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Abstract

Young infants under the age of 60 days are at high risk
of invasive bacterial infection. Historically, several different
criteria were developed to risk stratify this population and
guide management yet since then epidemiology of invasive
bacterial infection has changed. In 2021, the American
Academy of Pediatrics released a clinical practice guideline
on the evaluation and management of well-appearing
infants aged 8 to 60 days with fever, with subcategories
8-21 days, 22-28 days, and 29-60 days. At the only pediatric
hospital in the state of Hawai'i, practices for evaluation and
management of infants 22-60 days differed from the
published clinical practice guidelines. In 2022, a local quality
improvement initiative was implemented in connection to a
larger national quality improvement initiative to align the
institution’s practice with the guidelines, thereby decreasing
unnecessary hospitalizations, procedures, and medications.
After implementation, the admission rate for infants 22 to
60 days decreased significantly from 19% to 2% (P=.010).
Lumbar puncture rates decreased for infants 22 to 60 days
from 39 out of 47 (83%) to 12 out of 59 (20%) (P<.0001).
There was a significant decrease in the number of infants 29
to 60 days with normal inflammatory markers and normal
urinalysis who received antibiotics 74% to 20% (P<.0001).
There was no increase in delayed diagnosis of invasive
bacterial infection (P=NS). Within one year of
implementation, there was significant change in clinical
practice with adherence to the clinical practice guideline,
resulting in fewer unnecessary hospitalizations, antibiotic
administration, and lumbar punctures.

Abbreviations

AAP — American Academy of Pediatrics

CPG - clinical practice guideline

CSF - cerebrospinal fluid

EHR - electronic health record

IBI - invasive bacterial infections

KMCWC - Kapi‘olani Medical Center for Women and Chil-
dren

PED - pediatric emergency department

PEM - pediatric emergency medicine

PHM - pediatric hospitalist medicine

POC - pediatric outpatient care

QI - quality improvement

REVISE II — Reducing Excessive Variability in Infant Sepsis
Evaluation II

UTI - urinary tract infection

INTRODUCTION

Young infants under the age of 60 days are at high risk of
invasive bacterial infection (IBI) which include bacteremia
and meningitis.!-2 Historically, several criteria were devel-
oped to risk stratify this population.3-> However, over the
past 30 years since these criteria were published, there have
been multiple changes affecting their applicability includ-
ing changing epidemiology of organisms responsible for
IBI, more recent investigations documenting the decreas-
ing risk for IBI with increasing infant age, development of a
new biomarker called procalcitonin for systemic inflamma-
tory response, and investigations demonstrating that time
to detection of most pathogenic bacteria in blood and cere-
brospinal fluid (CSF) cultures is within 24 hours.6-8

In August 2021, the American Academy of Pediatrics
(AAP) released a clinical practice guideline (CPG) on the
evaluation and management of well-appearing infants aged
8 to 60 days with fever.? Infants were stratified into 3 sub-
groups, ages 8 to 21 days, 22 to 28 days, and 20 to 60 days,
based on their risk for IBI. Inflammatory markers (C-re-
active protein, white blood cell count, absolute neutrophil
count, and procalcitonin), urinalysis, and CSF fluid analy-
sis were utilized to guide management. The new guidelines
represented a departure from the historic criteria in that
there was more potential for decreased hospitalization and
decreased lumbar punctures in the older sub-groups of in-
fants. Given the risks of hospitalization, outpatient man-
agement with good follow-up is preferred when deemed
safe. Iatrogenic consequences and psychosocial impacts of
hospitalization for both the infant and caregivers include
exposure to nosocomial infections, intravenous catheter in-
filtration, disturbed sleep, disruption to the family unit,
stress, and missed work for parents and caregivers.10-14 Ad-
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Table 1. Comparison of KMCWC Historic Practice and 2021 AAP CPG Recommendations for the Evaluation and

Management of Well-Appearing Febrile Young Infants

KMCWC historic practice criteria 2021 AAP CPG

Admit infants <28 days

Admit infants <21 days
Potential for no admission in qualifying infants 22 to 28 days

Admit infants 29-60 days old with positive urinalysis

Admit infants <28 days old with positive urinalysis
Potential for no admission for qualifying infants 29 to 60 days

