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1 Introduction

Traditionally bilirubin measurements are always taken on plasma or serum sam-
ples. This involves a certain amount of sample preparation prior to the measure-
ment.

With the addition of versions ABL™735 and ABL730 to RADIOMETER™’s ABL700
Series of blood gas analyzers, it is now possible to quantitatively measure bilirubin
on whole blood samples. The ABL735 and ABL730 can measure bilirubin together
with the oximetry parameters on as little as 35 pL of whole blood. This means that
bilirubin is available as a STAT parameter and the time-consuming sample prepa-
rations are no longer necessary.

2 Summary

This bulletin describes the measuring principles behind the optical measurements
of bilirubin on whole blood, showing how the absorbance spectrum of whole
blood is affected by the presence of bilirubin.

The reference method used for bilirubin measurements and the performance and
interference tests run in connection with the measuring of bilirubin are also de-
scribed.

3 Measuring Principles

3.1 Bilirubin

Bilirubin is a family of orange-yellow pigments produced from the breakdown of
the heme group in the red blood cells. An increased concentration of bilirubin in
the blood (hyperbilirubinemia) leads to a yellow discoloring of the skin and is the
cause of jaundice/icterus in newborns. Hyperbilirubinemia is also seen in patients
with liver failure and hemolytic diseases such as thalassemia.

3.2 Total Bilirubin Concentration (ctBil)

The ABL735/730 measures the total bilirubin concentration, i.e., the sum of the
concentration of the two major types of bilirubin found in blood; unconjugated
(indirect) and conjugated (direct). Unconjugated bilirubin takes up by far the
largest part of the bilirubin present in neonatal blood.

The two types have slightly varying spectra; the ABL reports the total bilirubin
amount.

In neonates it applies that [1]:

Total Bilirubin = Unconjugated Bilirubin + Conjugated Bilirubin
ctBil = ¢Bil_u + cBil_c

3.3 Bilirubin Spectrum

Bilirubin displays an absorbance spectrum within the wavelength range of the
spectrometer in the oximetry module of ABL700 Series of analyzers

(478 - 672 nm). As the spectrum of bilirubin can be distinguished from the rest of
the blood spectrum, it is possible for the ABL700 Series analyzer to determine
how much is present.



The spectrum of unconjugated bilirubin at a concentration of 200 pmol/L is de-
picted below.
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The basic principles behind spectrometry measurements on the ABL700 Series can
be found in Bulletin No. 2-1998, The ABL™700 Oximeter: A Technical Overview,
March 1998 [2].

3.4 Bilirubin in Whole Blood

The diagram below shows two absorption spectra of fully oxygenated, hemolyzed
whole blood, one spiked with 200 umol/L unconjugated bilirubin and the other
unspiked.

Spectra of whole blood with and without bilirubin
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It is the difference in the two spectra, seen between about 478 and 500 nm,
which enables us to measure the bilirubin content in whole blood samples.

3.5 ctBil(P) vs. ctBil(B)
Bilirubin is found only in the plasma phase of blood, hence it is the bilirubin con-
centration in plasma that is reported.

In order to measure the hemoglobin and dyshemoglobin content of blood spectro-
scopically, the ABL700 Series analyzers hemolyze the red blood cells. The hemo-
lyzation process is performed in the cuvette by ultrasonic vibration and destroys
the cell wall of the red blood cells, thereby releasing the hemoglobins. Once the
hemoglobins are released, light scattering from the cell walls is removed, and an
accurate absorption spectrum can be recorded.




However, on hemolyzation of the red blood cells, it is not only the hemoglobins
that are released into the plasma. The red blood cells contain a certain amount of
liquid, intracellular fluid. This fluid is also released on hemolyzation, and has the
effect of diluting the bilirubin concentration in the plasma.

In this way the ctBil(P) is higher than the directly measured ctBil(B) and the differ-
ence must be corrected for.

3.6 Correcting for the difference in ctBil(B) and ctBil(P)
The following equation shows how the ABL corrects for dilution of ctBil on
hemolysis:

CtBIl - CtBilbIood
plasma
1- HthaIc.
where:
ctBil(P) = concentration of total bilirubin in the plasma phase
CtBil(B) = concentration of diluted total bilirubin after hemolyzation
(directly measured)

Het,,. calculated hematocrit (a fraction)

0.0301 x ctHb (in g/dL) - see below for further explanation

3.7 Hematocrit

The correction for dilution of plasma bilirubin on hemolysis involves the hematocrit
value. Hematocrit is a fraction (or percentage) describing the volume the red
blood cells occupy in a whole blood sample.

_ volume of red blood cells
volume of wholeblood

Hct

The hematocrit value can be measured, as for example in the ABL555 and the
ABL70 analyzers (also from RADIOMETER), however in the ABL700 Series analyz-
ers it is calculated from the value for the total hemoglobin concentration.

Hct_,. = 0.0301 x ctHb, where ctHb is in g/dL*

calc.
The constant, 0.0301, is calculated from using an expression for the average con-
centration of hemoglobin within the red blood cells. This expression is known as
the mean corpuscular hemoglobin concentration, MCHC, and is explained further
below.

