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Supplemental content
IMPORTANCE Quantification of bilirubin in blood is essential for early diagnosis and timely
treatment of neonatal hyperbilirubinemia. Handheld point-of-care (POC) devices may
overcome the current issues with conventional laboratory-based bilirubin (LBB)
quantification.

OBJECTIVE To systematically evaluate the reported diagnostic accuracy of POC devices
compared with LBB quantification.

DATA SOURCES A systematic literature search was conducted in 6 electronic databases (Ovid
MEDLINE, Embase, Web of Science Core Collection, Cochrane Central Register of Controlled
Trials, CINAHL, and Google Scholar) up to December 5, 2022.

STUDY SELECTION Studies were included in this systematic review and meta-analysis if they
had a prospective cohort, retrospective cohort, or cross-sectional design and reported on the
comparison between POC device(s) and LBB quantification in neonates aged O to 28 days.
Point-of-care devices needed the following characteristics: portable, handheld, and able to
provide a result within 30 minutes. This study was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses reporting guideline.

DATA EXTRACTION AND SYNTHESIS Data extraction was performed by 2 independent
reviewers into a prespecified, customized form. Risk of bias was assessed using the Quality
Assessment of Diagnostic Accuracy Studies 2 tool. Meta-analysis was performed of multiple
Bland-Altman studies using the Tipton and Shuster method for the main outcome.

MAIN OUTCOMES AND MEASURES The main outcome was mean difference and limits of
agreement in bilirubin levels between POC device and LBB quantification. Secondary
outcomes were (1) turnaround time (TAT), (2) blood volumes, and (3) percentage of failed
quantifications.

RESULTS Ten studies met the inclusion criteria (9 cross-sectional studies and 1 prospective
cohort study), representing 3122 neonates. Three studies were considered to have a high risk
of bias. The Bilistick was evaluated as the index test in 8 studies and the BiliSpec in 2. A total
of 3122 paired measurements showed a pooled mean difference in total bilirubin levels of -14
pmol/L, with pooled 95% CBs of ~106 to 78 pmol/L. For the Bilistick, the pooled mean
difference was -17 pmol/L (95% CBs, -114 to 80 pmol/L). Point-of-care devices were faster in
returning results compared with LBB quantification, whereas blood volume needed was less.
The Bilistick was more likely to have a failed quantification compared with LBB.

CONCLUSIONS AND RELEVANCE Despite the advantages that handheld POC devices offer,

these findings suggest that the imprecision for measurement of neonatal bilirubin needs

improvement to tailor neonatal jaundice management.
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eonatal jaundice is a condition caused by elevated un-

conjugated bilirubin levels. It occurs in up to 80% of

neonates and is usually considered benign.! How-
ever, the transient imbalance between bilirubin production and
clearance may unpredictably lead to a fast rise of unconju-
gated bilirubin to levels that are dangerous for the neonate’s
developing brain. High unconjugated bilirubin levels carry a
risk for both acute and chronic permanent brain damage.?>
Although largely preventable, severe hyperbilirubinemia
remains a major burden for neonatal health, especially in
low-resource settings.*>

Early and rapid diagnosis of hyperbilirubinemia is
essential to prevent its deleterious effects. Neonatal hyper-
bilirubinemia can easily be treated by (intensive) photo-
therapy and, in severe cases, by exchange transfusion.® In many
settings, identification of neonatal hyperbilirubinemia de-
pends on screening via visual inspection of the neonate’s skin
color followed by selective laboratory-based bilirubin (LBB)
quantification in serum, plasma, or whole blood.”®

Laboratory-based bilirubin quantification can be per-
formed using a variety of in vitro diagnostic instruments®'° and
is the routine standard for diagnosing hyperbilirubinemia and
indicating and monitoring treatment.! Yet, this approach canre-
quire up to 1500 pL of blood and a fully equipped laboratory.!?
The turnaround time (TAT), ie, the time between deciding to
quantify bilirubin and obtaining the result, can be rather long
for LBB quantification. A TAT of hours is common in practice,
especially in infants with jaundice cared for outside the hospi-
tal setting, in whom bilirubin levels may rise unnoticed.'

