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Abstract  We aimed to evaluate the agreement between 
the point-of-care (POC) capillary bilirubin measurement 
with POC venous samples and the reference laboratory 
measurement. We conducted a prospective comparative 
study, including neonates  ≥ 34 weeks of gestational age, 
and ≥ 72 h of age. The agreement between POC (Calmark 
Neo-Bilirubin, Sommargatan, Karlstad, Sweden) capillary, 
POC venous, and laboratory venous bilirubin was exam-
ined with the Bland–Altman plot and the Passing-Bablok 
regression analyses. The mean bilirubin was 13.54 (2.79) 
mg/dL in the POC capillary samples, 13.45 (2.69) mg/dL in 
the POC venous samples, and 12.68 (2.33) mg/dL in refer-
ence samples. Bland–Altman plots showed optimal agree-
ment between the POC capillary and venous methods, and 
with the reference venous method. The bias between the 
POC capillary and venous methods was 0.094 [levels of 
agreement (− 3.118)− 3.306], between the POC capillary 
and the reference venous methods 0.865 [levels of agree-
ment (− 2.283)− 4.014], and between the POC venous and 
the reference venous methods 0.771 [levels of agreement 
(− 1.814)− 3.357]. The POC capillary and venous bilirubin 
levels were in optimal agreement with each other, and with 
the reference venous measurements, supporting the POC 
Calmark Neo-Bilirubin capillary measurement as an alter-
native for a less-invasive, more rapid evaluation of bilirubin.

Keywords  Diagnostic test · Hyperbilirubinemia · 
Jaundice · Phototherapy · Point-of-care
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Introduction

Jaundice, a common neonatal condition, is caused by high 
levels of bilirubin in the blood [1, 2]. In neonates, indirect 
hyperbilirubinemia is present in nearly 80% of neonates and 
is almost always benign; however, monitoring of bilirubin 
levels is necessary to assess the need for treatment [1, 3].

Typically, the reference method for bilirubin measure-
ment requires the measurement of blood serum samples in a 
laboratory using chemical reactions [4]. The classic labora-
tory reaction of the diazo method uses a reagent that meas-
ures the direct and total bilirubin, while the indirect bilirubin 
is then calculated from the difference between the two [5, 
6]. This method has the disadvantages of requiring pipet-
ting and using several reagents, in addition to the long time 
taken to complete the exam [5, 6]. The results might also be 
influenced by hemolysis or high hematocrit, which is a com-
mon condition in neonates within the first days of life [7]. 
Although blood can be sampled routinely from neonates, the 
procedure usually requires sampling a considerable amount 
of blood which is relatively painful and leads to neonatal 
discomfort. Bilirubin values may also vary depending on 
the site of collection (e.g., when capillary and venous sam-
ples are compared) [8, 9]. Whether capillary-derived values 
underestimate or overestimate their venous counterparts has 
been controversial [10–12].
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Point-of-care (POC) analyzers can measure indirect bili-
rubin requiring only a minimal amount of blood and provid-
ing the results within minutes from the sampling. To date, 
there are only a few studies investigating the agreement 
between the laboratory and the POC methods as alterna-
tives for bilirubin measurement [13–17]. The POC Calmark 
Neo-Bilirubin (Calmark, Sommargatan, Karlstad, Sweden) 
is a medical diagnostic device that allows efficient, fast, and 
easy measurement of bilirubin levels; however, the accuracy 
of the device has not been evaluated in capillary samples.

The present study aimed to evaluate the agreement 
between POC capillary and venous bilirubin measure-
ments, as well as the agreement between both POC meas-
urements with the reference laboratory venous bilirubin 
measurements.

Material and Methods

Study Design, Parameters, and Data Collection

We conducted a prospective comparative study in the Uni-
versity Hospital of Ioannina, Greece, during an eight-month 
period, 10/2022–5/2023. The Ethics Committee of the Insti-
tution approved the study (No: 950) and written consent 
from all parents was obtained at enrollment.

Neonates were eligible for enrollment if they were over 
34 weeks of gestational age, over 72 h of age, and required 
evaluation of bilirubin levels as per clinical practice either 
in the Neonatal Unit or the Maternal Ward.

