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ABSTRACT 
Background: High volumes and competing priorities delay care initiation for neonatal hyperbilirubinemia within the pediatric emer-
gency department (ED). Our freestanding children’s hospital developed a quality improvement project to implement a nurse-initiated 
neonatal hyperbilirubinemia clinical pathway (CP) intended to decrease treatment initiation and intravenous fluid (IVF) rates. Methods: 
A multidisciplinary team used the model for improvement to delineate and address key drivers of treatment delays. The team estab-
lished a nurse-driven CP and enhanced the electronic health record to support and enforce new workflows, which included capillary 
specimen collection and phototherapy initiation before the first provider assessment. IVF criteria and laboratory evaluation were stan-
dardized. The primary aim was to decrease the time to initiation of phototherapy from a mean of 136 to 60 minutes after ED arrival for 
6 months. The secondary aim was to decrease the proportion of patients obtaining IVF from 31% to 15% for the same time frame. 
Results: ED arrival to phototherapy initiation decreased from 136 to 49 minutes. The IVF rate decreased from 31% to 12%. ED length 
of stay decreased from 185 to 122 minutes. Hospital length of stay remained unchanged. Conclusions: A nurse-initiated CP for neo-
nates with hyperbilirubinemia improved time-to-care initiation and ED throughput while decreasing unnecessary IVF administration. 
(Pediatr Qual Saf 2024;9:e774; doi: 10.1097/pq9.0000000000000774; Published online November 20, 2024.)

INTRODUCTION
Neonatal hyperbilirubinemia occurs in 8%–11% of 
neonates.1 Jaundice has been reported to account for 

21%–25% of neonatal emergency department (ED) 
visits,2,3 with similar local rates and accounts for 
three-quarters of readmissions.4 ED care is variable, 

especially regarding laboratory studies and intra-
venous fluids (IVFs).5 In 2022, the American 

Academy of Pediatrics updated manage-
ment guidelines for infants born ≥35 
weeks gestation to improve and decrease 
variation in care.6

Hyperbilirubinemia is an abnormal 
accumulation of bilirubin in the blood, 
causing yellow discoloration of the eyes 

and skin resulting from elevated levels 
of conjugated or unconjugated bilirubin. 

Turnover of fetal red blood cells, the inabil-
ity of the newborn liver to conjugate bilirubin, 

and increased enterohepatic circulation cause benign 
neonatal hyperbilirubinemia. More than 80% of new-
borns will have some degree of hyperbilirubinemia,7,8 
and most cases are benign and self-limited. However, 
very high levels of unconjugated bilirubin are neuro-
toxic. If left untreated, a portion of the unconjugated 
bilirubin can freely cross the blood–brain barrier and 
lead to acute bilirubin encephalopathy with acute and 
chronic neurologic impairment.9 Some risk factors for 
developing significant hyperbilirubinemia include pre-
maturity, hemolysis, exclusive breastfeeding with poor 
intake, scalp hematoma, macrosomia, Down syndrome, 
and a family history of inherited blood disorders. Acute 
bilirubin encephalopathy occurs in approximately 1 
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in 10,000 live births, resulting in potentially perma-
nent neurological disabilities, including developmen-
tal delay, cerebral palsy, and hearing loss. Thus, it is 
important to diagnose and treat hyperbilirubinemia 
promptly using a streamlined approach.5,6 Timely inter-
vention in the ED has the additional benefit of improv-
ing throughput.10

Clinical pathways (CPs) have been shown to reduce 
variation and directly impact patient outcomes, hospital 
length of stay (HLOS), and cost.11–13 CPs are developed 
using evidence, published clinical practice guidelines, and 
data from quality or continuous improvement proto-
cols.11 Nurse-initiated care in the ED has been shown to 
expedite management initiation and decrease admission 
rates.14 Neonatal hyperbilirubinemia CPs have decreased 
time to phototherapy, time in the ED, and IVF rates.15,16 
The American Academy of Pediatrics’s clinical practice 
guideline for managing neonatal hyperbilirubinemia high-
lighted the importance of timely treatment of infants with 
this diagnosis and the continued oral feeding of patients 
on phototherapy.6