Lumbar puncture in all febrile infants <60 days old

Lumbar puncture in febrile infants <21 days old
Potential for no lumbar puncture in qualifying infants 22 to 60
days

Infants 29 to 60 days discharged from the PED receive
antibiotics

Potential for no antibiotics in qualifying infants 29 to 60 days

ditionally, from a resource utilization standpoint, avoid-
ing unnecessary admissions can prevent over-crowding and
save cost to the system!5-17

The Kapi‘olani Medical Center for Women and Children
(KMCWC) is an urban, university-affiliated tertiary care
center and the only children’s hospital in Hawai‘i. The
emergency department is staffed by fellowship-trained Pe-
diatric Emergency Medicine (PEM) physicians and is the
only dedicated pediatric emergency department (PED) in
the state, treating more than 45000 patients annually.!8
The majority of children hospitalized at KMCWC are cared
for by the Pediatric Hospitalist Medicine (PHM) service.
Practice at the institution therefore has the potential to af-
fect the majority of Hawai‘i’s pediatric patients.

Prior to the release and widespread practice adoption of
the 2021 AAP CPG at KMCWC, well-appearing young in-
fants with fever were evaluated based on historic criteria. In
general, febrile infants <28 days were hospitalized, infants
29 to 60 days with positive urinalysis were hospitalized, all
infants <60 days underwent a lumbar puncture, and infants
29 to 60 days discharged from the PED received antibiotics.
These practices differed from recommendations of the 2021
AAP CPG and are presented in contrast in Table 1. Poten-
tial root causes are outlined in a fishbone diagram in Fig-
ure 1.

A quality improvement (QI) initiative was undertaken
to align the institution’s practice with the 2021 AAP CPG
and decrease clinical variation in the care of well-appearing
young febrile infants aged 22 to 60 days.

Methods

In May 2022, key stakeholders from the institution’s PEM,
PHM, Pediatric Outpatient Care (POC) department, local
primary care community pediatricians, hospital adminis-
tration and nursing worked collaboratively to develop and
implement a QI initiative with the goal of reducing unnec-
essary investigations and hospitalizations. The local pro-
ject was allowed to join the already ongoing national multi-
center 103 hospital collaborative QI project sponsored by
the AAP Value in Inpatient Pediatrics Network titled Re-
ducing Excessive Variability in Infant Sepsis Evaluation II
(REVISE II).19 REVISE II primary aims were 90% adherence
to obtaining appropriate lumbar puncture, appropriate dis-

charge from the emergency department, and appropriate
avoidance of antibiotics for infants 29-60 days, and appro-
priate discharge for hospitalized infants 8-60 days. REVISE
II balancing measures were appropriate evaluation in in-
fants 8-21 days and 22-60 days, return visits to the emer-
gency department, readmissions to the hospital, and de-
layed diagnosis of bacteremia and/or bacterial meningitis.
The local project utilized elements of the REVISE II in-
terventional bundle, specifically the educational webinars,
electronic health record (EHR) “query data pull,” documen-
tation and patient instruction templates, project database
to create run charts, and Maintenance of Certification cred-
its. Within 1 year of implementation, the overlapping site-
specific aims were to reduce lumbar punctures in appropri-
ately evaluated infants 29 to 60 days by 50% and reduce
admission in appropriately evaluated infants 22 to 60 days
by 25%. A designee of the Institutional Official of Hawai‘i
Pacific Health determined the project was not research sub-
ject to review by an Institutional Review Board (HPHRI
Study Number 2022-047).

Behavior change was encouraged utilizing the REVISE
I deimplementation frameworks previously described in-
cluding intentional unlearning, substitution, engaging key
stakeholders, encouraging buy-in, and providing audit and
feedback.29 The adopted hypothesis was that implementa-
tion of a clinical pathway that leveraged standardized and
timely assessment, selective use of diagnostic testing, and
optimized patient follow up would enable adherence to the
AAP CPG, improve outcomes, cost effectiveness, and pa-
tient experience.