Blood Sampling

In each neonate, a venous blood sample of 250–500 μl was 
obtained for the measurement of bilirubin levels in the bio-
chemical laboratory of our institution, as per routine clinical 
practice (reference measurement). Any decisions regarding 
the clinical management of each neonate were based on the 
laboratory bilirubin measurement only. The venous blood 
sample was obtained from each neonate by clean venipunc-
ture with a 21-French gauge needle, allowing free dripping 
of blood into a BD Vacutainer® SST II Advance tube (BD-
Beliver Industrial, Plymouth, UK). A minimum amount of 

Fig. 1   a Bland–Altman plot of the POC capillary and POC venous 
bilirubin measurements. b Bland–Altman plot of the POC capillary 
and the reference venous bilirubin measurements. c Bland–Altman 
plot of the POC venous and the reference venous bilirubin measure-
ments. POC, point-of-care; LOA, limits of agreement

Table 1   Bland–Altman analysis between the two tested and the reference methods

SD, standard deviation; LOA, limits of agreement; POC, point-of-care

Mean difference SD difference Range difference LOA
(bias) (bias) (bias)

POC capillary compared to POC venous method, mg/dl 0.094 0.094 1.638 (− 5.5)− 3.5 (− 3.118)− 3.306
POC capillary compared to reference venous method, mg/dl 0.865 0.865 1.606 (− 3.3)− 4.5 (− 2.283)− 4.014
POC venous compared to reference venous method, mg/dl 0.771 0.771 1.319 (− 3.1)− 4.5 (− 1.814)− 3.357
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70 μl from the same venous blood sample was used for the 
evaluation of bilirubin with the POC analyzer, which was 
performed in the settings of the Neonatal Unit. At the same 
time, 70 μl of a capillary blood sample was obtained by heel 
prick into a similar collecting tube. The heel of the neo-
nate was adequately warmed before pricking, avoiding the 

squeezing of blood and allowing the free drainage of blood. 
The capillary bilirubin measurement was performed with the 
POC analyzer in the setting of the Neonatal Unit, as well. 
We constantly analyzed the venous samples first, followed 
by the capillary samples, to keep a standardized analysis, 
and have potential tracking of the results available, if needed.

Instruments

Laboratory Analyzer

The Beckman Coulter AU5820 analyzer is used in our labo-
ratory for bilirubin (total and direct) measurement (Beckman 
Coulter, Inc., Brea, CA, USA). A stabilized diazonium salt, 
3,5-dichlorophenyldiazonium tetrafluoroborate, reacts with 
bilirubin to form azobilirubin which absorbs at 570/660 nm. 
Caffeine and a surfactant are used as reaction accelerators. 
The absorbance at 570/660 nm is proportional to the bili-
rubin concentration in the sample. A separate serum blank 
is performed to eliminate endogenous serum interferences. 
Direct bilirubin couples directly with a diazonium salt of 
3,5-dichloroaniline in an acid medium to form azobilirubin. 
The direct bilirubin in serum is directly proportional to the 
color development of azobilirubin which is measured bichro-
matically at 570/660 nm. According to the manufacturer, the 
criteria for non-significant interference is recovery within 
10% of the initial value, and are estimated for hemolysis to 
a non-significant interference up to 500 mg/dL hemolysate 
for the total and up to 10 mg/dL for the direct bilirubin, and 
for lipemia to a non-significant interference up to 500 mg/
dL intralipid for the total and up to 300 mg/dL for the direct 
bilirubin.

Point‑of‑Care Analyzer

The POC Calmark Neo-Bilirubin analyzer is tested and 
controlled according to the International Electrotechnical 
Commission 61010–2-101 and fulfills the requirements for 
in vitro diagnostics Medical Device Directive 98/79/EC. The 
test cassette is constituted by four filters with different func-
tions. The first two filters which are in contact with the blood 
are responsible for the blood filtration. Further, the plasma 
is separated and migrated through the third filter into the 
fourth (detection filter) by lateral flow. A color appears in 
the detection filter. A camera, inside the instrument, takes 
photos during the test. The color in the detection filter is 
further analyzed and converted through software into the 
corresponding numeric value of the bilirubin concentration 
in the blood sample and presented on the screen. The meas-
uring concentration range of bilirubin is 9–29 mg/dL. The 
POC analyzer can analyze samples with hemolysis up to 
2 g/L and level of hematocrit up to 60%.

