
1

Issue 4 • Volume 7

Abstract
Introduction: Our emergency department updated our care algorithm to provide evidence-based, standardized care to 0- to 
60-day-old febrile neonates. Specifically, we wanted to increase the proportion of visits for which algorithm-adherent care was 
provided from 90% to 95% for infants 0–28 days, and from 67% to 95% for infants 29–60 days, by June 30, 2020. Methods: Our 
emergency medicine team outlined our theory for improvement and used multiple plan-do-study-act cycles to test interventions 
aimed at key drivers. Interventions included constructing an updated care algorithm, clinician, and nurse education, integrating an 
updated opt-out order set, and streamlined discharge instructions. Our primary outcome was the proportion of patient encounters 
in which clinicians ordered algorithm-adherent care. In addition, our quality improvement team manually reviewed all failures to deter-
mine the reasons for failure and inform further interventions. Results: We evaluated 2,248 visits between January 2018 and October 
2021. Algorithm-adherent care for 29- to 60-day-old infants improved from 67% to 92%. Algorithm-adherent care for 0- to 28-day 
infants improved from 90% to 96%. We sustained these improvements for 22 months. Failure to adhere to the algorithm in the 
29- to 60-day-old infant group was primarily due to clinicians not ordering procalcitonin. Conclusions: Using quality improvement 
methods, we successfully increased algorithm-adherent evaluation of febrile neonates 0–60 days old in our pediatric emergency 
departments. Education and opt-out order sets were keys to implementing our new algorithm. (Pediatr Qual Saf 2022;7:e583; doi: 
10.1097/pq9.0000000000000583; Published online August 1, 2022.)
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INTRODUCTION
Almost 500,000 infants present to emer-
gency departments (EDs) in the United 
States for evaluation of fever annually.1,2 
Although most of these infants have 
viruses, 8%–12.5% of infants 0–60 days 
of age and up to 20% of those younger 
than 28 days have serious or invasive bac-
terial infections without specific history or 
examination findings.3,4 Serious bacterial 
infections (SBIs) include bacteremia, bacterial 
gastroenteritis, cellulitis, osteomyelitis, septic arthri-
tis, meningitis, pneumonia, and urinary tract infection. 

Invasive bacterial infections (IBIs) include bacte-
remia and acute bacterial meningitis. Accurate 

identification of SBIs and IBIs in infants has 
remained a clinical challenge. Multiple 
clinical prediction models have been pro-
posed, such as the Rochester, Philadelphia, 
and Boston criteria,5–7 which combine his-
tory, physical examination findings, and 

laboratory data to stratify the risk of SBI/
IBI in young infants. Different clinical pre-

diction models have contributed to significant 
variation in the evaluation and management of 

febrile infants under 60 days of age.8,9 Standardizing man-
agement of febrile infants can decrease hospitalization 
rates and encourage judicious antimicrobial stewardship 
for infants identified as low risk for SBI.10 Most recently, 
the AAP published a clinical practice guideline (2021) for 
managing well-appearing febrile neonates, which seeks 
to further expand upon previous guidelines.11 We believe 
updated systematic evaluation and management of fever 
of uncertain source (FUS) in this age group will provide 
standardized, evidence-based care in the ED.

Local Problem
Our primary quaternary medical center ED and our com-
munity hospital ED evaluate febrile neonates. Before any 
intervention, there was variability in the laboratory eval-
uation performed on these infants. Despite changes in the 
epidemiology of bacterial pathogens12,13 and the introduc-
tion of biomarkers such as procalcitonin and c-reactive 
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protein (CRP),14–16 and changing national standards of 
care for this patient population, the hospital guideline for 
FUS in infants at our institution had not been updated 
since 2010. A 2019 PECARN study included derivation 
and validation of a rule with a sensitivity of 97.7% to 
detect SBIs and IBIs while decreasing the rate of lumbar 
punctures, antimicrobial therapy, and hospitalizations, 
especially in infants 29–60 days of age.17 To update care 
in light of current evidence, physician leaders from the 
Divisions of Emergency Medicine, Infectious Disease, 
Community Pediatrics, and Hospital Medicine, as well as 
representatives from Pharmacy and Clinical Laboratory, 
formed a multidisciplinary committee to review relevant 
existing literature and guidelines, resulting in an updated 
hospital-wide evidence-based care guideline for the eval-
uation and management of infants 0–60 days who pre-
sented with FUS.

