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Abstract 

Problem & Purpose: Neonates aged 35 0/7 weeks post-menstrual age (PMA) and greater 

admitted to a level III neonatal intensive care unit (NICU) suffer from repeated painful 

procedures daily for the evaluation of hyperbilirubinemia in the first week of life. 

Transcutaneous bilirubin (TcB) monitoring is a safe and noninvasive alternative that can 

decrease painful heel lances and provide accurate bilirubin measurements. According to a 

retrospective chart review conducted for a period from September to December 2020, 66% of 

eligible neonates cared for in the target NICU experienced painful heel lances for 

hyperbilirubinemia monitoring despite the availability of TcB monitoring. The purpose of this 

quality improvement project was to implement and evaluate the use of a hyperbilirubinemia 

algorithm for infants ≥ 35 0/7 weeks PMA to decrease the number of painful procedures in the 

NICU. Methods: Project implementation took place over a 15-week period in the Fall of 2021 in 

a 26-bed level III NICU in a Mid-Atlantic Metropolitan hospital. An interdisciplinary team was 

created to compose an algorithm and review the use of the bilimeter tool. Data collected pre- and 

post-implementation included the active ordersets, the use of TcB monitoring and the number of 

heel lances. Data was collected using electronically run data sets as well as manual chart audits 

on a weekly basis from the electronic health record. Results: A total of 52 neonates were 

included in this project. With use of the algorithm, 64% of neonates received TcB monitoring 

within the first 12-24 hours of life indicating a 55% decrease in the number of heel lances. 

Conclusions: The use of a hyperbilirubinemia algorithm with TcB monitoring resulted in a 

reduction of heel lances by more than half, leading to an overall decreased number of painful 

procedures.  

 



HYPERBILIRUBINEMIA ALGORITHM IN NICU 
 

 

3 

There are over 3 million live births every year in the United States and approximately 10-

15% require admission to the neonatal intensive care unit (NICU) (CDC, 2021). In the NICU, 

neonates experience an average of 7.5-17.3 painful procedures per day, with the most frequent 

being heel lances, venous or arterial blood draws, suctioning and peripheral intravenous catheter 

insertions (Cruz et al, 2016). Repeated painful procedures in the neonatal period can cause short-

term and long-term sequalae including physiologic instability, abnormal somatosensory and 

stress responses, and have detrimental impacts on neurodevelopment, behavioral, and social-

emotional outcomes (Lim et al, 2017).  

According to the American Academy of Pediatrics (2016), there are proven and safe 

therapies that can be done to minimize neonatal pain, however major gaps in knowledge among 

healthcare providers have caused these therapies to be underused. One recommendation is the 

implementation of a pain-prevention program that devises strategies for minimizing the number 

of painful procedures (AAP, 2016). Transcutaneous bilirubin monitoring (TcB) is a noninvasive, 

painless and easy to use screening tool to measure levels of jaundice that can be implemented as 

part of a pain prevention program.  

The proposed project setting is a 26 bed, level III-B NICU in a Mid-Atlantic 

Metropolitan hospital. The hospital delivers over 3,000 live births annually with approximately 

450-500 infants requiring NICU admission. Evaluation of hyperbilirubinemia occurs for all 

neonates ≥ 35 0/7 weeks post menstrual age (PMA) and is measured frequently during the first 

week of life (Figure 1). Despite the availability of the bilimeter device, the practice setting has 

identified variations in provider preference on its use as well as inconsistencies in the frequency 

in which bilirubin levels should be assessed.  
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To decrease procedural pain in this practice setting, a hyperbilirubinemia algorithm will 

be implemented as a formal pain prevention strategy with emphasis on the use of TcB 

monitoring. Evidence based research has shown that the implementation of TcB has reduced the 

need for blood draws by more than one third and subsequently reduced the incidence of neonatal 

pain (van den Esker-Jonker et al, 2016). The purpose of this quality improvement project is to 

implement and evaluate the use of a hyperbilirubinemia algorithm to decrease the number of 

painful procedures in the NICU by standardizing and increasing the use of TcB monitoring. 

Literature Review 

A review of the literature was conducted to evaluate the practice change being 

implemented (Table 1 & 2). There was sufficient literature on the accuracy of TcB monitoring, 

however there were inconsistencies in their target populations. There was also limited research 

on the development of a hyperbilirubinemia algorithm. Four studies were evaluated in the 

literature review for their target population, setting, intervention and outcomes. All four studies 

included a target population of term and near-term infants, 32 to 40 weeks PMA, admitted to a 

neonatal intensive care unit and with no other exclusion criteria. Two systematic reviews 

evaluated the accuracy of total serum bilirubin (TSB) versus TcB monitoring. Both reviews 

concluded the similarity of bilirubin results using both measures in the target population (Hynes 

et al, 2020; Nagar et al, 2016). Among preterm infants 32 to 37 weeks PMA, Hynes et al (2020) 

found among nine quantitative studies a moderate to strong correlation of accuracy between TcB 

and TSB valuation during phototherapy. Nagar et al (2016) noted moderate correlation of TcB 

versus TSB in 14 studies during phototherapy with marginal improvement in the post-

phototherapy phase in four studies. Secondary outcomes of Hynes et al (2020) systematic review 
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demonstrated reductions in neonatal pain, reduced blood sampling and cost effectiveness of TcB 

monitoring.  Nagar et al (2016) had no secondary outcomes to report.  