Within our pediatric ED, no standard protocol existed 
for the care of neonatal hyperbilirubinemia. Therefore, 
the provider-based timing of specimen collection and 
phototherapy resulted in prolonged time-to-care initia-
tion and ED time. Additionally, ancillary laboratory eval-
uation and IVF therapy varied between providers. Both 
Wolff et al15 and Long et al17 reported improved standard-
ization of care, timeliness of care, and ED LOS secondary 
to a nurse-initiated jaundice protocol. Using the Institute 
for Healthcare Improvement model for improvement, 
our team designed a quality improvement (QI) project to 
standardize and optimize the care of patients seen in our 
ED by creating a CP (Fig. 1) with nurse-initiated orders. 
The primary aim of this QI project was to decrease the 
time to initiation of phototherapy after ED arrival from a 
mean of 136 to 60 minutes for 6 months. The secondary 
aim was to decrease the proportion of patients obtaining 
IVF from 31% to 15%.

METHODS
The institutional review board reviewed this project and 
deemed it exempt because it was determined to be QI, not 
human subject research.

Context
This prospective, interrupted time series QI initiative 
occurred at a tertiary-care, suburban, pediatric, Level I 
trauma center ED with a volume of 60,000 annual visits. 
The ED is part of a 208-inpatient freestanding children’s 
hospital staffed by board-certified pediatric emergency 
medicine attending physicians, general pediatricians, 
nurse practitioners, physician assistants, and residents 
from various training programs. Triage nurses evaluate 
patient acuity and facilitate ED throughput.

Patient Population
Neonates greater ≥35 weeks gestation between 1 and 14 
days old who presented to the ED with a chief complaint 
of hyperbilirubinemia or jaundice were included in this 
study. Patients who were febrile, hypothermic, had indi-
cations of dehydration, or had other concurrent known 
illnesses were excluded.

Interventions
The QI team included representatives from nursing 
administration, clinical informatics, emergency medicine, 
neonatology, hospital medicine and primary care. It was 
essential to partner with all care teams interacting with 
patients to understand challenges and develop effective 
countermeasures. The team created a current state pro-
cess map to highlight barriers to early initiation of pho-
totherapy. (See Figure 1, Supplemental Digital Content 
1, http://links.lww.com/PQ9/A608.) Then, it altered the 
sequence of care to move essential steps earlier in the visit. 
Interventions included nursing-driven protocol orders cre-
ated with a nursing order set. These orders allow care to 
begin during the triage process immediately upon patient 
arrival rather than waiting for evaluation by a provider. 
This order set included obtaining a neonatal bilirubin 
panel blood specimen when 4 hours had lapsed from out-
patient laboratory draw and then initiating phototherapy. 
Phototherapy began on all infants presenting with a chief 
complaint of hyperbilirubinemia instead of waiting for 
the laboratory results. This intervention ensured rapid 
phototherapy initiation for all patients, preventing biliru-
bin levels from rising in the ED.

ED, inpatient, and neonatal intensive care unit (NICU) 
representatives identified ancillary laboratory results 
required for hospital admission. Capillary blood collec-
tion laboratory evaluation prevented unnecessary veni-
puncture. Providers encouraged oral hydration in all 
patients, including formula supplementation in breastfed 
infants before IV hydration. NICU versus inpatient pedi-
atric unit admission criteria were clarified.

Plan-do-study-act (PDSA) cycles drove and sus-
tained improvement, including data sharing with staff 
and emphasizing key points with re-education. PDSA 
cycles identified multiple key drivers and process gaps. 
Important components included are as follows:

	 1.	Proper documentation of phototherapy start time.
	 2.	ED technicians’ ability to document within the elec-

tronic health record (EHR).
	 3.	Early initiation of phototherapy following blood 

collection.
	 4.	Standardization on proper technique of capillary 

blood collection.
	 5.	�Criteria for IVF initiation and laboratory 

evaluation.