Fig. 2   a Correlation between the POC capillary and POC venous bil-
irubin measurements. b. Correlation between the POC capillary and 
the reference venous bilirubin measurements. c. Correlation between 
the POC venous and the reference venous bilirubin measurements. 
POC, point-of-care
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The within-run precision using 3 different blood samples 
and 20 replicates according to the Clinical and Laboratory 
Standards Institute document EP05-A: Evaluation of Preci-
sion of Quantitative Measurement Procedures (CLSI EP5-
A), has a coefficient of variation (CV) of 6.9% for biliru-
bin < 9 mg/dL, 5.2% for 9–15 mg/dL, and 4.4% for > 15 mg/
dL. Imprecision was estimated over 20 consecutive working 
days for commercially available bilirubin controls accord-
ing to the CLSI EP5-A to CV of 14.0% for low control, and 
11.8% for medium control. Bias has been calculated and 
grouped into three concentration groups, at 12.9% for biliru-
bin < 9 mg/dL, 8.8% for 9–15 mg/dL, and 4.0% for > 15 mg/
dL.

Data Collection

The perinatal data including gestational age, sex, birth 
weight, delivery method, and the clinical outcomes of the 
neonates were collected.

Statistical Analysis

Perinatal data and clinical outcomes were expressed with 
descriptive statistics. Continuous variables were expressed 
as mean (standard deviation, SD) or median (interquartile 
range), whereas categorical variables as n (percentage, %). 
The normality of the distribution was examined with the 
Kolmogorov-Smirnoff test or the Kruskal–Wallis test, as 
appropriate.

The agreement between the POC capillary and venous 
bilirubin measurements, and between both POC measure-
ments and the reference laboratory venous bilirubin meas-
urements was examined with the Bland–Altman plot. The 
Bland–Altman method of agreement between two quanti-
tative measurements determines the bias (mean difference 
between the reference and alternative methods) and limits 
of agreement (LOA) resulting from the bias ± 1.96 times 
the SD of the bias. The systematic and the proportional bias 
were examined with the Passing-Bablok regression analy-
ses, evaluating the intercept (a) and the slope (b) with their 
95% confidence intervals (CI), respectively, of the regres-
sion formula: y = a + b*x (where y is the tested, and y is the 

reference method). If 95% CI for intercept includes value 
zero, there is no constant difference between the two meth-
ods. Accordingly, if 95% CI for slope includes value one, 
there is no proportional difference between the two meth-
ods. Statistical significance was defined for p < 0.05. The 
total error between the POC capillary and venous bilirubin 
measurements and the reference laboratory venous biliru-
bin measurements was examined and evaluated according 
to the total allowable error suggested by Clinical Labora-
tory Improvement Amendments of 1988 (CLIA) Proficiency 
Testing regulations, that was for bilirubin ± 20%, or 0.4 mg/
dL [18]. Finally, we examined whether there was any dif-
ference between the POC and the reference methods in 
detecting neonates with bilirubin levels necessitating pho-
totherapy. We calculated the sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) 
of both POC capillary and venous methods for the correct 
identification of neonates necessitating phototherapy. The 
receiver operating characteristic (ROC) curve analyses and 
the Area Under the Curve (AUC) were constructed.

A power analysis revealed that to achieve a power of 80% 
and a type I error α of 0.05, considering the study design, 
a pair of more than 45 samples was adequate to detect the 
desired absolute difference of bilirubin levels between any 
two methods of 10%. Data were analyzed with Microsoft 
Excel 365 (Microsoft, Redmond, WA, USA), and SPSS sta-
tistical software version 25.0 (SPSS Inc., Chicago, IL, USA). 
Plots were done using Prism 9.0c (GraphPad Software, La 
Jolla, CA, USA).

Results

During the study period, we enrolled 54 neonates, obtain-
ing 84 pairs of venous and capillary blood samples. Neo-
nates were of a mean of 37.1 (1.8) weeks of gestational age 
and birth weight of 2931 (536) g. Among them, 30 (56%) 
were males, 32 (59%) were born by cesarean section, and 45 
(83%) neonates were singleton. Eight (15%) neonates were 
admitted for respiratory distress, whereas six (8%) neonates 
received phototherapy. The mean hematocrit level was 48.6 
(4.2) %, and the mean hemoglobin 16.7 (1.4) g/dL.