Two randomized control trials evaluated whether TcB monitoring would reduce the need 

for blood sampling in the neonatal population (Esker et al, 2020; Mishra et al, 2009). Both 

studies produced consistent and generalizable results that concluded TcB monitoring to be a safe 

and reliable measurement of jaundice in the neonate that also offers a reduction in blood draws. 

The study conducted by Esker et al (2020) determined a 38.5% reduction in blood draws among 

neonates 32 weeks PMA and greater, while Mishra et al (2009) found a reduction in blood draws 

by 34% in neonates greater than 35 weeks PMA. Both studies shared similar weaknesses. A lack 

of blinding in the design of their study could cause a potential invocation of bias. Inter-observer 

variability was also questioned through the large number of participating healthcare providers 

that provided clinical evaluation of jaundice. Although this may threaten internal validity, it can 

also speak to the fidelity of the evidence in that despite the variability in providers, there was still 

a significant reduction in blood draws.  

A major limitation of the literature review was the outdated randomized control trial by 

Mishra et al (2009). However, the evidence from this study remained consistent with later 

research and therefore was included in this review. Based on a review of literature, there is 

adequate evidence supporting the use of transcutaneous bilirubin monitoring in the neonatal 

population for the evaluation of hyperbilirubinemia. The overall good quality evidence has 

revealed good to strong correlation between TcB and TSB valuations as well as significant 

reductions in the number of blood draws.  

Theoretical Framework 
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The Theory of Unpleasant Symptoms by Lenz et al (2018) is a middle range practice theory 

that was developed to illustrate the multidimensional nature of symptoms and how they affect 

individuals on a physiologic, psychologic and situational level (Figure 2). This theory is 

comprised of three major concepts including symptoms, influencing factors and performance 

outcomes. To better understand the practice problem, the Theory of Unpleasant Symptoms can 

be applied. The first concept of symptoms refers to neonatal pain. The theory indicates that 

symptoms are those that are subjectively perceived by the patient, including quality, intensity, 

duration and distress. The second concept of influencing factors are described as those beyond 

the physical state which includes age, gender, mood, cognition and environment. Thirdly, 

performance outcomes are a measurement of how the symptoms and influencing factors affect 

the individual experience. The complexity of neonatal pain is defined through the relationship 

between the influencing factors of pain, perception of symptom occurrence and overall outcome 

of the painful experience, or performance. Each of the three concepts influenced the others 

indicating that an intervention on any one aspect would inevitably affect the others. The use of 

TcB monitoring provided the necessary hyperbilirubinemia evaluation, but it eliminated the need 

for painful heel lances and decreased the incidence of pain felt by the neonate.  

The Framework for Complex Innovation by Helfrich, et al (2007) is used as a guide for 

implementation of a practice change (Figure 3). According to the framework, for an 

implementation to be successful, adoption occurs at the organizational level, where entities 

possess a shared perception of the goals and tasks. Performance outcomes may be directed at 

individuals, but the determination to accept or reject the innovation comes from the organization. 

In this practice setting, the organizational climate included nurses, neonatal nurse practitioners 

and physicians who promoted and supported the use of TcB monitoring to decrease painful 
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procedures. An effective team with shared perceptions worked to facilitate implementation 

effectiveness.  

Methods 

Project implementation took place over a 15-week period in the Fall of 2021 in a 26-bed 

level III NICU in a Mid-Atlantic Metropolitan hospital. The target population included all infants 

born ≥35 0/7 weeks gestation admitted to the NICU. There were no other inclusion criteria. 

Excluded from the study were all infants less than 35 weeks’ gestation and infants that required 

management of conditions that increased the risk for rapid increase in bilirubin levels, such as 

ABO incompatibility, subgaleal bleeds, cephalohematomas, or hypoxic events. Other exclusion 

criteria included direct admissions to the NICU from the pediatrician’s office for 

hyperbilirubinemia management and infants with a less than 24 hour length of stay.  

Led by the quality improvement project lead (QI-PL) an interdisciplinary team of registered 

nurses, neonatal nurse practitioners and physicians was created to compose a hyperbilirubinemia 

algorithm (Appendix A) and review the use of the bilimeter device. The hyperbilirubinemia 

algorithm was based on recommendations by the clinical practice guideline on the management 

of hyperbilirubinemia in the newborn by the American Academy of Pediatrics (2004). The 

algorithm focused on the use of TcB monitoring as a first line assessment tool for the evaluation 

of jaundice. TcB monitoring is a safe, noninvasive and painless way to measure bilirubin levels. 