Enhanced EHR functionality allowed nurses to document 
birth history and implement a standardized provider note 

http://links.lww.com/PQ9/A608
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Fig. 1.  Hyperbilirubinemia CP. The CP shows the medical management in the emergency department and inpatient units for infants 
with hyperbilirubinemia. RN, registered nurse; AAP, American Academy of Pediatrics; ABO, blood type group; BMP, basic metabolic 
panel; CBC, complete blood count; DDX, differential diagnosis; IVF, intravenous fluids; H&P, history and physical; HPI, history of pres-
ent illness; IVIG, intravenous immunoglobulin; mIVF, maintenance intravenous fluids; NA, sodium; O/Rh−, Rhesus factor negative; 
T&S, type and screen.
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template to assess key historical information accurately. A 
best practice alert was triggered when phototherapy ini-
tiation was outside the appropriate time window. When 
ED volumes increased, clinical decision support embed-
ded within the order set reminded triage nurses to initiate 
phototherapy in any available room.

Implementation Strategies
Multipronged implementation strategies ensured the suc-
cess of the pathway’s structures, processes, and outcomes. 
First, ED triage nurses were granted access to necessary 
equipment. Nurses received training at staff meetings, 
followed by more detailed individual sessions. Training 
included improvement opportunities, pathophysiology of 
hyperbilirubinemia, patient inclusion criteria, preference 
of capillary blood specimens, process changes, protocol 
order set, and EHR enhancements. To gain buy-in, we 
allowed all providers to give feedback. Once finalized, 
provider education occurred at a staff meeting, followed 
by one-to-one education for those unable to attend the 
staff meeting. Educational content included smart aims, 
creation of nursing protocol, preference of oral intake 
over IVF, recommended laboratory evaluation, ability 
to send labs via capillary sample, and NICU admission 
criteria. The triage desk, workstations, and staff huddle 
boards displayed copies of the CP as a visual reminder 
of the new workflow. To increase engagement, a group 
of interested attending physicians joined the QI team 
and received maintenance of certification credit for their 
participation.

During the initial implementation period, clinical staff 
received in-the-moment coaching and feedback when car-
ing for a child with hyperbilirubinemia, focusing primar-
ily on the early initiation of phototherapy and capillary 
blood specimen collection. Outcome data shared with 
clinical teams during huddles and staff meetings focused 
on success and areas for improvement.

Staff Surveys
Staff completed anonymous Likert scale surveys elec-
tronically before and 60 days after the CP’s introduc-
tion. (See Figure 2, Supplemental Digital Content 2, 
http://links.lww.com/PQ9/A609.) Responses included 
self-report of ED role, length of time working in the 

ED, and knowledge of hyperbilirubinemia, including 
risk factors, complications, the likelihood of placing 
an IV, and satisfaction regarding the management of 
hyperbilirubinemia.

Measures
The primary outcome measure was the time from ED 
arrival to phototherapy initiation. The secondary out-
come measure was the percentage of patients who 
received IVF. The process measure was nursing order 
utilization rates. The balancing measures were time from 
rooming to disposition decision and HLOS. Time from 
ED rooming-to-disposition was measured rather than the 
entire ED LOS because LOS is dependent on ED volumes 
and discharge processes outside the scope of this work. 
With newly established IV placement and laboratory 
assessment standards, keeping track of these balancing 
measures was important to ensure timely care decisions.

Data Collection
All patients with a chief complaint of jaundice or hyper-
bilirubinemia ≤14 days of age were included in the data 
analysis unless they had a concurrent chief complaint of 
weight loss, lethargy, abdominal mass, reduced appetite, 
decreased urination, dehydration, fever, or low body tem-
perature. We monitored pathway adherence and outcomes 
in a dashboard. Because phototherapy initiation was not 
documented in a standardized location in the baseline 
period, the time of initiation was extracted manually in 
the baseline and verified for all patients in the postim-
plementation phase. De-identified data were maintained 
in an ongoing spreadsheet. Identified outliers and manual 
chart audits assessed process barriers at the project’s out-
set. Data collection included staff surgery responses.