In low-resource settings, laboratories may be remote,
poorly equipped, and not always able to provide an accurate
LBBlevel.*® As such, the diagnosis of jaundice in many neo-
nates relies mainly on visual inspection, which is known to be
unreliable.'”!® Transcutaneous bilirubin is a fast and reliable
method to estimate bilirubin levels in neonates and is useful
as a screening instrument.!®-2° However, to establish the
diagnosis of hyperbilirubinemia and determine the need for
treatment, the standard remains a bilirubin quantification in
blood. Therefore, the introduction of a reliable, quick, and af-
fordable point-of-care (POC) bilirubin device that is easily trans-
ported is much needed, especially in low-resource settings or
remote rural areas.'®-?!

Point-of-care testing is performed near or at the site of a
patient and is increasingly being used in hospital and pri-
mary care settings. Point-of-care devices rapidly provide re-
sults and should facilitate earlier treatment initiation.?2-24
Moreover, POC devices require a smaller volume of whole blood
(eg, 25-50 pL). These characteristics make POC devices an
appealing alternative to LBB provided that their reliability
sufficiently approaches that of LBB quantification.*

We conducted a systematic review of studies that as-
sessed the diagnostic accuracy of portable, handheld POC bil-
irubin devices. We performed a meta-analysis to provide an
overall assessment of the diagnostic properties of POC biliru-
bin tests vs LBB quantification. Findings from this review could
be instrumental in informing health care professionals about
the usefulness and validation of POC devices for bilirubin quan-
tification in everyday neonatal care.

JAMA Pediatrics May 2023 Volume 177, Number 5

Diagnostic Accuracy of Bilirubin Quantification Tests in Neonates

Key Points

Question What is the diagnostic accuracy of handheld
point-of-care (POC) devices vs laboratory-based quantification for
bilirubin in neonates?

Findings In this systematic review and meta-analysis of data from
10 studies representing 3122 neonates, POC devices tended to
underestimate bilirubin levels in neonates, with a pooled mean
difference of =14 pmol/L. Precision was limited compared with
laboratory-based quantification, with pooled outer confidence
bounds of 106 to 78 pmol/L.

Meaning Although handheld POC bilirubin devices allow for fast
bilirubin measurements, this study's findings suggest that their
imprecision limits widespread use for neonatal jaundice
management, especially when accurate laboratory-based bilirubin
quantification is available.

Methods

This systematic review and meta-analysis followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses reporting guideline.?>-2® Qur review was registered
in the International Prospective Register of Systematic Re-
views (CRD42021289420).%7

Eligibility Criteria

Studies were eligible for inclusion if they were of a prospec-
tive cohort, retrospective cohort, or cross-sectional design and
compared 1 or more POC devices and LBB measurement for
quantifying neonatal bilirubin levels. Point-of-care bilirubin
devices were eligible if they were portable, handheld, pro-
vided a test result within 30 minutes, and required whole blood
or serum to quantify the total bilirubin level. Laboratory-
based bilirubin quantification was considered the reference
test. The index test needed to be conducted in the same time
frame as the reference test. Studies evaluating newborns aged
0 to 28 days were considered eligible.

Search Strategy and Selection Process

We searched 6 online data sources (Ovid MEDLINE, Embase,
Web of Science Core Collection, Google Scholar, Cochrane
Central Register of Controlled Trials, and CINAHL) up to
December 5, 2022. The search strategy was designed in
close collaboration with an experienced biomedical infor-
mation specialist (W.M.B.) and specifically tailored for each
database. The search strategy is available in the eMethods in
Supplement 1.

The reference lists of relevant studies and their citations
(through Google Scholar) were screened for additional poten-
tially eligible studies that may have been previously missed.
There were no restrictions imposed on language, publication
date, or time frame of the study.

Records identified were imported into an EndNote (Clari-
vate) library through electronic extraction. After deduplica-
tion using the Bramer method,?® 2 reviewers (L.E.HW. and
C.V.H.) manually identified any remaining duplicates. Subse-
quently, the 2 reviewers independently screened titles and
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abstracts. Full-text reports of potentially eligible studies were
retrieved and assessed for eligibility. Any disagreement was
addressed and resolved through discussion or via consulting
a third reviewer (J.V.B.).

Data Extraction and Quality Assessment

Data extraction was performed by 2 independent reviewers
(L.E.HW. and C.V.H.) using a prespecified, customized form
(eTable 1 in Supplement 1). Disagreements were resolved
through discussion or via consulting a third reviewer (J.V.B.).
In case of relevant missing information, the corresponding au-
thor of the respective study was contacted.