Site-specific interventions were as follows. The original
38-page AAP CPG was distilled by 1 author (CO) into a
single page algorithm as seen in Figure 2, outlining the
recommended evaluation and management for the 3 age
groups. Local adaptions for a more conservative, expedi-
tious, and simplified approach were made to make the al-
gorithm locally applicable and consensus driven. The AAP
CPG had various pathways depending on the availability
of the inflammatory marker procalcitonin and results of
a bagged urinalysis. The local algorithm differed from the
AAP CPG by recommending inflammatory markers at 8 to
21 days, eliminating the option for bag urinalysis due to
concern for prolonging PED visits, always including C-reac-
tive protein and temperature >38.5C as primary inflamma-
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Figure 1. Fishbone Diagram of Potential Pre-Implementation Root Causes Leading to Unnecessary Investigations
and Hospitalizations in Well-Appearing Young Febrile Infants

tory markers due to concern for limited procalcitonin avail-
ability, and including infants with bronchiolitis.

The flowchart was physically posted in the PED physi-
cian work areas. The AAP CPG and local flowchart were pre-
sented to various stakeholders at the PED and PHM division
meetings, and at the hospital’s Quality Council, Standard of
Excellence, and Department of Pediatrics meetings. An in-
stitutional emergency department guideline outlining the
AAP CPG recommended evaluation was created. A locally
created educational webinar reviewing the AAP CPG and
outlining the implementation plan was presented to the
regional accountable care organization. Finally, an official
letter was sent to all pediatric providers on the institution’s
medical staff that included CPG implementation plans, the
created flowchart, and a link to the AAP CPG. Providers
were advised that more infants may be discharged from the
PED and require next day follow-up in their offices. Addi-
tionally, given that patients might require outpatient fol-
low-up when primary care community pediatrician offices
were closed, arrangements for follow-up to avoid a revisit
to the PED were made through the POC clinic.

Data Collection

One year of retrospective pre-implementation data from
May 2021 to April 2022 was collected to establish a baseline
for the quality measures. Quality outcome measures were
metrics that reflect impact of the intervention on the pa-
tient and balancing measures were unintended conse-
quences of the intervention. Following pathway implemen-
tation, a monthly retrospective audit was conducted from
May 2022 to April 2023 to assess both compliance with
and performance of this QI initiative. Utilizing program-

ming from the REVISE II EHR “data query pull,” a report
was generated identifying infants 8 to 60 days with fever
who presented to the KMCWC PED.!9 A manual chart re-
view was then conducted. Infants were excluded if they did
not have a temperature >38.0C measured in the ED or at
home, presented with ill appearance, gestational age <37
weeks, chronic medical condition, focus of bacterial infec-
tion, high suspicion for HSV, antibiotic administration in
past 48 hours, and vaccination in the past 48 hours.

Quality Outcome Measures

Outcome measure 1 evaluated the rate of hospital admis-
sions, subcategorized by age, 22 to 28 days with normal in-
flammatory markers and normal CSF fluid analysis and 29
to 60 days with normal inflammatory markers. Infants who
met these normal criteria in their age group were eligible
for outpatient management. Outcome measure 2 evaluated
the rate of lumbar punctures in infants 22 to 28 days with
normal inflammatory markers and normal urinalysis and 29
to 60 days with normal inflammatory markers. Infants who
met the normal criteria were eligible to not have a lum-
bar puncture. Outcome measure 3 evaluated the infants 29
to 60 days with positive urinalysis and normal inflamma-
tory markers who were hospitalized. Infants who met these
criteria were eligible for outpatient management. Outcome
measure 4 evaluated infants 29 to 60 days with normal uri-
nalysis and normal inflammatory markers who received an-
tibiotics before discharge from the emergency room. In-
fants who met these normal criteria were eligible to not
receive antibiotics prior to discharge from the emergency
room.
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Figure 2. Local Adaptations to AAP CPG Algorithm Flowchart for Evaluation and Management of Well-Appearing

Young Febrile Infants

Quality Balancing Measures

Balancing measure 1 evaluated infants 22 to 28 days with
normal inflammatory markers, urinalysis and CSF, and 29
to 60 days with normal inflammatory markers discharged
from the PED who returned to the PED within 7 days for
any reason. Balancing measure 2 evaluated the infants 22
to 60 days without lumbar puncture or without antibiotics
who were discharged from the PED or hospital and readmit-
ted within 7 days with bacteremia or meningitis. See Table
2 for summary of quality measures.