The purpose of this Quality Improvement (QI) initia-
tive was to provide reliable, algorithm-adherent care for 
infants 0–60 days of age with fever (historical or docu-
mented rectal temperature ≥ 38 °C) presenting to one of 
our institution’s pediatric EDs (PED) based on an updated 
institutional care algorithm constructed by a cross-divi-
sional, multidisciplinary group. Therefore, we wanted to 
increase the proportion of visits for which algorithm-ad-
herent care was provided from 90% to 95% for infants 
0–28 days, and from 67% to 95% for infants 29–60 days, 
by June 30, 2020.

METHODS
Setting and Context
We conducted this study at a quaternary care children’s 
hospital with two PEDs (an urban academic center and 
a satellite community setting). These PEDs have a com-
bined annual volume of ~100,000 visits. The parent pedi-
atric institution is a level I trauma center responsible for 
85% to 90% of pediatric admissions from a population 
base of two million people. The study was an institutional 
QI project and nonhuman subjects research, exempt from 
Institutional Review Board approval.

Pediatric emergency medicine (PEM) faculty, gen-
eral pediatricians, advanced practice registered nurses 
(APRN), and resident physicians staff the PEDs. Our 
institution uses a large commercial EMR system (EPIC 
Systems Corporation, Verona, Wis.) that allows PED 
care algorithms to be uploaded to a repository-specific 
to the ED context. PED order sets are suggested based 
on a patient’s chief complaints. Otherwise, clinicians must 
search for an order set by name if the EMR does not sug-
gest it.

Our team sought to improve the reliability of algo-
rithm-adherent care for infants 0–60 days of age with any 
temperature ≥38º C without an apparent source after a 
thorough history and physical examination. Our insti-
tutional guideline defined an apparent source like skin 
or soft-tissue infection, specifically cellulitis, omphalitis, 

or mastitis. We did not consider congestion, rhinorrhea, 
cough, and acute otitis media as apparent sources of 
infection because viral infections may not preclude bac-
terial infection. In addition, we excluded infants currently 
receiving antibiotics, immunized within 48 hours, or pre-
senting with isolated hypothermia.

Interventions
Key Driver and Global SMART Aim Development
A multidisciplinary QI team of key stakeholders was 
assembled: ED physicians, pediatric resident physicians, 
nurses, and pharmacists. The team first defined their 
global and smart aim and developed a key driver diagram 
using the Model for Improvement.18 We linked interven-
tions to each driver (Fig.  1) and tested these potential 
interventions using Plan-Do-Study-Act cycles. Finally, we 
adopted and incorporated effective interventions into the 
clinical process.

Algorithm Development
An interdisciplinary team of physicians, nurse practi-
tioners, and nurses adapted the updated hospital febrile 
neonate guideline for the PED to generate our divisional 
clinical care algorithm (Fig. 2), which was linked to the 
electronic medical record (EMR) of any infant between 0 
and 60 days who presented for possible infection starting 
in October 2019.

The algorithm includes laboratory, imaging, and treat-
ment recommendations for FUS in infants 0–60 days based 
on assessing risk (high, intermediate, or low) of IBI and 
suspicion of urinary tract infection. First, the algorithm 
identifies any ill-appearing infant who has an abnormal 
Pediatric Assessment Triangle,19 or has a chronic illness, 
and all infants 0–28 days old as high risk with a recom-
mendation to send blood, urine, and cerebrospinal fluid 
(CSF) cultures and administer empiric antibiotics in the 
PED. Additionally, infants 0–28 days of age who meet 
high-risk criteria for herpes simplex virus (HSV)20 (iden-
tified by the algorithm) should have CSF, blood, and sur-
face HSV PCR. In addition, they should receive additional 
laboratories, including a hepatic panel and a basic meta-
bolic panel, and be treated with empiric acyclovir.

Blood and urine cultures are recommended for all clin-
ically well-appearing, previously healthy infants 29–60 
days. These infants are then risk-stratified into low-, inter-
mediate-, or high-risk groups based on the results of three 
recommended laboratories: complete blood count (CBC), 
procalcitonin, and urinalysis (UA) and dispositioned 
accordingly (Fig. 2).