We used the Quality Assessment of Diagnostic Accuracy
Studies 2 (QUADAS-2) tool?° to evaluate risk of bias and ap-
plicability (eTable 2 in Supplement 1). The QUADAS-2 assess-
ment was conducted by the 2 reviewers (L.E.HW. and C.V.H.)
independently. Consensus was reached for all studies on all
domains.

Outcomes

Our primary outcome of interest was the mean difference
(ie, bias) and limits of agreement (LOAs) in total bilirubin level
between the POC device (index test) and LBB quantification
(reference test). Secondary outcomes were (1) TAT, (2) blood
volumes, and (3) percentage of failed quantifications.

Data Analysis

Our primary analyses involved pooling the overall Bland-
Altman statistics to determine the diagnostic accuracy of POC
device vs LBB quantification for assessing neonatal bilirubin.
Our approach to performing the meta-analysis is based on the
method of Tipton and Shuster3° for meta-analysis of Bland-
Altman studies, albeit incorporated in a bayesian framework.
The advantage of a bayesian framework is making the mod-
eling of several correlated studies easier. Furthermore, it
relaxes the reliance on large-sample asymptotic theory, which
is important in meta-analysis where the number of studies is
often small. All priors where chosen to be weakly informative
in order not to have too big an impact on the results.

Tipton and Shuster3° provided a way to estimate popu-
lation bias (expected difference between the 2 methods),
construct pooled LOAs, and calculate the associated un-
certainty. To summarize, the pooled LOAs are a function of
3 parameters: (1) population bias (the average difference
between 2 tests in the population), (2) the average within-
study variation, and (3) the variation in bias across studies.
The study-specific estimates of the bias are pooled to give
estimates of the population bias and the between-study vari-
ance of this bias. The average between-study variation is esti-
mated by pooling the study-specific estimates. The popula-
tion bias within-study variance and between-study variance
can now be used to calculate the LOAs. By the usual defini-
tion, the LOAs are defined as the expected bias plus or minus
1.96 times the expected SD of the bias across individuals and
study settings. Asymptotically, when the LOAs are con-
structed this way, the difference in outcomes between the
methods when applied in a randomly selected new case has a
95% probability of being between the bounds. However, as

jamapediatrics.com
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Figure 1. Preferred Reporting Items for Systematic Reviews
and Meta-analyses 2020 Flow Diagram, Including Searches
of Databases, Registers, and Other Sources
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560 Duplicates
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POC indicates point-of-care.

the usual LOA definition uses estimates in place of the true
parameters of the population, in smaller samples (both in
terms of studies and patients within studies), this is not the
case. Therefore, we also calculated the outer confidence
bounds (CBs) that fully take into account all uncertainty.

Besides pooling all studies, we also anticipated conduct-
ing subgroup analyses for each type of POC device separately.
Furthermore, some included studies provided multiple
Bland-Altman plots for different populations. To account for
dependency of these observations, we added an extra hier-
archical level to the model (so that there are both study-
specific and population-within-study-specific effects of bias
and variance).

The data were analyzed using R, version 4.1 (R Founda-
tion for Statistical Computing) and STAN, version 2.26 (STAN
Development Team) software. If needed, we converted units
of bilirubin levels from mg/dL to pmol/L using a conversion
factor of 17.1.

. |
Results

We identified 1439 records through database searching. After
removing duplicates, titles and abstracts were screened for
879 records. Twenty-four records were selected for full-text
assessment, of which 10 were included in qualitative and
quantitative analyses!'?>3° (Figure 1).

Study Characteristics

Table 1lists the study characteristics of the 10 included stud-
ies (representing 3122 neonates), of which 9 used a cross-
sectional design'?'® and 1 a prospective cohort design3?;
guidelines for phototherapy*©42? used by some studies are
also presented. Five studies were performed in Southeast
Asia,'?3134 3 in Africa,*>" 1 in Europe and Africa,>® and 1in
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Table 1. Study Characteristics of Included Studies