It saved neonates from painful heel lances for serum monitoring and it provided immediate 

results for timely care management. Evidence has shown strong correlations between TcB and 

TSB values (Raba et al, 2020). The algorithm recommends ordering TcBs at 12-24 hours of life, 

follow up TcBs to be evaluated every 24 hours, and the TcB threshold for drawing a TSB.  
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An online educational module on the hyperbilirubinemia algorithm was provided to 21 

neonatal nurse practitioners and 65 registered nurses who facilitated the practice change. Staff 

members were required to view the module and attest to its viewing. Attending physicians, PRN 

staff and moonlighter staff were excluded from the education and data collection as their rotating 

schedules amongst area hospitals offered unpredictable presence in this practice setting. Nurse 

practitioners were additionally provided with instructions on how to order TcB monitoring using 

an existing order set in the electronic health record and where the results would populate. 

Registered nurses were provided with a video demonstration of the proper use of the bilimeter 

device as well as instructions on where to manually input the results in the electronic health 

record, as these results were not automatically synced with the patient’s chart.  

Monitoring the progression of the implementation was achieved through weekly data 

collection and subsequently entered into run charts to identify trends. Staff education compliance 

was monitored using an automated electronic report provided by the practice site’s online 

learning platform (Appendix B). Daily unit reminders and weekly emails were tactics used to 

promote staff education.  

The occurrence of TcB ordering by nurse practitioners as well as the number of neonates 

receiving TcB monitoring was tracked using manual chart audits of the electronic health record 

(Appendix C). Specific attention was paid to the time frame of the first TcB measurement and 

how many subsequent TcBs were ordered. According to the hyperbilirubinemia algorithm, all 

eligible neonates should have a TcB measurement ordered and measured at 12-24 hours of life. 

Daily unit huddles were held to offer reminders of the algorithm, weekly emails were sent with 

project updates and monthly feedback discussion were held to address any barriers. A measure 
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that was taken to address the staff burden was the relocation of the bilimeter device to a central 

location on the unit to facilitate increased usage.  

The primary process measure tracked was the occurrence of TcB monitoring and the 

primary outcome measure was the percentage of neonates receiving heel lances for 

hyperbilirubinemia monitoring. This information was collected by the QI-PL on a weekly basis 

using manual chart audits. Biweekly meetings were held between the QI-PL, clinical site 

representative and change champions to evaluate the progress of the implementation and to 

brainstorm new strategies and tactics for improving adherence to the algorithm. A colorful 

posterboard was posted at the main nurses’ station and the nurse practitioner office to offer a 

visual reminder of the algorithm (Figure 4). Sweet treats were brought into the unit as incentives 

and text messages were sent by the CSR and change champions to connect with colleagues in a 

less formal way.  

All project data was recorded and stored in a secure data management spreadsheet on a 

password protected device accessible only by the QI-PL. Confidentiality was achieved by a 

paper key code document to deidentify patients and staff members and was stored in a locked file 

box on the unit only accessible by the QI-PL (Appendix D). Weekly review of electronic data 

and manual chart audits were performed in a private office using a computer with a privacy 

screen. At the completion of the project, the paper key code document was destroyed.  

Results 

The QI project implementation focused on structure and process measures affecting the 

management of hyperbilirubinemia. The project’s goals were to optimize the use of TcB 

monitoring using an evidence-based hyperbilirubinemia algorithm and to decrease the number of 

painful heel lances. An educational module was provided to neonatal nurse practitioners and 
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clinical nursing staff (n=86) with information on the algorithm and instructions for the bilimeter 

device. A statement of attestation was required upon completion. Staff education was tracked for 

the first six weeks of project implementation. During that time, staff members expressed 

concerns with not having enough time during their workday to view the educational module as 

the unit was busy with high acuity patients. As a result, modifications were taken including 

reminders on how to access the learning platform from home to allow for an alternative viewing 

place and additional time was allotted during mandatory annual nurse competencies for module 

completion. There was a 46.5% overall completion rate at the end of six weeks.  

The primary process measures evaluated in this project were the use of TcB monitoring 

in the first 12-24 hours of life and subsequent TcB monitoring. The primary outcome measure 

evaluated was the percentage of heel lances. Prior to implementation, TcB monitoring was used 

in 20% of neonates. During implementation, the use of TcBs increased to 64% (Figure 5). This 

trend in TcB monitoring also indicated an improvement in ordering practices of the algorithm by 

neonatal nurse practitioners. The use of subsequent TcB monitoring following the initial value at 

12-24 hours of life showed an increase from 0% to 38% during the implementation phase (Figure 

6). The percentage of heel lances for hyperbilirubinemia management decreased from 80% prior 

to implementation, to 36% post-implementation (Figure 7).  

