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Abstract
Accuracy of visual assessment of plasma bilirubin concentrations

with the Bilirubin Color Scale

Introduction

Jaundice is a common problem in neonates of which optimal management requires
bilirubin level measurements. Determination of plasma bilirubin level is crucial for
differentiating physiologic jaundice from pathologic jaundice, which can cause brain
damage (bilirubin encephalopathy) and death, and guiding treatment. Pathologic
jaundice requires phototherapy and/or blood exchange transfusion while no treatment for
physiologic jaundice. However, it is not possible to determine serum bilirubin level in more
than 90% of district hospitals (647 of 719 hospitals) in Thailand due to budgetary
constraint. Referring neonates with jaundice or sending blood specimens to provincial
hospitals is a consequence of a lack of bilirubin testing device which can result in the
delay of treatment for pathologic jaundice. A low cost device has been developed to

compensate for the expensive device.

Objective

The aim of this study was to evaluate the accuracy and the inter-observer agreement of
visual assessment of plasma bilirubin concentration with the Bilirubin Color Scale, a
reference color standard developed by the investigators, compared to serum bilirubin

measurements by standard bilirubin tester which is a spectrophotometer.

Material and Method

The research and development study design was conducted in a 2,500-bed university
hospital with a delivery of 10,000 neonates annually. A convenience sample of serum
bilirubin levels was measured in the course of standard newborn care at the maternity
ward, high-risk nursery and an intermediate care unit. There were 5 steps in this study:
developing the device, testing its accuracy and inter-observer agreement, multicenter
study, improving the prototype and knowledge transfer of the technique to the target users

throughout the Kingdom.

In the step of investigating the accuracy and inter-observer agreement of the developed
Bilirubin Color Scale, single-blind technique was used by 1) a technician measured serum
bilirubin in a hematocrit tube by spectrophotometer and 2) the investigator measured the

same specimen by using the Bilirubin Color Scale. The Scale is a reference color with 16

RDG4650010 Page 4 of 56



yellow stripes representing plasma bilirubin levels of increasing intensity from 2 to 30
mg/dL and viewed in a specific condition in the light booth. Each specimen was studied
only once. In investigating the inter-observer agreement, two research assistants blindly
measured the same specimen with the Scale. The readings measured by the Scale and the
spectrophotometer were compared. Data were analyzed by using SPSS for Windows
version 11.0 (Chicago, lllinois) for percentage of differences and agreements on the

bilirubin level at < [1.0], < [1.5], < [2.0], < |3.0 and < |4.0].

Results

A total of 1,829 comparisons were obtained to investigate the accuracy. The majority of

the overall accuracy (59.94%) was at <|1.0].

A total 309 comparisons were made for inter-observer agreement when reading against
the gold standard. The majority of agreement (71.90%) was at <|1.0]. In considering the
manufacturer's accuracy for standard medical device which is <|2.0|, the agreement was
at 85.14%. The comparisons among the other two imported and expensive bilirubin
testers with the gold standard device (Erma Bilirubin Tester) revealed that the
readings measured by the Scale were more accurate than those from Optima and
Fuchu Giken Bilirubin Testers with ranges of difference of 1.3 to 7.6 mg/dL and 0.1 to 2
mg/dL, respectively. The range of difference between reading from the Scale and the
goal standard device was 0 to 2.2 mg/dL. Furthermore, the two bilirubin testers could
not read the specimens when bilirubin levels were >26 mg/dL and >24 mg/dL,

respectively.

Conclusion

These results suggest that with appropriate training in visual comparison of serum bilirubin
with the Bilirubin Color Scale and in hospitals where standard tester is not available, the
Scale can be compensate for the expensive standard tester and will be useful to district
hospitals by providing valuable clinical information for optimal management of newborns
with jaundice 24 hours a day and for planning discharge and follow-up. The Scale can
help develop the basic newborn care at district hospitals and improve the quality of care
at provincial hospitals since there will be less referral for newborns with jaundice which
can contribute to better care for critically ill neonates and decreased incidence of infection
at provincial hospitals where resource for newborn care is limited. Furthermore, it will
improve the national standard of newborn care since all newborns have accessibility to

bilirubin screening for pathologic jaundice to prevent brain damage.
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