X Study population
Paired
Source Country measurements Study design Inclusion criteria Exclusion criteria Clinical setting
Boo et al,'? 2019 Malaysia 561 Cross-sectional Gestational age >36 wk; ~ With illness (not Neonatal nurseries of 2
clinical jaundice specified) government hospitals
Coda Zabetta Egypt 87 Cross-sectional Term and near term; NR Neonatal nurseries of 2
etal,*®2013 clinically requiring hospitals
Italy 31 bilirubin determination
Greco et al,>® Egypt 126 Cross-sectional Gestational age >36 wk; NR Neonatal intensive care unit
2017 clinical jaundice of a tertiary care referral
center
Greco et al,>° Egypt 130 Prospective Gestational age 235 wk; NR 17 Medical centers
2018 5 cohort postnatal age <28 d;
Indonesia 530 visually jaundiced or
P signs of acute bilirubin
e 168 encephalopathy routine
Vietnam 630 screening of bilirubin
Kamineni et al,* India 198 Cross-sectional Preterm and term Prior exchange or Tertiary hospital for women
2020 neonates; clinically blood transfusion and newborns
requiring bilirubin
measurement; at risk for
jaundice
Keahey et al,3® Malawi 63 Cross-sectional Age <28 d; at risk for NR Government hospital
2017 jaundice
Rohsiswatmo Indonesia 94 Cross-sectional Gestational age <35 wk;  After phototherapy or  Neonatal nursery of
etal, 42018 postnatal age <14 wk; exchange transfusion  government hospital
indication for
phototherapy based on
IDAI guidelines*®
Sampurnaetal,>> Indonesia 126 Cross-sectional Gestational age 232 wk;  Phototherapy in the Government hospital
2021 postnatal age <14 d; preceding 24 h;
birth weight 21500 g; respiratory or
clinical jaundice as per circulatory
Kramer scale (any insufficiency; severe
Kramer score >0)*! congenital
abnormalities
Shapiro et al,3’ Malawi 326 Cross-sectional Hospitalized; at risk for ~ NR Neonatal nurseries of 2
2022 jaundice government hospitals
Thielemans et al,>®> Thailand 52 Cross-sectional Gestational age 235 wk;  NR Field clinic
2018 clinical jaundice as per

Kramer scale (score
>3)*%; previous
borderline serum
bilirubin measurement
(ie, <50 pmol/L below

the treatment threshold

of NICE guidelines*?)

Abbreviations: IDAI, Ikatan Dokter Anak Indonesia (Indonesian Pediatric Society); NICE, National Institute for Health and Care Excellence; NR, not reported.

Africa and Southeast Asia.>° Studies were published between
2012 and 2022. Characteristics of the POC devices and LBB
quantification are available in eTable 3 in Supplement 1.

The studies reported a total of 3122 paired measurements.
Ofthe 10 included studies, 8 studied the Bilistick (Bilimetrix srl),
a POC test for total bilirubin quantification in 25 pL of whole
blood.12-31-34:36.38,39 The Bilistick consists of a handheld reflec-
tance reader and test strips, which are composed of a blood-
plasma filter and nitrocellulose membrane. The blood is loaded
on the test strip and filtered. Next, the plasma diffuses to the
membrane where bilirubin is measured by the reader through
reflectance spectroscopy. The Bilistick requires calibration ev-
ery 6 months. Two studies evaluated the performance of BiliSpec
(3rd Stone Design), a POC test for total bilirubin quantification
in 50 pL of whole blood.3>-*” BiliSpec, now called BiliDx, con-
sists of a handheld reader and lateral flow card. The lateral flow
card separates the blood and plasma (using a fiber plasma sepa-
ration membrane) and stabilizes the sample so that the biliru-
bin concentration remains constant over time. Subsequently, the

JAMA Pediatrics May 2023 Volume 177, Number 5

reader measures the light transmitted through the plasma on the
card, and the bilirubin level is estimated. BiliSpec calibration
cards are housed inside the reader. The calibration process was
performed daily during the trials.>>*” There was substantial varia-
tion in the reference methods used, and these included blood
gas and chemistry analyzers.

Quality Assessment

Four studies®!-32-34:36 were considered low risk of poor quality
in all domains (Figure 2). Flow and timing were considered at
high risk of bias in 3 studies where different laboratory refer-
ence methods were used within the study population, poten-
tially signaling verification bias.!?-383°