Data Analysis
Descriptive statistics compared demographic differ-
ences between pre- and postimplementation groups 
(Table 1). We analyzed demographic data using “R” 
software (R version 4.2.2; The R Foundation, r-proj-
ect.org). An independent t test compared patients’ ages, 
and chi-square goodness of fit tests identified whether 
the 2 groups were disproportionately characterized by 
sex or race/ethnicity.

Table 1.  Patient Demographics of the Entire Neonatal Population and before and after CP Implementation

Total Population (N = 387) Pre-CP (N = 83) Post-CP (N = 304) P

Age 4.48 (1.78) 4.55 (1.70) 4.47 (1.80) 0.70
Race/ethnicity 0.92
 � Black/African American 98 (25%) 20 (24%) 78 (26%) —
 � White/Caucasian 209 (54%) 48 (58%) 161 (53%) —
 � Asian 30 (8%) 6 (7%) 24 (8%) —
 � American Indian 1 (<1%) 0 (0%) 1 (<1%) —
 � Other 49 (13%) 9 (11%) 40 (13%) —
Sex 0.45
 � Male 205 (53%) 47 (57%) 158 (52%) —
 � Female 182 (47%) 36 (43%) 146 (48%) —

http://links.lww.com/PQ9/A609


Miller et al • Pediatric Quality and Safety (2024) 9:6;e774	 www.pqs.com

5

We tracked and graphed time measures monthly using 
X-BAR S statistical process control charts, whereas pro-
portion measures were tracked with P-charts. Standard 
rules determine if changes result from common or spe-
cial cause variation. Control charts were created using 
QI-charts V.2.0.23 software (Scoville Associates, 2009) 
for Microsoft Excel (Microsoft, 2016). Fisher’s chi-
square test calculated whether a statistically significant 
difference was present in demographics pre- and postim-
plementation using IBM SPSS Statistics (IBM) and Social 
Science Statistics’ Easy Fisher’s Exact Test Calculator 
(Socscistatistics.com, 2023). Staff survey data analysis 
was completed using “R” software. Based on statistical 
analysis indicating the pre- and postsurvey responses 
were not normally distributed, Mann–Whitney U tests 
compared response differences.

RESULTS
In the baseline phase from July 2019 to June 2020, the 
cohort included 83 infants; in the implementation phase 
from July 2020 to November 2022, the cohort included 
304 infants, with 26 excluded. Demographic charac-
teristics were similar in the pre- and postimplementa-
tion groups (Table 1). The time to initiate phototherapy 
decreased from an average of 136–49 minutes in July 
2020 after provider feedback and was sustained through-
out the report (Fig. 2; see Figure 3, Supplemental Digital 
Content 3, http://links.lww.com/PQ9/A610). The pro-
portion of patients who received IVF decreased from 
a mean of 31%–12% in July 2020, which reflected the 
initial provider acknowledgment of pathway recommen-
dations. This improvement continued throughout the 
project (Fig. 3). The time from patient rooming-to-dispo-
sition decision decreased by 63 minutes from an average 
of 185–122 minutes (Fig. 4; see Figure 4, Supplemental 

Digital Content 4, http://links.lww.com/PQ9/A611). 
Nurses activated protocol orders for 63% of patients 
between July 2022 and November 2022.

Forty staff members completed the survey preimple-
mentation, and 25 staff members completed the survey 
post-CP implementation. Staff surveys identified the 
demographics of respondents, who were nurses and tech-
nicians (Table 2). Responses regarding 3 questions in the 
survey addressing participant knowledge of hyperbiliru-
binemia management, knowledge of complications, and 
risk factors indicated no differences before and after the 
CP introduction (P > 0.05). Satisfaction with the man-
agement of hyperbilirubinemia increased significantly 
following pathway initiation (pre: M = 2.25) and (post: 
M = 1.6), where lower scores are associated with greater 
satisfaction. Report of IV utilization decreased signifi-
cantly before and after implementation (pre: M = 2.7; 
post: M = 3.54). Lower scores indicate more frequent IV 
use (Table 2).