Table 2   Passing-Bablock regression analysis between the two tested and the reference methods

CI, confidence intervals; POC, point-of-care

r 95% CI Slope (b) Slope 95% CI Intercept (a) (mg/dl) Intercept 95% CI (mg/dl)

POC capillary compared to POC venous 
method

0.781 0.678–0.855 1.025 0.890–1.208 − 3.327 (− 26.833)− 12.771

POC capillary compared to reference venous 
method

0.777 0.672–0.851 1.136 0.937–1.396 − 6.681 (− 37.433)− 17.312

POC venous compared to reference venous 
method

0.861 0.790–0.909 1.187 0.977–1.450 − 13.343 (− 46.25)− 10.522
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The mean bilirubin was 13.54 (2.79) mg/dL in the POC 
capillary samples, 13.45 (2.69) mg/dL in the POC venous 
samples, and 12.68 (2.33) mg/dL in reference venous 
samples. Bland–Altman plots showed optimal agreement 

between the POC capillary and venous methods, and 
between the POC methods, both the venous and the capil-
lary, and the reference venous method (Fig. 1). The bias 
between the POC capillary and POC venous methods was 
0.094 [LOA (-3.118)-3.306], between the POC capillary and 
the reference venous methods was 0.865 [LOA (-2.283)-
4.014], and between the POC venous and the reference 
venous and was 0.771 [LOA (-1.814)-3.357] (Table 1). The 
residual plots of the distribution of the differences between 
POC and reference methods around the fitted regression line 
of the reference method are depicted in Fig. 2.

In Passing-Bablok regression analyses, as shown in 
Table 2 and Fig. 3, we found correlation coefficients (r) 
0.781 between the POC capillary and POC venous methods, 
0.777 between the POC capillary and the reference venous 
methods, and 0.861 between the POC venous and the refer-
ence venous methods. The slope (b) of the regression line 
was 1.025 between POC capillary and POC venous methods, 
1.136 between POC capillary and reference venous meth-
ods, and 1.187 between POC venous and reference venous 
methods. The intercept (a) between the POC capillary and 
POC venous methods, the POC capillary and the refer-
ence venous, and the POC venous and the reference venous 
methods were -3.327, -6.681, and -13.343, respectively. The 
95% CI of slopes showed that the amount of proportional 
bias between the POC capillary and POC venous methods, 
between the POC capillary and the reference venous, and the 
POC venous and the reference venous methods was not sig-
nificant. Moreover, the 95% CI of intercepts revealed that the 
systematic bias between the two POC methods, and between 
the two POC methods and the reference methods was also 
not significant (Table 2).

The total error between the POC capillary measurements 
and the reference venous measurements was 11.1%, while 
between the POC venous measurements and the reference 
laboratory venous measurements 8.7%; both were acceptable 
and lower than the total allowable error of 20%.

Regarding the accuracy of the POC methods in detect-
ing neonates with a bilirubin levels above the phototherapy 
threshold, we found that the six neonates who required pho-
totherapy [mean bilirubin cutoff 12.0 (2.82) mg/dL] were 
all detected with both POC venous and capillary methods, 
while both POC methods each detected six additional neo-
nates (7%) as requiring phototherapy [mean capillary biliru-
bin cutoff 14.75 (3.93) mg/dL, mean venous bilirubin cutoff 
13.67 (3.25) mg/dL]. The positive and negative predictive 
values of the POC capillary method for a bilirubin cutoff of 
13.8 mg/dL was 1.44 and 0.69 respectively, and the positive 
and negative predictive values of the POC venous method 
for a bilirubin cutoff of 12.4 mg/dL was 1.96 and 0.51, 
respectively (Table 3). The ROC analysis is presented in 
Fig. 4.