Diagnostic Accuracy of POC Devices Compared

With LBB Quantification

All 8 studies involving the Bilistick reported an underestima-
tion of the POC device compared with LBB quantification for
assessing neonatal bilirubin.!2-31-34:36:38.39 The 2 studies evalu-
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Figure 2. Quality Assessment of Diagnostic Accuracy Studies 2 Diagram
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ating the BiliSpec had contrasting outcomes with regard to
bias®>-37 (Table 2). Results from 2 studies were presented in a
single Bland-Altman plot, even though the data were re-
trieved from patients in different hospitals that used a differ-
ent reference method to measure total serum bilirubin.!>>® One
study was performed in 17 medical centers in 4 countries,
and results were presented in 4 Bland-Altman plots for these
4 countries.?® Thirteen effect estimates derived from the
10 studies evaluating POC bilirubin devices were meta-
analyzed. The pooled mean difference between the POC bili-
rubin device and LBB quantification was -14 pmol/L, with
the pooled 95% LOA ranging from -86 to 57 pmol/L and 95%
CBs of -106 to 78 umol/L (Figure 3A). Meta-analysis was per-
formed for the Bilistick separately. Eleven effect estimates
from the 8 studies were evaluated for the Bilistick. The
pooled estimate of the mean difference between the Bilistick
and LBB quantification was -17 pmol/L, with the pooled 95%
LOA ranging from -91 to 57 pmol/L and 95% CBs of -114 to
80 pumol/L. Due to the small number of eligible studies evalu-
ating the BiliSpec (n = 2), we could not conduct our pre-
planned subgroup analysis. eTable 4 in Supplement 1 shows
the summary of findings.

For the multilevel meta-analysis of these estimates, we
clustered the results from Greco et al.>® Results from the mul-
tilevel meta-analysis were similar to those from the primary
analysis (Figure 3B): For all POC devices, the mean difference
was -17 pmol/L, with the pooled LOA ranging from -89 to
55 umol/L and 95% CBs of -119 to 87 umol/L. For the Bili-
stick, the mean difference was -17 ymol/L, with the pooled
95% LOA ranging from -89 to 55 pmol/L and 95% CBs of
-119 to 86 umol/L.

Turnaround Time

Only 1 study by Boo et al'? reported on the TAT difference
(Table 2). In the 2 participating hospitals, the median TATSs of
the LBB quantification were 98 minutes (range, 24-424 min-
utes) and 114 minutes (range, 34-1039 minutes). Compared
with the mean TAT of the Bilistick of 2 minutes, the hospital
LBB quantification was approximately 60 times longer
(P < .001). Eight studies reported on the time interval
between when the blood was loaded on the test strip and
when the bilirubin level was displayed on the POC’s screen: 2

jamapediatrics.com

minutes for the BiliSpec®® and between 100 seconds and 3
minutes for the Bilistick.!2-31:3%:34.36.38,39

Blood Volumes

All studies evaluating the Bilistick reported a blood volume
of 25 uL for sampling!?-31-34:36:38.39; h]ood volume for the
BiliSpec was 50 pL.3>*7 Four studies reported blood volumes
ranging between 50 and 1500 yL for the reference test in the
laboratory'?33-34:37 (eTable 3 in Supplement 1). Blood volume
needed was 40 to 60 times less for POC devices than for LBB
quantification.

Percentage of Failed Quantifications

The reported percentage of failed quantifications of the Bili-
stick varied between 1.5% and 48.6% across studies, with a
median of 8.75% (IQR, 5.02%-24.07%).1%-31-33-36:3% Common er-
ror messages were high hematocrit (>65%) and hemolysis.
One study reported 9% failed measurements of the BiliSpec
due to the strip not adequately being filled.?” The reported
percentage of error rates of the laboratory quantification
varied between 1.3% and 2.5% and were due to technical
malfunction.!?-3¢

|
Discussion

In this systematic review and meta-analysis, we assessed the
accuracy of portable, handheld POC bilirubin devices, ie, the
Bilistick and BiliSpec. Overall, the POC devices tended to un-
derestimate the neonatal bilirubin level compared with con-
ventional LBB quantification methods. Furthermore, the
pooled estimates revealed that these POC bilirubin devices are
imprecise, where the calculated outer confidence bounds were
substantial, ie, -106 to 78 pmol/L for all of the POC devices and
-114 to 80 pumol/L for the Bilistick. The multilevel meta-
analysis showed similar results to the primary analysis,
strengthening our confidence in the results. Bilirubin test re-
sults were up to approximately 60 times faster through POC
devices compared with LBB quantification, whereas the vol-
umes of the used blood samples were 40 to 60 times less using
POC devices. Failed measurements occurred in up to 49% of
measurements for the Bilistick,3® which was attributed to

JAMA Pediatrics May 2023 Volume 177, Number 5
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Table 2. Primary and Secondary Outcomes Reported in Included Studies

Corresponding LOAs,
pmol/L?