There were several challenges that occurred during implementation that may have 

contributed to project outcomes. Staff adherence was the most significant barrier and was largely 

due to conflicting opinion and preferences. There were some questions of validity and reliability 

of the bilimeter device, as well as concern for a disruption in workflow. Halfway through the 

project’s implementation, adherence to the algorithm varied due to concerns from nursing staff 

that the implementation had created an additional workload burden. Feedback discussions were 
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held with staff to address their concerns and brainstorm solutions. Complications with supply 

chain existed and affected the availability of device cartridges. Often cartridges were out of stock 

and the bilimeter could not be used. There was also an issue with electronic health record (EHR) 

documentation in that the TcB results were not automatically uploaded, adding an extra step for 

nursing staff. There was a potential for missing documentation if staff forgot to manually input 

the results. This was unable to be addressed as an EHR change would have taken more time than 

the allotment of the project.  

Discussion 

The literature showed that TcB monitoring is an effective pain prevention strategy in that 

it reduces the need for painful procedures for the management of hyperbilirubinemia (Shah et al, 

2019). The evidence-based hyperbilirubinemia algorithm developed for this project, standardized 

the use of TcB monitoring and highlighted its effects on pain prevention in the neonate. 

Implementation of the algorithm combined with TcB monitoring demonstrated a 55% decrease 

in heel lances for the evaluation of hyperbilirubinemia monitoring. Increased staff adherence to 

the algorithm as well as staff awareness to neonatal pain was also evidence by the substantial 

decrease, despite the poor staff education completion scores. Improvements in staff behaviors for 

the assessment of neonatal pain and identifying the need for pain management and prevention, 

are consistent with the literature (AAP, 2016). 

The increased use of TcB monitoring and the decreased number of painful heel lances 

was substantial, however limitations still existed. The sample size of the project, although 

adequate, was affected by the variability of the unit census due to unpredictable admission rates, 

gestational ages and diagnoses. The sample size accounted for 12% of the NICU’s annual 

admission rate which was significantly lower than the projected 30% that was anticipated for this 
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time frame. Exclusion criteria became an unforeseen barrier during project implementation. 

ABO incompatibility, subgaleal bleeds, cephalohematomas and hypoxia were exclusions agreed 

upon by the multidisciplinary team during the development of the algorithm. However, once data 

collection began, length of stay less than 24 hours and direct admission from primary care for 

hyperbilirubinemia management, were realized and needed to be excluded. Due to these 

additions, 3% of eligible neonates fell into exclusion criteria. 

Conclusion 

The introduction of a hyperbilirubinemia algorithm standardized the use of TcB 

monitoring and reduced heel lances by more than half. Implementation of the algorithm 

increased staff awareness of neonatal pain and the importance of using pain management 

interventions. The main strength of the project was the familiarity with the bilimeter device. The 

device was already used in practice and an active orderset had previously been established, 

therefore implementation was focused on inclusion into unit policy and optimizing its use. The 

recommendation was made to add the TcB orderset to the automatically populated admission 

orderset, to promote TcB use and encourage sustainability. Other sustainability measures 

included improvements to supply chain methods for obtaining device cartridges and establishing 

pain management as a quality indicator to be tracked through monthly audits.  

Major barriers to the project were staff compliance and increased workload burden. 

Recommendations to address these barriers included adding the hyperbilirubinemia algorithm 

education in annual nursing competencies as well as electronic health record changes for 

documentation of TcB values. Recommendations for the continuation of this project or for future 

projects should focus on barriers related to increased workload and staff compliance. Other 

potential project ideas that stemmed from this research include a reduction in the frequency of 
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neonatal blood draws, cost effectiveness of TcB monitoring, and the use of TcB monitoring after 

phototherapy. 
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Table 1 
Evidence Review Table 
 

Citation: Hynes, S., Moore, Z., Patton, D., O’Connor, T., and Nugent, L. (2020). Accuracy of transcutaneous bilirubin versus serum 
bilirubin measurement in preterm infants receiving phototherapy; A systematic review. Advances in Neonatal Care, Vol 00(0), p 1-
9. DOI:10.1097/ANC.0000000000000738 

Level I 
 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

The purpose is “to 
systematically review 
studies that measure 
TcB versus TSB 
bilirubin in preterm 
infants who are 
receiving 
phototherapy.” 
 

Systematic review 
without meta-analysis 

Search Strategy: A 
search was completed 
using Cumulative Index 
to Nursing and Allied 
Health Literature 
(CINAHL), Medical 
literature On-Line 
(Medline), PubMed, the 
Excerpta Medica 
database (EMBASE), 
and Cochrane library. 
No date limitations 
were placed and the 
only exclusions were 
non-English & adult 
studies. Search terms 
used were “jaundice”, 
“hyperbilirubinemia”, 
“bilirubin”, 
“phototherapy”; 
“bilimeter”, 
“transcutaneous 
bilimeter”, 
“bilirubinometry, 
“bilirubin 
measurement”, “TcB”; 
“premature”, “preterm”, 
“infant”, “neonatal”, 
“neonatal intensive care 
unit (NICU)”. The 

Control: No control 
data was included in the 
systematic review 
Intervention: The 
interventions of the 
studies involved the 
measurement of 
bilirubin using the TcB. 
There were several 
different brands of 
monitors used 
including: 6 Bilichek 
(Philips, Amsterdam), 2  
JN-105 (Drager, 
Lubeck) and 1 JH-20 
IA (David Medical 
Device Co Ltd, 
Ningbo).  
Protocol: Not 
applicable to systematic 
review critique  
 
 

DV: The primary 
outcome for all 9 
studies was an 
assessment of accuracy 
of the TCB versus TSB 
in preterm infants 
receiving phototherapy. 
Each study focused on 
a different secondary 
outcome (Pain 
reduction using TCB, 
different sites for TCB 
monitoring, time 
reduction, and cost 
reduction). 