Analysis

Demographic data of patients were summarized by descrip-
tive statistics. Frequencies and percentages of these vari-
ables were compared between pre- and post-implementa-
tion groups using the chi-square test or Fisher’s exact test.
Statistical Process Control (SPC) charts were created to
monitor the monthly rates of hospital admissions and lum-
bar punctures pre- and post- implementation, followed by
a statistical analysis using the Fisher’s exact test to com-
pare the differences between the two periods. All statistical
analyses were performed using SAS software version 9.4

(SAS Institute Inc., Cary, NC). A two-tailed P-value <.05
was considered to be statistically significant.

Results

There were no significant differences in the populations
pre- and post-implementation with respect to age, sex,
race, and ethnicity. As in Table 3, both pre- and post-im-
plementation, about three-quarters of patients were aged
29-60 days, evenly distributed between male and female
sex, 34-44% Native Hawaiian or Pacific Islander, 31-34%
Asian, and over 90% non-Hispanic or Latino.

Quality Outcome Measures

Table 4 summarizes the results for quality outcome mea-
sures. For outcome measure 1, infants 22 to 28 days with
normal inflammatory markers and CSF analysis that were
eligible for outpatient management, 0 of 3 infants in the
pre-implementation phase and 1 of 2 infants in the post-
implementation phase were discharged home (P=.40). For
infants 29 to 60 days with normal inflammatory markers,
hospitalizations decreased significantly from 5 of 40 (13%)
in the pre-implementation period to 0 of 50 (0%) in the
post-implementation period (P=.015). The combined hospi-
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Table 2. Local Quality Improvement Initiative for Well-Appearing Febrile Young Infants Outcome and Balancing

Measures Descriptions

Quality Outcome Measure

1. Admission to hospital

22 to 28 days

Eligible for no admission if:

e Normal inflammatory markers
e Normal CSF

29 to 60 days

Eligible for no admission if:
e Normal inflammatory markers

2. Lumbar puncture

Eligible for no lumbar puncture if:

e Normal inflammatory markers
e Normal urinalysis

Eligible for no lumbar puncture if:
e Normal inflammatory markers

Quality Balancing Measure

1. Return to PED within 7 days

22 to 28 days

e Normal inflammatory markers
e Normal urinalysis
e Normal CSF

3. Admission to hospital for UTI N/A Eligible for no admission if:
e Normal inflammatory markers
e Positive urinalysis

4. Antibiotics before PED discharge N/A Eligible for no antibiotics if:

e Normal inflammatory markers
e Normal urinalysis

29 to 60 days

e Normal inflammatory markers

2. Bacteremia or meningitis

e No lumbar puncture
e No antibiotics
e Discharged home

e Nolumbar puncture
e No antibiotics
e Discharged home

Table 3. Demographic Characteristics of Well-Appearing Young Febrile Infants Pre- and Post-Implementation of

Local Quality Improvement Initiative

tal admission rate run chart for infants 22 to 60 days is in
Figure 3 and decreased significantly from 8 of 43 (19%) to

1 of 52 (2%) (P=.010).

15 13% 28 20%
14 12% 12 8% 24
91 76% 103 72%

63 53% 66 46%

57 48% 77 54% 3
2 2% 4 3%

37 31% 49 34%

53 44% 48 34%

26 22% 33 23% 2
1 1% 2 1%
1 1% 7 5%
7 6% 7 5%

110 92% 134 94% 80
3 3% 2 1%

For outcome measure 2, the number of infants 22-28
days with normal inflammatory markers who received a
lumbar puncture was 4 of 5 (80%) pre-implementation, and
2 of 4 (50%) post-implementation (P=.52). Infants 29 to
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Table 4. Outcome Measures Results Pre- and Post- Implementation of Local Quality Improvement Initiative for Well-Appearing Febrile Young Infants

