 1. Among those included
(n=38), there was an increase in the appropriate use of the antimi-
crobials from 71% to 92%, and then to 100% (P = 0.1534) be-
tween group 1, group 2, and group 3, respectively (Table 2). There
was no statistically significant difference in the appropriate use of
antimicrobials or time to antimicrobial administration between the
3 intervention periods. However, the mean time to antimicrobial
administration numerically improved over time: 142 minutes for
group 1, 82 minutes for group 2, and 72 minutes for group 3.
There was a statistically significant difference in days to deferves-
cence, with group 1 having significantly lower median days to de-
fervescence than the group 2 (post hoc test P = 0.0046) and group
3 (post hoc test P =0.0019) periods. There was no statistically sig-
nificant difference in PICU LOS between the intervention periods
(Table 2). A difference was found for hospital LOS, with group 1
having significantly lower median hospital LOS than group 2
(post hoc test P = 0.0035).

DISCUSSION

Previous studies have shown comparable results to our study.
Newman et al* showed a reduction in the use of the most common
inappropriate antibiotics for community-acquired pneumonia by
51% through the addition of a clinical practice guideline. Further-
more, Bailey et al” demonstrated that patients seen in the ED while
a pediatric EM pharmacist was working received appropriate first
antibiotics 93.4% of the time. Our results confirm and further val-
idate these findings.

In this study, we were able to successfully demonstrate the
impact a dedicated pediatric EM pharmacist, an institutional guideline,
and an electronic order set have on increasing appropriate antimicrobial
selection and decreasing time to first dose of antimicrobials for pe-
diatric patients with FN presenting to the pediatric ED. For the pri-
mary outcome, there was an absolute 21% increase from 71% to
92% in appropriate antimicrobial selection from group 1 to group
2. After the addition of an FN electronic order set, appropriate anti-
microbial selection reached 100%. Although a statistically signifi-
cant difference in our primary outcome was not achieved, a clini-
cally significant difference was observed. The major goal of these
3 interventions was to facilitate the selection of guideline-directed
therapy with an antipseudomonal (3-lactam agent and to reduce
the use of inappropriate antibiotics such as ceftriaxone as empiric
therapy. Ceftriaxone use decreased from 10.7% to 3.1% and then
to 0% in group 1, group 2, and group 3, respectively.

The median time to first dose of antimicrobials decreased by
61 minutes (43%) when comparing group 1 and group 2 and de-

154 | www.pec-online.com

creased by an additional 9 minutes when comparing group 2 and
group 3. The interventions made in this study lead to a 51% overall
decrease in the median time to first dose of antibiotics. This was a
noteworthy improvement because longer time to antibiotic adminis-
tration (TTA) is widely recognized as a mortality risk factor in sep-
sis and septic shock.®” Pediatric patients with FN remain at a high
risk for sepsis, with reports of mortality rates described as high as
17%.1° A prospective cohort study of 307 adult patients with FN
concluded that for every hour delay in TTA, the 28-day mortality
risk increased by 18%.° Although our study did not assess mortality
as an outcome, it can be extrapolated from previous literature that
decreasing TTA could improve patient outcomes. There was a sta-
tistically significant difference in days to defervescence and hospital
LOS, but these differences were likely due to outliers, with 1 patient
in group 3 having a fever for more than 9 days and another patient
in group 2 having a hospital LOS of 49 days.

This study has several limitations. This was a retrospective
chart review performed within a single pediatric ED at an aca-
demic medical center. The variation in staff experience and knowl-
edge of the guideline could have been limiting factors as well. The
availability of our pediatric EM pharmacist is limited to 40 hours
per week, which likely adds a barrier, when they are not present,
for prompt interventions from a pharmacist and potentially in-
creases the time from dispensing to administering antimicrobials.
In our study, we did not distinguish between hours of specific
pediatric EM pharmacist coverage versus those hours without
dedicated coverage. Most, but not all, antibiotics included in the
guideline were made available in the automated dispensing cabi-
nets located in the ED. Antibiotics not located in the automated
dispensing cabinets can contribute to a delay in time to first dose
of antimicrobials because they are prepared in the pharmacy and
then delivered to the ED. Because 2 distinct interventions—a
pediatric EM pharmacist and an institutional guideline—were
included in group 2, the percentage of observed benefit of either
intervention cannot be determined. This study had a small sample
size and did not meet power, which could have limited the ability
to see a statistically significant difference in our primary outcome.

CONCLUSIONS

This study demonstrated the positive impact a pediatric EM
pharmacist along with an institutional guideline and an electronic
order set have on appropriate antimicrobial selection in pediatric
patients with FN. These interventions not only increased appropri-
ate empiric antimicrobials in pediatric patients with FN, but also
decreased the time from patient registration to first dose of empiric
antimicrobials. These improvements, in turn, improve patient care
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by providing appropriate antimicrobial coverage in a timely manner.
Given the improvement in appropriate medication selection and
timely medication administration in patients with FN, these results
suggest that multidisciplinary involvement in the standardization
of care and enhancements to clinical decision support systems
can be applied to other disease states to improve care. Institutions
should consider the addition of a dedicated pediatric EM pharma-
cist who can facilitate a streamlined medication use process.
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