Education
Education of PEM providers occurred at our monthly 
division staff meeting beginning in January 2019 with 
the introduction of the hospital algorithm and periodi-
cally after that as we developed the divisional algorithm. 
Additionally, we separately educated the staff pedia-
tricians and APRNs specifically about the divisional 
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algorithm at a clinical staff meeting in October 2019. The 
education consisted of a slide presentation outlining the 
evidence for the recommendations and a detailed intro-
duction to the algorithm. In addition, the hospital med-
icine team educated pediatric residents in collaboration 
with emergency medicine as part of the inpatient rota-
tion. We reinforced classroom education with just-in-time 
education about the order set during the ED rotation 
when residents cared for an infant with a fever. We also 
provided education to the PED nurses at their monthly 
meeting beginning in September 2019 and periodically 
after that. We reinforced algorithm education using video 
monitor education in common areas of the PED during 
February 2020. Finally, the Division of Hospital Medicine 
conducted community outreach to inform local pediatri-
cians of the new clinical care guideline.

EMR-based Interventions
We developed a point-of-care order set and integrated 
it with a previously existing PED neonatal HSV algo-
rithm, which was available in a protocol repository 
linked to the EMR. We divided the order sets into 

categories based on the two age groups: 0–28 and 
29–60 days, with algorithm-adherent orders based on 
age preselected to facilitate ease of ordering. We based 
the opt-out design of the order set on previous work to 
identify the optimal setup for order set use within our 
institution. The order set became available on the EMR 
in December 2019.

Discharge Instructions
To streamline and standardize the discharge of patients 
29–60 days of age who qualified for discharge per low-
risk criteria, the QI team developed discharge instructions 
with detailed, extensive return precautions. This docu-
ment was uploaded to the EMR in March 2020 to facili-
tate a standard discharge process.

Study of the Interventions
We compiled data between January 2018 and October 
2021 from the EMR to identify PED encounters for febrile 
infants. We initially abstracted all patients aged 0-60 days 
at the time of visit who had a temperature ≥38 °C at the 
visit OR had a blood culture ordered at the visit OR had a 

Fig. 1. Febrile neonate evaluation and treatment key driver diagram. ED, emergency department; SMART, specific, measurable, 
attainable, realistic, timely; UC, urgent care.
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urine culture ordered at the visit from the EMR. The team 
then performed a standard chart review of any visit that 
was a “failure” for algorithm adherence to determine if 
the visit met inclusion criteria. We excluded the following 
groups by chart review: evaluation performed for reasons 

other than fever (including hypothermia), fever within 
48 hours of vaccines, and a follow-up visit to ED during 
the same febrile illness. Additionally, we excluded infants 
with skin and soft tissue infections or surgical site infec-
tions, regardless of fever.

Fig. 2. Febrile neonatal fever care algorithm for Cincinnati Children’s Pediatric Emergency Department.
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Measures
Our primary process measures were the proportions of 
patient visits in which clinicians provided algorithm-ad-
herent care for the evaluation and treatment of (1) patients 
0–28 days of age and (2) patients 29–60 days of age who 
presented to our PEDs with FUS. For patients 0–28 days 
of age, algorithm-adherent care was defined as blood, 
urine, and CSF cultures, and cephalosporin or gentamicin 
was ordered before hospital admission. The denomina-
tor for this measure was all encounters for infants 0–28 
days undergoing evaluation for FUS. We defined algo-
rithm-adherent ordered care for infants 29-60 days as 
CBC, blood culture, procalcitonin, UA, and urine culture. 
The denominator for this measure was all encounters for 
infants 29–60 days undergoing evaluation for FUS. We 
also tracked a secondary process measure of the propor-
tion of visits in which the new order set was used. The 
proportion of PED visits resulting in admissions over time 
was tracked. No special cause variation was related to 
our interventions in the admission rate in either the 0- to 
28-day age group or the 29- to 60-day age group.