Fig. 3   a. Residual plot of difference between the POC capillary and 
POC venous bilirubin measurements around the POC venous meas-
urement. b. Residual plot of difference between the POC capillary 
and the reference venous bilirubin measurements around the refer-
ence venous measurement. c. Residual plot of difference between the 
POC venous and the reference venous bilirubin measurements around 
the reference venous measurement. POC, point-of-care
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Discussion 

The findings of this study suggested that the bilirubin values 
that were measured in capillary blood samples with the POC 
analyzer were in optimal agreement with POC venous sam-
ples, as well as with the reference venous samples. We also 
found that both POC venous and capillary measurements had 
an optimal accuracy in not missing neonates with a bilirubin 
level above the phototherapy threshold. Based on our find-
ings, the POC analyzer was found to be a useful tool for an 
instant capillary bilirubin measurement. This device could 
thus be used in the primary care settings without necessitat-
ing the measurement of bilirubin in a hospital which might 
be time-consuming and anxiety-inducing to parents.

In accordance with our study, previous investigators who 
examined the agreement between different laboratory and 
POC bilirubin analyzers also found an optimal agreement 
between the methods [13, 14]. Grohmann et al. compared 
nine frequently used methods for bilirubin determination, 
including cutaneous, venous POC analyzers, and venous lab-
oratory analyzers, and found an optimal agreement between 

the comparison values for all nonchemical photometric 
devices [13]. Also, Leite et al. found an optimal agreement 
between the laboratory colorimetric method through the tra-
ditional venous blood collection and the direct spectropho-
tometry of capillary blood [14].

Moreover, the relationship between capillary and venous 
measurements is of significant importance in clinical prac-
tice. Evidence from previous studies has suggested a dif-
ference between the laboratory serum samples and the 
capillary measurements, reporting that capillary levels 
tend to overestimate the laboratory levels by 0.558 mg/
dL or up to 7% [8, 15, 19]. On the other hand, capillary 
samples might underestimate venous measurements, by a 
difference between 0.91 mg/dL to 2.73 mg/dL in favor of 
laboratory venous measurements, especially when bilirubin 
levels exceed 15 mg/dL [9, 14, 20, 21]. Our study found 
that both capillary and venous POC bilirubin measurements 
were slightly higher than the reference venous measurement, 
with an average difference of 0.865 mg/dL between POC 
capillary and the reference venous methods, and an average 
of 0.771 mg/dL between the POC venous and the reference 

Table 3   The sensitivity, 
specificity, positive predictive 
value and negative predictive 
value of the point-of-care 
capillary and venous methods

Bilirubin cutoff 
(mg/dL)

Sensitivity Specificity Positive predic-
tive value

Negative 
predictive 
value

Point-of-care
Capillary method 13.8 0.66 0.54 1.44 0.69
Venous method 12.4 0.65 0.67 1.96 0.51

Fig. 4   a. The receiver operating characteristic curve analyses and the 
Area Under the Curve of the POC capillary method for the correct 
identification of neonates necessitating phototherapy. b. The receiver 
operating characteristic curve analyses and the Area Under the Curve 

of the POC venous method for the correct identification of neonates 
necessitating phototherapy POC, point-of-care; AUC, Area Under the 
Curve
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venous measurements. Between the two POC measurements, 
we found a minimum average difference of 0.094 mg/dL in 
favor of the capillary sample. This difference between the 
two POC and the reference measurements might be attrib-
uted to technical issues. The POC samples were measured 
immediately upon collection, whereas the laboratory sample 
was measured with a reasonable delay due to the transfer to 
the laboratory. Thus, a potential effect of the light on the 
isomerization of bilirubin could not be excluded [8, 9]. Also, 
the results of the POC instrument are not influenced by any 
substantial hemolysis of the sample, contrary to laboratory 
analysis. That might also explain the fact that both POC 
measurements were similar and equally different from the 
laboratory method.

The limitations of our study arise firstly from its single-
center design; thus, our results need further evaluation 
before generalization. Also, we examined only neonates who 
were born above 34 weeks of gestational age; therefore, we 
could not evaluate the agreement between the reference and 
the POC methods in preterm neonates below 34 weeks of 
gestational age.

In conclusion, the POC Calmark Neo-Bilirubin capillary 
bilirubin levels were in optimal agreement with the POC 
venous levels, and both POC measurements were in optimal 
agreement with the reference measurements. POC meas-
urements slightly overestimated bilirubin levels compared 
to the reference venous measurements. Finally, both POC 
venous and capillary measurements had optimal accuracy 
in not missing neonates with bilirubin levels above the pho-
totherapy threshold.
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