Outcome 12 Outcome 2P Outcome 3¢ Outcome 44
Hospital Admissions Lumbar Punctures Outpatient UTI Antibiotics
Pre- Post- Pre- Post- Pre- Post- Pre- Post-
22t0 28 days g’s‘;f/?; (15?;/2) 40 4of5 20f4 52 N/A N/A N/A N/A N/A N/A
5of 40 00of 50 350f42 10 0of 55 Oof1 0of3 250f 43 100f 49
29 to 60 days (13%) (0%) .015 (83%) (18%) <.001 (0%) (0%) N/A (74%) (20%) <.001
80f43 1of52 39 0of 47 12 of 59
22 to 60 days (19%) (2%) .010 (83%) (20%) <.001 N/A N/A N/A N/A N/A N/A

Footnote: Workup is as outlined in local adaptations to AAP CPG Algorithm Flowchart in Figure 2.

2 Hospital admissions in ages 22 to 28 days and 29-60 days with normal age-appropriate workup.

b Lumbar punctures in ages 22-28 days with normal inflammatory markers and normal urinalysis and in ages 29 to 60 days with normal inflammatory markers.
€ Hospital admissions in 29 to 60 days with positive urinalysis and normal inflammatory markers.

d Antibiotics given prior to discharge from PED in ages 29 to 60 days with normal inflammatory markers and normal urinalysis.
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Figure 3. Rate of Hospital Admissions in Well-Appearing Young Febrile Infants Ages 22 to 60 Days Pre- and Post-

Implementation of Local Quality Improvement Initiative

60 days with normal inflammatory markers who received
a lumbar puncture decreased significantly from 35 of 42
(83%) to 10 of 55 (18%) (P<.001). When combined, as seen
in Figure 4, lumbar punctures decreased for infants 22 to
60 days from 39 of 47 (83%) to 12 of 59 (20%) (P<.001).

For outcome measure 3, there was an inadequate num-
ber of patients 29 to 60 days with normal inflammatory
markers and positive urinalysis to analyze statistically.
There was 1 in the pre-implementation phase and 3 in the
post-implementation phase; none were admitted.

For outcome measure 4, there was a significant decrease
in infants 29 to 60 days with normal inflammatory markers
and normal urinalysis who received antibiotics from 25 of
34 (74%) pre-implementation to 10 of 49 (20%) post-imple-
mentation (P<.001).

Balancing Measures

For return rates to the emergency department within 7 days
for any reason, pre-implementation 7 of 35 (20%) and post-
implementation 9 of 54 (17%) appropriately evaluated and
discharged infants 22-60 days returned to the PED. There
was no statistically significant change (P=.78).

Regarding delayed diagnoses of bacteremia or meningi-
tis in infants managed in accordance with the guideline, in
22 to 60 days infants, there were 5 total cases of IBI. There
was 1 bacteremia/UTI and 1 meningitis in the pre-imple-
mentation period versus 1 bacteremia, 1 bacteremia/UTI,

and 1 meningitis post-implementation (P>.99). All of these
were treated in a timely fashion.

Discussion

The largest change in the care of young febrile infants lo-
cally was in the rate of lumbar punctures performed in the
29 to 60 days age group from 83% to 18%. This is in keep-
ing with REVISE II results where the primary aim of ap-
propriately not obtaining a lumbar puncture had the high-
est adherence at 92.4%.1° Lumbar punctures are painful
procedures for infants, anxiety provoking for parents, and
a frequent basis for unnecessary hospitalizations. Obtain-
ing CSF in young infants is challenging as only 45% to
66% of lumbar punctures are successful on the first attempt
and rates of unsuccessful or traumatic lumbar puncture in
this age group have been reported to be as high as 18.6%
to 23%.21-23 Traumatic or unsuccessful lumbar punctures
increase hospitalization rate 3 times compared to normal
lumbar punctures.2! Furthermore, even when CSF is suc-
cessfully obtained, false positives can cloud clinical deci-
sion making. When combining the CSF results of 3 separate
studies of young febrile infants, only 53 of 497(10.7%) pos-
itive bacterial cultures were pathogens.24-26 Consequently,
the elimination of a lumbar puncture is of direct benefit to
the infant as well as with respect to workflow and resource
utilization.
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Figure 4. Rate of Lumbar Punctures in Well-Appearing Young Febrile Infants Ages 22 to 60 Days Pre- and Post-