Variability of POC
device across different

Percentage of failed

MD (bias) bilirubin quantifications, POC vs
Source (Sb)? UL LL concentrations TAT, POC vs LBB LBB Missed diagnosis by POC
Boo et al,*? -26.5 31.2 -84.1 Underestimation was LBB quantification: 98  Bilistick: 15.9 due to Above treatment
2019 (-29.4) also observed for (range, 24-424) min high hematocrit and threshold, the sensitivity
values >300 pmol/L and 114 (range, blood clotting; was 0.74, ie,
34-1039); POC: 2 min;  Jendrassik-Grof approximately 26%
hospital LBB method: 1.3; sample missed diagnoses;
quantification was rejected by laboratory  sensitivity lower at
significantly longer method higher Bilistick cutoff
(P <.001) values
Coda Zabetta  -10.3 38.0 -58.7 Underestimation was NR Bilistick: NR; NR
etal,>82013  (24.1) observed more Jendrassick-Grof
frequently at values method and diazo
>342 pmol/L method: NR
Grecoetal,® -22.2 56.4 -99.2 No specific comment NR Bilistick: 6.8 due to NR
2017 (39.3) technical problems;
diazo method: 2.5 due
to technical problems
Grecoetal,®®  Egypt: 68.4 -126.5 Underestimation was NR Bilistick: 1.5 due to Above treatment
2018 -29.1 stable over a wide technical problems; threshold, the sensitivity
(49.6) range of bilirubin diazo method or direct  was 0.70, ie,
. values spectrophotometry: NR approximately 30%
Indonesia:  39.3 -68.4 missed diagnoses
-13.7
(27.4)
Nigeria: 102.6 -128.2
=137
(58.1)
Vietnam: 63.3 -94.0
-15.4
(39.3)
Kamineni -8.6 (75.2) 140.2 -155.6 Underestimation was NR Bilistick: 6.2 due to NR
etal,' 2020 observed across all hemolysis; direct
ranges of bilirubin spectrophotometry: NR
levels
Keaheyetal,®®> 5.1(17.1) 37.6 -29.1 No specific comment NR BiliSpec: NR; direct NR
2017 spectrophotometry: NR
Rohsiswatmo  -25.6 23.6 -74.9 Underestimation was NR Bilistick: NR; chemical  If treatment decisions
etal,>42018  (25.1)° observed more oxidation method: NR  would have been based
frequently at higher on the POC device, then
bilirubin levels 11 of 94 infants who
needed treatment would
have been missed
(approximately 12%)
Sampurna -11.0 79.0 -101.0 No specific comment NR Bilistick: 10.7 due to If treatment decisions
etal,322021  (46.0) different device error  would have been based
messages; diazo on the POC device, then
method: NR 10 of 39 infants who
needed treatment would
have been missed
(approximately 26%)
Shapiro -8.2(NR) 70.4 -87.0 No specific comment NR BiliSpec: 9 due to strip  If treatment decisions
etal,?” 2022 not adequately filling;  would have been based
direct on the POC device,
spectrophotometry: 9 90.7% would have
due to different device  resulted in the same
error messages or decision as the LBB
missing measurements  quantification, ie,
approximately 9%
missed diagnoses
Thielemans -20.0(NR) 18.0 -59.0 No specific comment NR Bilistick: 48.6% dueto  NR

etal,>32018

different device error
messages; direct
spectrophotometry: NR

Abbreviations: LBB, laboratory-based bilirubin; LL, lower limit; LOA, limit of
agreement; MD (bias), mean difference; NR, not reported; POC, point-of-care;
TAT, turnaround time; UL, upper limit.

2The MD (bias) and corresponding LOAs of Bilistick bilirubin - LBB, meaning

that the difference between Bilistick bilirubin and LBB is plotted against the
mean of Bilistick bilirubin and LBB. We converted units of bilirubin levels from
mg/dL to pmol/L using a conversion factor of 171 (ie, 1 mg/dL = 171 pmol/L).

®Quantification before phototherapy treatment.

weather conditions (high humidity) and seemed not repre-
sentative for updated versions in similar climates.>? In stud-
ies comparing error rates between POC device and LBB quan-
tification, the POC devices were more likely to fail.