Analysis
For each age group, we constructed a P-chart to demon-
strate the proportion of eligible patient encounters that 
were algorithm adherent. We tracked the process mea-
sures over time using a statistical process control chart 
to evaluate the impact of the described interventions. We 
analyzed the p-charts per the rules for Shewhart chart 
interpretation to identify special cause.21

RESULTS
We evaluated a total of 2,248 encounters between 
January 2018 and October 2021. Of these, 849 encoun-
ters were with neonates 0–28 days, and 1,399 were with 
neonates 29–60 days. During the baseline period (January 
2018–December 2018), there were 654 patient encoun-
ters. During the implementation and sustainment periods 
(January 2019–October 2021), there were 1594 patient 
encounters. Algorithm-adherent care for 0–28 day infants 
improved from 90% to >96% (Fig.  3A). Special cause 
variation was demonstrated in December 2019 for this 
group and again in October 2020. We successfully sus-
tained this performance at this new baseline through 
October 2021. Algorithm-adherent care for 29–60 day 
infants improved from 67% to 92% (Fig. 3B). The team 
identified special cause variation in January 2019 in the 
older age group and sustained performance at this new 
baseline through October 2021. However, this falls short 
of the 95% goal set in the specific aim.

From July 2020 to December 2020, after we demon-
strated special cause and shifted the centerline, we ana-
lyzed the reasons for algorithm nonadherence using a 
Pareto chart to understand how to target future inter-
ventions. There was a single failure in the 0- to 28-day 
age group due to no antibiotics given after a failed LP 

attempt. There were eight failures in the 29- to 60-day 
age group, with the most common reasons for algorithm 
nonadherence noted as no procalcitonin or no blood 
culture ordered. A Pareto chart highlights results for 
the older age group (Fig. 4). Additionally, when manual 
chart reviews were performed to determine algorithm 
eligibility from January to October 2021, we noted an 
additional two failures in the 0- to 28-day age group 
and 15 failures in the 29- to 60-day age group. In 2021, 
both failures in the younger age group were due to the 
provider’s decision not to perform an LP. The most 
common reasons for algorithm nonadherence in infants 
29–60 days of age were: eight visits with no urine cul-
ture ordered, three visits with no procalcitonin ordered, 
two visits with no blood culture ordered, and two visits 
with no bloodwork ordered at all.

Order set use improved in both groups (Fig.  5A and 
B). Order set use increased from 74% to 87% for vis-
its in infants 0–28 days with special cause variation in 
December 2019 (month of updated order set Go Live). 
Order set use increased from 30% to 46% of visits in 
infants 29–60 days. These changes were sustained through 
October 2021.

DISCUSSION
Summary and Interpretation
Historically, there has been variation in the management 
of febrile neonates across the United States and our insti-
tution, as physicians follow different clinical guidelines. 
With the recent publication of the derivation and vali-
dation of a new rule based on a large cohort of febrile 
neonates from the PECARN database,17 we aimed to rap-
idly update our hospital febrile neonate guideline, derive 
an ED-specific algorithm, and standardize adherence to 
the algorithm. Our team achieved our goal of increas-
ing adherence to the FUS algorithm using interventions 
including education of patient-facing stakeholders, 
EMR-based interventions and care adherent discharge 
instructions.

Our institution’s strong culture of QI bolstered these 
interventions, including using order sets and algorithms 
for care. Order sets in our ED have traditionally been 
an opt-out model with preselected algorithm-adherent 
orders. For this project, we had the support of our admit-
ting service, the Division of Hospital Medicine, and the 
pediatric residency program. As key stakeholders, they 
aided in the successful and rapid implementation of a 
change in practice. For example, we used the pediatric 
residency program education conferences to disseminate 
evidence-based practices. In turn, these resident physi-
cians staff the ED and inpatient services. In addition, this 
patient population is particularly suitable for clear guide-
lines given the rare but high-risk nature of IBI.

We found greater variation in the management of 
older febrile neonates, as demonstrated by lower base-
line and postintervention algorithm adherence in the 
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29- to 60-day age group. This variation may be partially 
attributable to the historical use of varying clinical pre-
diction models in infants over 28 days. Most guidelines 
recommend a more conservative universal approach to 
IBI evaluation in infants from 0 to 28 days. However, 

the step-by-step model lowers that threshold to 0–21 
days,22 and the recent AAP guideline suggests room for 
even more clinical variation by age.11 Our efforts to 
standardize the care for febrile neonates pre-dates the 
most recent AAP guidelines. Therefore, we have made 

Fig. 3. A, Proportion of encounters for febrile neonates 0–28 days of age with algorithm-adherent care, January 2019–October 2021; 
(B) Proportion of encounters for febrile neonates 29–60 days of age with algorithm-adherent care, January 2019–October 2021.
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a deliberate decision at our institution to be more con-
servative and not to incorporate these newest guidelines 
into our standardized practice at this time. A case-by-
case chart review of the failures revealed that most 
failures seemed to fall into three general categories: 
issues around patient age, identification of fever, and 
missed laboratory orders. For example, in the 29- to 
60-day group, one failure was an age miscalculation, 
and another was a well-appearing 59-day-old to whom 
the provider chose not to apply the algorithm. Other 
failures reflect uncertainty around the identification of 
fever, especially when obtained at home.