DISCUSSION
An ED neonatal hyperbilirubinemia CP improved time 
to phototherapy initiation by 65% (136 to 49 min). The 
improvements began with provider knowledge of goals 
and were augmented with the nurse-driven protocol 
implementation. Additionally, IVF rates decreased by 
60%. Standardization decreased venipuncture, and rese-
quencing of care all improved ED throughput by 63 min-
utes without increasing HLOS. The success could be due 
to the preexisting culture of accepting care standardiza-
tion using pathways and protocol orders for other disease 
processes.

Others have also shown that hyperbilirubinemia path-
ways can standardize care, reduce time in the ED, limit 
unnecessary diagnostic studies, and decrease the time 

Fig. 2.  Time to phototherapy initiation. X-bar chart showing the time from emergency department arrival to phototherapy before 
and after CP implementation. August 2019 was ghosted since it was a baseline outlier above the upper control limit. BPA, Epic Best 
Practice Advisory; EMR, electronic medical record; LCL, lower control limit; RN, registered nurse; UCL, upper control limit.

http://links.lww.com/PQ9/A610
http://links.lww.com/PQ9/A611
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from arrival to phototherapy initiation.16–18 Romero  
et al16 implemented ED and inpatient CPs to improve 
quality of care and included data from 186 patients. Time 
from ED arrival to phototherapy decreased from 101 to 
54 minutes. Similar to our work, 2 institutions utilized 
nurse-driven care to improve time to phototherapy and 
ED throughput.15,17 Only one of these institutions used 
standing nursing orders in a large pediatric ED to facili-
tate early diagnosis and decreased time to phototherapy.17 

Our initiative showed the reproducibility of their work 
conducted in a Canadian pediatric ED. Additionally, 
our methodology utilized the Institute for Healthcare 
Improvement model for improvement, including PDSA 
cycles of learning, which was a different design than both 
Wolff et al and Long et al.15,17

Education to optimize feeding with lactation specialists 
during business hours and collaborative agreement with 
hospital pediatrics decreased the use of IVF. HLOS did 

Fig. 3.  The proportion of patients who received intravenous fluids. P-chart for the proportion of patients who received intravenous 
fluids before and after implementation of the CP. EMR, electronic medical record; LCL, lower control limit; RN, registered nurse; UCL, 
upper control limit.

Fig. 4.  Time from ED room placement to disposition. X-bar chart for the time from emergency department rooming to disposition 
before and after CP implementation. EMR, electronic medical record; LCL, lower control limit; RN, registered nurse; UCL, upper 
control limit.
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not increase, and intermittent review of patient charts 
showed no inpatient IV placements and further labs were 
not drawn during the admission. Reducing the number of 
peripheral intravenous catheters placed in the ED likely 
contributed to improved throughput. Although this study 
did not assess patient satisfaction, IV placement, which 
can cause patient pain, parental anxiety, prolonged ED 
time, and place patients at increased risk for infiltrates, 
was decreased.

Nurse order set activation was the proxy for initiat-
ing the pathway and process adherence. Some patients 
arrived with outpatient laboratory results within 4 hours 
of ED presentation and did not require a repeat blood 
draw. For these patients, nurses could initiate photother-
apy without entering an order, and therefore, a lack of 
order set utilization does not necessarily indicate a lack of 
early phototherapy initiation. Additionally, in some cases, 
providers activated the order set before evaluating the 
patients because they were aware of pathway goals. These 
contributing factors likely allowed for overall improve-
ment in phototherapy initiation times even though nurses 
only applied protocol orders 63% of the time. Staff satis-
faction with patient management improved after pathway 
implementation, likely related to earlier care initiation 
and improved ED throughput. On the other hand, knowl-
edge of hyperbilirubinemia management, risk factors, and 
complications did not change as a result of interventions, 
likely because staff had a solid foundational understand-
ing of disease pathophysiology.18,19