The inaccuracy of the POC device quantification should
be considered in light of the accuracy of conventional LBB
quantification methods that are generally considered as the
clinical reference methods for bilirubin quantification.
484
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Figure 3. Forest Plots of Pooled Mean Difference (Bias), Limits of Agreement (LOAs),

and Outer Confidence Bounds (CBs)

E Pooled mean differences

No. of Mean difference
Study participants (95% Cl, pmol/L)
Boo et al,122019 561 -26 (-84 to 31) —
Coda Zabetta et al,38 2013 118 -10 (-59 to 38) e
Greco et al,36 2017 126 -22 (-99 to 56) —
Greco et al,39 20182 130 -29 (-126 to 68) =
Greco et al,392018P 530 -14 (-68 to 39) R &
Greco et al,392018¢ 168 -14 (-128t0 103) =
Greco et al,39 20184 630 -15(-94 t0 63) —.—
Kamineni et al,31 2020 198 -9 (-156 to 140) =
Rohsiswatmo et al,34 2018 94 -26 (-75t0 24) — =
Sampurna et al,32 2021 126 -11(-101to0 79) R
Thielemans et al,33 2018 52 -20(-59t0 18) —
Bilistick pooled LOA -17(-91to 57) —Q—
Bilistick outer CBs -17 (-114 to 80)
Keahey et al,3> 2017 63 5(-29t0 38) —a—
Shapiro et al,37 2022 326 -8 (-87t0 70) —_——
Overall pooled LOA -14 (-86t0 57) —o—
Overall outer CBs -14 (-106 to 78) —o—
-ZbO —1‘50 -lbO —5‘0 0 5‘0 160 1‘50
Mean difference (95% Cl, pmol/L)
Multilevel meta-analysis
No. of Mean difference
Study participants (95% Cl, pmol/L)
Boo et al,122019 561 -26 (-84 to 31) —
Coda Zabetta et al,38 2013 118 -10 (-59 to 38) e
Greco et al,36 2017 126 -22 (-99 to 56) — =
Greco et al,3920182 130 -29 (-126 to 68) ]
Greco et al,39 2018 530 -14 (-68 to 39) e
Greco et al,392018¢ 168 -14 (-128 to 103) »
Greco et al,392018¢ 630 -15(-94 t0 63) —
Kamineni et al,31 2020 198 -9 (-156 to 140) L
Rohsiswatmo et al,34 2018 94 -26 (-75 to 24) — .
Sampurna et al,32 2021 126 -11(-101to 79) R
Thielemans et al,33 2018 52 -20(-59t0 18) —
Bilistick pooled LOA -17 (-89 to 55) —Oo—
Bilistick outer CBs -17 (-119to 86)
Keahey et al,35 2017 63 5(-29 to 38) —
Shapiro et al,37 2022 326 -8 (-87 to 70) — .
Overall pooled LOA -17 (-89 to 55) —o—
Overall outer CBs -17 (-119t0 87) * Estimates from Egypt.
" ® Estimates from Indonesia.

-200 -150

Mean difference (95% Cl, pmol/L)

-100 -50 0 50 100 150
¢ Estimates from Nigeria.

9 Estimates from Vietnam.

Although viewed as the reference standard, several studies
reported rather high interlaboratory variability and inaccu-
racy of LBB levels measured in value-assigned commutable
specimens as well as in patient samples, signaling inaccuracy
and imprecision.!®43-47 The substantial inconsistencies
encountered when quantifying bilirubin on different com-
monly used multianalysis instruments underline the time-
lessness of Mather’s statement that “bilirubin determina-
tions are perhaps the most notoriously unreliable of any in
clinical chemistry”#8®359 The inaccuracy and high variabil-
ity of POC bilirubin test results may, at least in part, origi-
nate from hemolysis or be affected by the relatively high
hemoglobin concentration in the newborn.?® To this end,

jamapediatrics.com

the Bilistick displays a warning message in case of too much
hemolysis.

The question remains whether the POC bilirubin devices
are fit for clinical decision making. Despite the short TAT, ease
of use, and relatively low costs, their use should be condi-
tional upon the reliability to produce accurate bilirubin
results. Theoretically, use of POC bilirubin devices entails a
risk of missing any neonate with jaundice who actually needs
phototherapy or, in the case of overestimation, starting pho-
totherapy too early. The risk of misclassification was encoun-
tered and acknowledged by several of the studies.??-34:35:37:39
Moreover, POC devices require near-perfect conditions for
optimal use and results in terms of humidity, preanalytic con-
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ditions (eg, saturation of test strip or membrane), and hemat-
ocrit. Despite the risk of misclassification, POC bilirubin
devices might be useful when diagnosing neonatal hyperbili-
rubinemia solely on visual inspection or when laboratory
facilities are remote, which might be the case in some low-
resource settings.