Measurement tool: 
TCB measurement tool 
varied amongst the 
studies - 6 Bilichek 
(Philips, Amsterdam), 2  
JN-105 (Drager, 
Lubeck) and 1 JH-20 
IA (David Medical 
Device Co Ltd, 
Ningbo).  

Level of 

Measurement: 
Meta-analysis was not 
possible due to the lack 
of randomized control 
trials. 7 studies used 
correlation coefficients 
(CC) to analyze their 
results. 5 used Bland- 
Altman plots. 1 used 
Spearman 
nonparametric 
regression. The P value 
was utilized in the 
analysis of the results in 
all studies. The results 
of the P value varied 
from <.0001 to .05.  
Outcome Data 

Retrieval: Independent 
data analysis by a 
secondary reviewer was 
completed.  
Analysis: Analysis was 
performed on the 
accuracy of TCB on 
areas of exposed and 
unexposed skin during 
phototherapy. Results 
varied among studies 
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search criteria 
identified 892 articles. 
# Eligible: 9 articles 
were eligible for review 
Included: inclusion 
criteria consisted of 
studies that were 
written in English 
language, investigated 
preterm infants less 
than 37 weeks’ 
gestation that had 
hyperbilirubinemia and 
were receiving 
phototherapy (PT) or 
had received PT in the 
last 24 hours. Variation 
in study design amongst 
the included articles 
were - 5 prospective, 2 
correlational, 1 
observational, and 1 
cross-sectional. All 
studies were completed 
in the NICU on preterm 
infants <37 weeks, who 
were on or had been on 
phototherapy.  
Excluded: studies that 
were excluded were 
those that had infants 
greater than or equal to 
37 weeks’ gestation, 
preterm infants less 
than 37 weeks’ 
gestation that were not 
or had not received PT 
and studies that were 
not written in the 
English. 

with p values ranging 
from <.0001 to .05.  
Conclusion: This 
systematic review 
found a strong 
correlation and 
statistically significant 
results between TCB & 
TSB in preterm infants 
receiving phototherapy.  
Systematic Review 

Bias Risk: Quality 
appraisal was used to 
ensure the validity and 
reliability of the 
included studies as well 
as to ensure the 
reduction of bias. The 
evidence based 
librarianship (EBL) was 
used and quality 
appraisal was 
secondarily reviewed 
by the research 
supervisor.  
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Power analysis: not 
applicable to systematic 
reviews                                                                 

Citation: Mishra, S., Chawla, D., Agarwal, R., Deorari, A. K., Paul, V. K., and Bhutani, V. K. (2009). Transcutaneous 
bilirubinometry reduces the need for blood sampling in neonates with visible jaundice. Acta Paediatrica, 98(12), 1916–1919. 
https://doi.org/10.1111/j.1651-2227.2009.01505.x  

Level II 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

“We hypothesized that 
routine use of 
transcutaneous 
bilirubinometry will 
decrease the need for 
blood sampling to assay 
STB in the management 
of jaundiced healthy 
term and late-preterm 
neonates.” 

Randomized control 
trial  

Sampling Technique:  
Convenience sampling 
with randomization by 
a web-based random 
number generator  
# Eligible: 944 
neonates were assessed 
for eligibility based on 
the following criteria: 
≥35 weeks gestation & 
visibly jaundiced. 
# Accepted: 617 were 
accepted and included 
in the trial.  
Excluded: Neonates 
were excluded if they 
had Rh hemolytic 
disease, were admitted 
to the NICU for more 
than 24 h, had major 
congenital mal- 
formations or prior 
phototherapy use. 
# Control: 303 
neonates were 
randomized to the 
control group with a 
visual assessment for 
bilirubin (VaB) 
# Intervention: 314 
neonates were 
randomized to the 

Control: jaundice was 
evaluated by visual 
assessment & 
subsequent serum 
bilirubin level if the 
level of jaundice 
exceeded 80% of hour-
specific phototherapy 
level. 
Intervention: The 
intervention group was 
evaluated by visual 
assessment and then an 
immediate TCB 
measurement.  
Intervention Fidelity: 

Both groups followed 
the same visual 
assessment protocol 
every 8-12 hours in 
adequately lit room 
focusing on color of 
integument before and 
after blanching.  