Implementation of Local Quality Improvement Initiative

Because of the small number of infants in the 22 to 28
days age group, only 5 infants with normal blood, urine,
and CSF analyses were eligible for home discharge. There
was insufficient statistical power to conduct any meaning-
ful analysis. However, the REVISE II study had 2250 in-
fants in this age group. While the analysis for potential in-
crease in home discharge for eligible infants has yet to be
reported, there was a significant increase post-implementa-
tion in discussions with parents about the harms and bene-
fits of hospitalizations from 1.9% to 17.9%.19

With respect to balancing measures, there were no in-
creased PED visits post-implementation. As there was a
marked decrease in lumbar punctures and hospitalizations,
it was critical to monitor delays in the detection and timely
treatment of IBIs. While there was no increase in the de-
layed detection of IBIs post-implementation, a delayed de-
tection case is very uncommon, and the local study did not
have statistical power to address this without participating
in a national collaborative. The REVISE II study which in-
cluded 6549 infants in the pre- and 11159 infants in the
post-intervention periods had a similar rate of delayed IBI
detection; pre- and post-intervention 0.4% v 0.3%, P=.74.19

By implementing established methods of behavior
change the clinical care of febrile young infants at the insti-
tution was improved. Strengths of this QI initiative were in-
terventions that were simple to implement that addressed
capability, opportunity, and motivation by distilling the in-
formation, educating key stakeholders, and decreasing bar-

riers to behavior change. A key strength of this study was
its association with a national quality improvement project
that provided legitimacy and additional tools to assist with
implementation, audit and feedback and stakeholder en-
gagement.

A limitation of this implementation work is that it can-
not be excluded that the PEM physicians would have
changed their clinical behavior on their own. The AAP CPG
was released in 2021, and the interventions were imple-
mented 9 months later. Clinical behavior may have changed
eventually, however the dramatic rate of change, especially
in the decreased number of lumbar punctures demon-
strated in Figure 4 run chart, speaks to the likely accel-
eration of clinical behavior change affected by the inter-
ventions. Additionally, during the implementation phase
the institution’s urgent care permanently closed due to
lack of staffing. Therefore, patients requiring next day fol-
low-up on Sundays or holidays were instructed to return
to the emergency department for re-evaluation, and this
may have affected clinician behavior. Clinicians may have
been inclined to perform additional investigation or con-
sider hospitalization given the lack of scheduled follow-up
the following day.

While the primary goal was to implement recommenda-
tions of the first AAP CPG on fever management in young
infants, another outcome was that local practice variance
from national practice decreased. For the national network,
the baseline frequency of lumbar punctures in keeping with
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the AAP CPG was 78.5% whereas for the local institution it
was 17%. With the advent of a nationally recognized guide-
line and participation in a multicenter collaborative, a rapid
and dramatic change was implemented that currently re-
sembles the clinical approach to febrile infants throughout
the country. A post-implementation frequency for lumbar
puncture performance of 80% was achieved over the entire
year but was 92% for the last 10 months of the year.

In addition to developing a method to “safely do less” for
infants in Hawai‘i, there were a number of mutual benefits
the local study had with the national collaborative.2” The
local contribution of patients comprised 10% of the West-
ern region in the national study and while this institution
was 1 of 103 hospitals, it provided 1.5% of the data. The lo-
cal ethnic make-up also adds to the generalizability of the
study. Importantly, the statistical power of the larger study
allowed the ability to address balancing measures, without
which there would be lingering concerns about the safety of
the approach. In summary, a local team collaborating with
a national network represents a model with documented
and potential benefits that is worthy of ongoing support.

Conclusions

A method to “safely do less” for infants in Hawai‘i was de-
veloped by the implementation of a locally applicable clin-

ical algorithm based on the AAP CPG that leveraged stan-
dardized and timely assessment, selective use of diagnostic
testing, and optimized patient follow up. Patient clinical
outcomes, overall patient experience, and cost to the sys-
tem were improved. The initiative has fostered a culture of
collaboration and continuous improvement across the in-
stitution by supporting practice change and future steps in-
clude adapting the algorithm to make it applicable to other
emergency departments that care for this patient popula-
tion in the state.
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