Additionally, providers may be less concerned about 
fever in older, well-appearing infants despite the guide-
line. Two failures in the 29- to 60-day group included 
well-appearing infants presenting to the urgent care with 
a temperature of 38 °C, one with viral respiratory symp-
toms, and one with a diaper rash. However, the primary 
reason for failure was that ordering providers deviated 
from algorithm-recommended care. Initially, procalci-
tonin as a marker of potential bacterial infection was 
only recently introduced at our institution; failure to 
order procalcitonin became less common as a point of 
failure over the years of this improvement. When clini-
cians did not order urine cultures, it was due to providers 
not using the order set and instead utilizing a different 
order option which only reflexively sent a culture based 

on laboratory-set criteria, which did not completely align 
with the algorithm.

Order set use was also quite different between the age 
groups, with the usage of 87% in the 0- to 28-day group 
and 46% in the 29- to 60-day group. We suspect that 
the greatest reason for this difference is that the order 
set facilitates ordering tests and medications for younger 
infants who “need everything” from the initial assess-
ment, including weight-based antibiotics. Particularly, 
ensuring that all the labs required to assess for meningitis 
are ordered can be time-consuming and confusing, and 
using the order set eliminates this uncertainty. Conversely, 
evaluating older infants who do not automatically require 
lumbar puncture requires the entry of fewer orders. This 
behavior may be unlikely to change as providers become 
even more familiar with the recommended orders but is 
less important than outright adherence to the algorithm. 
However, it is important to note that algorithm-adherent 
care was provided more often for infants 29–60 days old 
when the order set was used, showing that there is still a 
role for increased order set use among providers.

Limitations
Our work has several limitations. First, we performed 
it at a single institution, which may limit generalizabil-
ity. Our institutional culture and resources, particularly 
the residency program education and the support of our 

Fig. 4. Postintervention Pareto chart of reasons for nonadherent care for 29- to 60-day-old infants (July–December 2020, n = 8). 
BCx, blood culture.
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admitting service, the Division of Hospital Medicine, aided 
in the successful and rapid implementation of a change 
in practice, which may present a challenge in other set-
tings. Additionally, we have access to timely procalcitonin 
results for clinical decision-making at both clinical sites, a 

resource not available at all institutions. Finally, although 
we have demonstrated at least 22 months of postim-
plementation data about algorithm adherence, some of 
that time was affected by the COVID-19 pandemic. Our 
PED patient volumes decreased due to the COVID-19 

Fig. 5. A, Proportion of encounters for febrile neonates 0–28 days of age with the order set use, January 2019–October 2021; (B) 
Proportion of encounters for febrile neonates 29–60 days of age with the order set use, January 2019–October 2021.
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pandemic in March 2020. Compared to previous years, 
we experienced only ~60% of historical febrile neonate 
patient volumes in 2020. However, these numbers started 
to rebound in July 2021 and reached (at times exceeding) 
historical norms by October 2021. Therefore, sustained 
adherence to the guideline recommendations could be 
related to lower patient volumes during that time, allow-
ing more time for careful consideration of patient evalu-
ation and management to facilitate guideline adherence. 
However, we are hopeful as we have seen continued suc-
cess during patient surges.

CONCLUSIONS
Implementing a QI initiative has resulted in increased 
adherence to an updated evidence-based care algorithm 
for the care of febrile neonates 0–28 and 29–60 days of 
age. Multiple key drivers have been used to achieve and 
sustain this improvement, including the availability of a 
PED care algorithm, providers and nursing staff educa-
tion, and adding an algorithm-adherent order set into the 
EMR. We will continue to monitor adherence to febrile 
neonate guidelines and examine failures as we move this 
QI process into operations.

This report employed the Standards for QI Reporting 
Excellence 2.0 (SQUIRE 2.0) publication guidelines for 
reporting healthcare QI research.23
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