DV: The primary 
outcome is decreasing 
the need for blood 
sampling to assay STB 
in each group. The 
secondary outcome was 
to analyze the 
performance of the two 
non-invasive techniques 
in comparison to STB.  
Measurement tool: 
Visual assessment was 
performed by a trained 
pediatrician with at 
least five years of 
clinical experience and 
specific training for 
VaB. VaB is a 
systematic assessment 
that uses a semi-
quantitative algorithm 
adapted from Kramer’s 
original description. 
Skin over bony 
prominences was 
blanched to reveal 
underlying skin color 
Color was assigned as 
pale, lemon yellow or 
orange yellow. Each 
VaB was immediately 
followed by 

Statistical Procedures 

and Results: 
There was a significant 
reduction of 34% in the 
need for blood 
sampling to assess STB 
in TcB group compared 
with VaB group (p = 
0.008)  
Both VaB and TcB 
determinations had a 
significant correlation 
with measured STB 
(correlation coefficient: 
0.78, p < 0.001 & 0.76, 
p < 0.001 respectively)  
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intervention group for 
transcutaneous bilirubin 
determination (TcB) 
Power analysis: In 
order to demonstrate a 
40% reduction in blood 
sampling, 492 
participants in each 
group were required to 
meet 80% power and 2-
sided significance of 
5%. Power analysis was 
not met 
Group Homogeneity: 

Birth weight, 
gestational age and 
postnatal age were 
comparable between 
both intervention and 
control groups.  

measurement of TcB. 
TcB was obtained using 
BiliCheck. 
  
Provider had the 
authority to override the 
research protocol and 
order a serum level at 
any time to safeguard 
the patients.  

Citation: Nagar, G., Vandermeer, B., Campbell, S., & Kumar, M. (2016) Effect of phototherapy on the reliability of transcutaneous 
bilirubin devices in term and near term infants: a systematic review and meta-analysis. Neonatalogy 2016, 109:203-212. 
https://doi.org/10.1159/000442195 

Level I 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

The purpose of the 
study is “to conduct a 
systematic review of 
studies comparing TcB 
devices with total 
serum bilirubin (TSB) 
in infants receiving 
phototherapy or in the 
post phototherapy 
phase”. 
 

Systematic Review and 
Meta-Analysis   

Search Strategy: A 
search of databases was 
conducted including 
MEDLINE, EMBASE, 
Cochrane Library, 
CINAHL and Scopus. 
Key words and 
concepts searched were 
neonatal, 
bilirubinometers, 
transcutaneous, total 
serum bilirubin and 
phototherapy. 

Control: No control 
data was included in the 
systematic review 
Intervention: The 
interventions of the 
studies included the 
correlation of TcB & 
TSB valuation during 
and after phototherapy, 
proper TcB site 
assessments and the 
decreased need for 
blood sampling.   

DV: The primary 
outcome for all 14 
studies was an 
assessment of accuracy 
of the TCB versus TSB 
in term and near-term 
infants during and after 
phototherapy. Better 
correlations were also 
noted at the forehead 
site. Each study focused 
on a different secondary 
outcome (Pain 
reduction using TCB, 
different sites for TCB 

Level of 

Measurement: 
The data was meta-
analyzed from 
correlation coefficients 
and from the Bland-
Altman difference 
plots. 2 separate meta-
analyses were 
conducted on the site of 
measurement being 
covered and uncovered 
and for the two 
commonly used sites of 
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# Eligible: 14 studies 
were eligible for 
review. 
Included: studies that 
involved infants ≥34 
weeks gestational age 
and compared TcB 
results to TSB 
estimation during the 
neonatal period while 
receiving phototherapy. 
Excluded: pilot studies 
and studies that 
included all gestational 
ages 
# Accepted: 14 studies 
Power analysis: not 
applicable to systematic 
review                                                                                    
 

Protocol: Not 
applicable to systematic 
review critique  
 

monitoring, time 
reduction, and cost 
reduction). 
Measurement tool: the 
majority of TcB devices 
used were older devices 
that are no longer in 
practice. (Minolta 
Airshields 
Jaundice/Bilirubin 
Meter, i.e. JM 101) 
 

measurement, the 
forehead and sternum.   
Outcome Data 

Retrieval: Independent 
data analysis by a 
secondary reviewer was 
completed.  
Analysis: Meta-
analyses were 
performed using 
Review Manager 
version 5.2 software. 
The I2 statistic was 
calculated for each 
analysis to quantify 
heterogeneity across 
studies. Forest plots 
were created using 
SPlus Software version 
3.4 
Conclusion: This 
systematic review 
found a moderate  
correlation between 
TCB & TSB in term 
and near term infants 
during and after 
phototherapy.  
Systematic Review 

Bias Risk: Risk of bias 
assessments were 
conducted according to 
the QUADAS-2 
(Quality Assessment of 
Diagnostic Accuracy 
Studies) tool.  