ED room-to-disposition was initially a balancing mea-
sure because several variables impact ED time. Further 
laboratory evaluations or decisions regarding IV hydra-
tion could occur later in the ED course and prolong ED 
time. However, room-to-disposition time improved soon 
after implementation. ED overcrowding increases wait 
times, ambulance diversions, medical errors, mortality, 
safe patient care, and financial losses.19,20 This initiative 

improved ED throughput significantly. Therefore, the 
benefit of starting all patients on phototherapy and ceas-
ing phototherapy for patients who did not meet treatment 
thresholds outweighed the risks. Risks associated with 
phototherapy include skin rash, loose stool, overheat-
ing, dehydration, and retinal injury, which are unlikely 
if exposed to phototherapy for short periods wearing eye 
protection. This protocol exposed approximately 40% 
of patients unnecessarily to phototherapy; however, this 
was a brief exposure, and phototherapy ceased when lab-
oratory results were less than the phototherapy thresh-
old. As such, the benefit of early phototherapy initiation 
for the individual patient and ED flow outweighed the 
potential risk to the patient. In addition to low risk, the 
cost of disposable supplies associated with phototherapy 
was low, and families were not charged for phototherapy 
unless they were admitted because ED billing is by service 
bundles.

Limitations
This study had several limitations. First, we initiated 
phototherapy on all infants presenting with jaundice to 
prevent further rise in serum bilirubin levels, but some 
infants unnecessarily received phototherapy. The bene-
fits of this strategy outweigh the risks. Second, infants 
at higher risk with other illnesses or underlying diag-
noses were excluded from the pathway and thus could 
not benefit from the pathway. Third, this study did not 
measure family experience as an indication of increas-
ing quality of care. Fourth, this initiative may not be 
generalizable to all settings. Finally, the success of this 
pathway depended on continuous education, which can 
be a challenge in a busy ED with limited implementation 
resources.

A data collection limitation is that phototherapy ini-
tiation time measurement depends on appropriate EHR 
documentation. This documentation needed to be more 

Table 2.    Staff Survey Demographic and Response Analyses

Pretest (N = 40) Posttest (N = 25) Test-Statistic P 

Role
 � Registered Nurse 33 (83%) 20 (80%) — —
 � Technician 7 (17%) 5 (20%) — —
Years on unit
 � Less than 1 9 (23%) 5 (20%) — —
 � 1–5 23 (57%) 13 (52%) — —
 � 5–10 4 (10%) 6 (24%) — —
 � 10–20 2 (5%) 1 (4%) — —
 � 20+ 2 (5%) 0 (0%) — —
Hyperbilirubinemia knowledge
 � Neonatal 2.23 (0.83) 1.96 (0.46) 586 0.19
 � Complications 2.33 (0.80) 2.28 (0.68) 527 0.69
 � Risk factors 2.30 (0.82) 2.04 (0.46) 581 0.20
 � Satisfaction management 2.25 (0.78) 1.60 (0.58) 727 <0.001
 � Comfortable 1.58 (0.84) 1.63 (0.92) 462 0.78
 � Delayed treatment 2.63 (0.90) 3.04 (0.94) 367 0.06
 � PIV placement 2.70 (1.81) 3.54 (1.10) 289 0.006
CP
 � Satisfaction — 1.28 (0.46) — —
 � Use (% yes) — 22 (88%) — —
 � Satisfaction education — 9.40 (0.96) — —

*Hypothesis testing includes the Mann–Whitney U test.
PIV, peripheral intravenous.
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consistent in the baseline and early implementation 
phases, so charts had to be manually reviewed to deter-
mine start times. Order time was used when the EHR did 
not contain phototherapy start times, possibly leading to 
underestimated start times. This effect would have been 
greater in the baseline than in the postimplementation 
population.

CONCLUDING SUMMARY
Implementing a neonatal hyperbilirubinemia CP was 
associated with decreased phototherapy, IVF utilization, 
and ED time. Utilization of a nursing protocol to initi-
ate evaluation and treatment is effective. A modified CP 
implemented in children’s hospitals and community EDs 
can standardize the care of neonates with hyperbilirubin-
emia. We plan to scale this work by finding other oppor-
tunities for nurse-initiated protocols within our ED.
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