Precise quantification of POC bilirubin is highly clinically
relevant because treatment thresholds in current interna-
tional guidelines for the management of neonatal hyperbili-
rubinemia are based on bilirubin concentrations.*° To avoid
unnecessary escalation of care, it is important that the mea-
sured bilirubin level approaches the true level, irrespective of
the applied method. Our recommendations are based on 10
studies, of which 3 were considered as having a high risk of
bias based on QUADAS-2 assessment (Figure 2). Future re-
search should focus on assessing the proportional bias of the
POC bilirubin devices for multiple concentrations of biliru-
bin. Our findings suggest that handheld POC bilirubin de-
vices still need to be optimized in order to overcome their limi-
tations. To support their future assessment, the total allowable
error and clinically relevant limits of bilirubin quantification
should be defined in international guidelines, including spe-
cific recommendations for handheld POC bilirubin devices.
To harmonize POC bilirubin results with LBB methods, in-
corporation of POC bilirubin devices into an external quality
assessment program seems sensible analogous to existing
external quality assessment for LBB methods. While awaiting
such data, test results of POC bilirubin readings should be
interpreted cautiously.

Strengths and Limitations

To our knowledge, this systematic review and meta-analysis
is the first of existing data on 2 POC devices for neonatal bil-
irubin quantification, which are currently available and CE
(Conformité Européene) marked. We used a comprehensive
search strategy, including several electronic databases and ref-
erence and citation searches. Moreover, we used a unique ap-
proach for the data synthesis wherein correlation coeffi-
cients were used to measure the relationship between variables
without giving any information on the meaningful clinical
association.”® In 1983, Bland and Altman®! underlined these
shortcomings and provided a new approach to method com-
parison studies. We focused on Bland-Altman method com-
parison studies, which are frequently used in laboratory
medicine for the validation of a new method.>2 This system-
atic review is one of the first meta-analyses to use the unified
framework for Bland-Altman meta-analysis provided by Tip-
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ton and Shuster,° allowing us to calculate the LOAs and their
associated outer confidence bounds (measures of uncer-
tainty). Our data provide clinically relevant information for all
contemporary and future users of POC bilirubin instruments
involved in the care of infants with jaundice.

We acknowledge several limitations of this study. First,
we were not able to calculate the variability across different
bilirubin concentrations of the POC measurements, as the
necessary data were not available from the original reports
included in our review. Two studies reported that underesti-
mation by the POC device was observed more frequently at
higher bilirubin levels34-3® (eTable 3 in Supplement 1). This
underestimation by the device is important because it carries
a risk of undertreatment. Especially at high levels of biliru-
bin, POC bilirubin quantification should be accurate to mini-
mize the risk of undertreatment. Second, overall data on the
diagnostic accuracy to indicate the need for treatment could
not be retrieved. The largest study on the Bilistick reported a
sensitivity of 70.8% (95% CI, 65.0%-75.7%) for diagnosis of
hyperbilirubinemia requiring treatment, with a specificity of
98.5% (95% CI, 97.7%-99.1%) and similar positive and nega-
tive predictive values of approximately 93%,3° and another
multicenter study showed sensitivity, specificity, and posi-
tive and negative predictive values of 0.74, 0.84, 0.67, and
0.88, respectively, for any bilirubin value above treatment
thresholds.!? Five studies reported on the number of infants
with hyperbilirubinemia necessitating treatment that would
have been missed by the POC device (9%-30%)!2-32:34.37:39
(Table 2). Third, the variety of the applied clinical reference
method with reported inaccuracies for bilirubin quantifi-
cation may be considered as a limitation of this systematic
review, although it may also strengthen the external valida-
tion of our findings. Fourth, most of the 3122 neonates repre-
sented in this review were late preterm and term neonates.
As such, generalizability of the findings to preterm and very
preterm newborns is limited.

|
Conclusions

Quantification of bilirubin levels using POC devices requires
less blood volume and produces faster results compared with
conventional LBB quantification. Despite these advantages, our
findings in this systematic review and meta-analysis suggest
that the percentage of failed quantifications and their impre-
cision for measurement of neonatal bilirubin need to be im-
proved in POC devices.
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