Citation: van den Esker-Jonker, B., den Boer, L., Pepping, R.M., and Bekhof, J. (2016). Transcutaneous bilirubinometry in 
jaundiced neonates: A randomized controlled trial. Pediatrics, 138(6), DOI: 10.1542/peds.2016-2414  

Level II 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 
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“This study aims to 
quantify the reduction 
in blood draws as a 
result of implementing 
a TcB in hospitalized 
jaundiced neonates 
from 32 weeks of 
gestational age, 
compared with visual 
assessment with 
subsequent blood 
sampling for 
determination of SB.” 

Randomized control 
trial 

Sampling Technique:  

Convenience sampling 
using subgroup analysis 
with 2 sample size 
calculations and 2 
different populations 
(neonatal ward & 
maternity ward) 
# Eligible: 534 
newborns were 
assessed for eligibility 
based on the following 
criteria: ≥32 weeks, 
older than 24 hours but 
younger than 8 days 
with clinically 
observable jaundiced 
skin 
Excluded: newborns 
with hemolytic disease, 
clinical kernicterus, 
congenital anomaly on 
the sternum, had earlier 
treatment with 
phototherapy, or had 
previous blood 
sampling for serum 
bilirubin.  
# Accepted: 430 
jaundiced newborns 
were randomized by a 
computer 
randomization program 
and included in the 
intention-to-treat 
analysis: 254 from the 
maternity ward and 176 
from the neonatal ward.  
# Control: 217 
newborns allocated & 

Control: serum 
bilirubin draws were 
determined by visual 
and clinical assessment 
of the newborn by the 
physician. The need for 
phototherapy was 
determined by plotting 
the SB on the Dutch 
National Guideline. 
Intervention: sternal 
TCB was used when 
jaundice assessed by 
visual and clinical 
evaluation. Serum 
bilirubin was drawn if 
the TcB value was <50 
μmol/L below the 
applicable threshold for 
phototherapy. The need 
for phototherapy was 
determined by plotting 
the SB on the Dutch 
National Guideline. 
Intervention fidelity:  
35 health professionals, 
including pediatricians, 
NPs and residents, 
worked on these units 
over the 2 year study. 
Each of them used their 
own clinical judgement 
to evaluate and assess 
for jaundice of the 
newborns. Differences 
between their visual 
assessment as well as 
their thresholds to order 
serum levels may have 
existed. Each provider 

DV: The primary 
outcome is the number 
of blood draws taken 
for determination of 
serum bilirubin before 
the initiation of 
phototherapy. 
Secondary outcomes 
include the highest 
bilirubin value, age at 
the time of the first 
bilirubin measurement, 
treatment with 
phototherapy or 
exchange transfusion, 
and length of hospital 
stay.  
 
Measurement tool 

(reliability), time, 

procedure: TCB was 
measured using the Air-
Shields Jaundice Meter 
103. No information 
provided on the 
education of the 
providers on the proper 
use of the TCB tool. 
Additionally, standard 
of care allowed each 
physician to override 
the protocol and write 
for serum levels to be 
drawn at any time to 
ensure the safety of the 
newborns. 

Statistical Procedures 

and Results: The 
number of blood draws 
in the TCB group was 
significantly reduced by 
38.5% compared with 
control (mean ± SD: 0.9 
± 1.1 vs 1.3 ± 1.0, 
difference –0.5 (95% 
confidence interval [CI] 
–0.7 to –0.3), P < .001).  
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received control; 90 
from the neonatal ward, 
127 from the maternity 
ward 
# Intervention: 213 
newborns allocated for 
intervention; 85/86 
allocated from the 
neonatal ward received 
intervention; 124/127 
allocated from the 
maternity ward 
received intervention.  
Power analysis: using 
a sample size 164 
newborns in the 
neonatal ward and 438 
in the maternity ward it 
should be able to find a 
30% reduction in blood 
draws, with a power of 
80% (1 – β) and a 
significance level of 5% 
(α = 0.05) – power 
analysis was met for the 
neonatal ward 
minimizing the risk of 
type II error. Power 
analysis was not met 
for the maternity ward.                                                                         
Group Homogeneity: 

Intervention and control 
group are homogenous 
based on non-
significant p values of 
demographic and 
clinical characteristics 

could override the 
protocol and write for 
serum levels to be 
drawn at any time to 
ensure the safety of the 
newborns 

 
 
 



HYPERBILIRUBINEMIA ALGORITHM IN NICU 
 

 

23 

Table 2 
 
Synthesis of Evidence Table 

Evidence Based Practice Question (PICO):  In newborns ≥ 35 0/7 weeks gestation, does transcutaneous bilirubinometry in the assessment for 
hyperbilirubinemia, when compared to total serum bilirubin levels, decrease the number of painful procedures in the first week of life?  
Level of 
Evidence 

# of 
Studies Summary of Findings Overall Quality 

I 2 

Overall, the majority of studies found in the 
systematic reviews by Hynes et al. (2020) & Naggar 
et al (2016) demonstrated a moderate to strong 
correlation between TCB and TSB measurements in 
the near term and term infant during and after 
phototherapy. Both reviews also focused on the 
accuracy of TCB on exposed versus unexposed skin 
during phototherapy. Strong correlation was found 
between TCB on the unexposed forehead compared 
to a TSB value.  
 
 

C – This systematic review included nine quantitative studies of 
varying design. No randomized control trials or meta-analyses 
were reviewed. Validity and reliability of the studies were 
determined by the EBL critical appraisal tool which evaluated 
each study based on population, data collection, study design and 
results. Five of the nine studies were deemed invalid based on a 
<75% rating questioning the validity and reliability of this review. 
This was largely due to inadequate sample sizing, limited data on 
participant selection, poor generalizability of results and the lack 
of suggestion for additional research. The overall results were 
consistent with other literature however it highlighted the need for 
additional, larger studies to be conducted.  
 
B - The systematic review by Naggar et al (2016) received a B 
quality rating of evidence for sufficient sample size, consistency in 
results, with fair conclusions and recommendations. One of the 
weaknesses was its lack of data in the form of Bland-Altman 
plotting 
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II 2 

Randomized control trials by Esker et al. (2020) and 
Mishra et al. (2009) concluded TCB to be a safe and 
reliable measurement of bilirubin in the neonate with 
a 38.5% and 34% reduction in blood draws 
respectively.  
 

B – Good quality evidence was found in both randomized control 
trials for their adequate sample sizing, control groups, consistent 
and generalizable results and the inclusion of recommendations for 
practice and further research.  
 
The lack of adequate power for both studies warranted a lower 
quality rating. 
 
Sample size was a concerning weakness for Esker et al. (2020). 
This was impacted mid-study due to a due to the lack of available 
research personnel. The authors nevertheless believed the size to 
be sufficient enough to reduce the risk of type II error.  
 
A shared weakness in both studies questions inter-observer 
variability and offers a threat to internal validity. Both studies 
utilized a large number of participating healthcare providers to 
evaluate levels of jaundice by independent clinical assessment, 
which could be the reason for the lack of blinding and possible 
provocation of bias.  
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Figures 

 
Figure 1 
Process Map 

 

 
Note. Process map illustrating current unit practice for the evaluation of hyperbilirubinemia 
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Figure 2 
QI theoretical framework 

 
Note. Adapted from The Theory of Unpleasant Symptoms by Lenz et al, 2018 
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Figure 3 
Framework for implementation of a practice change  

 
Note. Implementation science theoretical framework adapted from Helfrich et al, (2007) 
Framework for Complex Innovations  
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Figure 4 

Unit Posting 

 

Note. Colorful posterboard posted at the main nurses’s station and nurse practitioner office as a 

reminder of the project.  
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Figure 5 

Percentage of infants receiving TcB at 12-24 HOL 

 

 

Note. Run chart describing the percentage of infants receiving TcB monitoring at 12-24 hours of 

life according to the hyperbilirubinemia algorithm 
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Figure 6 

Percentage of infants receiving subsequent TcB monitoring 

 

Note. Run chart describing the percentage of infants receiving subsequent TcB monitoring 

according to the hyperbilirubinemia algorithm 
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Figure 7 

Percentage of infants receiving heel lances 

 

 

Note. Run chart describing the percentage of infants receiving heel lances for hyperbilirubinemia 

monitoring 
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Appendix A 

Hyperbilirubinemia algorithm 
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Appendix B 
 

Staff Education Data Collection Tool 
 

                 Staff Nurses 
Week of Audit Numeric Code Module Completed 

     
      

     
      

 
 

     Neonatal Nurse Practitioners 
Week of 
Audit Numeric Code Module Completed 
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Appendix C 
 
 
Chart Audit Collection Tool 
 
Week of 
Audit 

Patient 
Code 

GA DOL TCB 
orderset 
present 
(Y/N) 

TCB 
obtained 
at 12 
hours of 
life 
(Y/N) 

      
      
      
      

 
 
 
Subsequent 
TCBs 
obtained 
(Y/N) 

Total # 
of TCBs 
obtained 

TCB 
>10mg/dL 
(Y/N) 

TSB 
obtained 
(Y/N) 

Total # 
of TSBs 
obtained 

Phototherapy 
Initiated 
(Y/N) 

      
      
      
      

 
Key 
GA – gestational age; DOL – day of life; TCB – transcutaneous bilirubin; TSB – total serum 
bilirubin 
Y=1; N=2 
 
Note. One spreadsheet encompassed all the above information 
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Appendix D 
 

Participant Code Sheet 
 

RN Name 
Numeric 
Code  

RN 1 1 
RN 2 2 
    
    
    

 

NNP Name 
Numeric 
Code  

NNP 1 101 
NNP 2 102 
    
    
    

 
Patient Medical Record 
Number 

Patient 
Code 

MRN-XXXX 201 
MRN-XXXXX 202 
    
    
    

 
 