3.8 MCHC

As mentioned above, mean corpuscular hemoglobin concentration, or MCHC, ex-
presses the average concentration of hemoglobin within the red blood cells. The
MCHC is used to determine Hct according to the following formula:

ctHb
MCHC

Hct =

The MCHC can vary from patient to patient and is dependent on amongst other
things, the iron (hemoglobin) content of the blood. The reference range for new-
borns is 320 - 350 g/L [3].

The ABL735/730 uses a standard MCHC value of 332 g/L (33.2 g/dL).

1) To convert ctHb in mmol/L to g/dL multiply by 1.6114



Considerable deviations from the standard MCHC value will influence the Hct,.
and ultimately affect the ctBil measurement. It is possible to correct the displayed
ctBil in these incidences if the true Hct value is known [4].

3.9 Conditions of Measurement

There is a condition for the reporting of ctBil in that ctBil will not be reported by
the analyzer if ctHb > 25 g/dL (15.5 mmol/L). At ctHb levels above 25 g/dL the cal-
culation of Hct is no longer reliable enough to use in the calculation of ctBil(P).
This is because at high ctHb levels, Hct ., approaches 1 and the closer Hct,, is to
1, the greater the effect of (1 - Hct_, ) in the equation for ctBil(P) and therefore,
the more marked the errors in Hct calculation. This will then be reflected in deter-
minations of ctBil(P).

Also at high ctHb, dilution of ctBil on hemolyzation will be greater, thus reducing
ctBil(B) and giving a smaller spectroscopic signal.

The diagram below shows the effect of tHb levels on the spectra of fully oxygen-
ated, hemolyzed whole blood, unspiked and spiked with bilirubin.

Spectra of whole blood with varying ctHb and with and
without bilirubin
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It can been seen in the above diagram that the higher the tHb level is, the less the
difference in the spectra when bilirubin is added, and thereby the greater the
measurement uncertainty. This illustrates the constraints described above.



3.9 Sample Volumes

The ABL700 Series is able to measure a variety of different parameter profiles on
samples down to 35 pL. For example the automated micromodes available on the
ABL735/730 are:

Sample Volume | Parameters
35 uL Oximetry/FHbF/ctBil
35 pL Glucose/lactate (ABL735 only)
55 pL pH/blood gases/oximetry/HbF/ctBil
95 L pH/blood gases/oximetry/electrolytes/glucose+lactate (ABL735
only)/FHbF/ctBil

4 Reference Methods

4.1 Definition
A reference method is an established analytical process for the determination of
concentrations of specified substances.

4.2 NIST SRM 916a

NIST (National Institute of Standards and Technology) Standard Reference Material
916a is unconjugated bilirubin in pure form. It is this standard material which all
bilirubin measuring methods should be traceable to.

NIST SRM 916a is used to validate and verify the NCCLS (National Committee for
Clinical Laboratory Standards) recommended reference method, the Jendrassik-
Grof method modified by Doumas [5,6].

The NIST SRM 916a material was used by RADIOMETER as a working standard in
measurements of the ABL735/730 against the chosen reference method.

4.3 Reference Method for ctBil on ABL735/730

The reference method used by RADIOMETER for measuring ctBil involved using
the NIST SRM 916a material as a calibrator for a Hitachi 717 Wet Chemistry Ana-
lyzer situated at Medi-Lab, Copenhagen [7].

The process of this calibration and the following measurements are outlined
below.

4.4 NIST SRM 916a as a Calibrator of Measurements on the Hitachi 717
The following table describes the process by which NIST SRM 916a was used as a
calibrator of bilirubin measurements on the Hitachi 717 at Medi-Lab.

Step Action

1. A bulk bilirubin solution (unconjugated) was prepared according to the
NIST Certificate of Analysis for SRM 916a. The procedure is also described
in detail in [5].

2. This bulk solution was then used to prepare bilirubin solutions in the fol-
lowing concentrations:

0 pmol/L
34 pmol/L
170 pmol/L
340 pmol/L



Step Action, cont’d

3. The bilirubin concentration of each solution was measured on the Hitachi
717 at Medi-Lab. The results of these measurements were then plotted
against the true concentrations. An example plot is shown here:
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4.  This plot was then used as the calibration line for the measurements on
blood samples (see below). A new calibration line was plotted with every
batch of blood samples sent to Medi-Lab.

4.5 Using the Calibration Line

Fully oxygenated blood samples at different tHb levels were spiked with uncon-
jugated and conjugated bilirubin and pH adjusted to about pH = 7.4. These sam-
ples were analyzed for ctBil on 5 ABL735 analyzers at RADIOMETER. The same
samples were sent to Medi-Lab where ctBil was measured on the Hitachi 717.

Measurement results from the Hitachi were adjusted according to the calibration
by NIST standard material (described above) and the adjusted values compared to
those obtained from the ABL735. The diagram below is an example of some of
the results obtained from this procedure:

Using the calibration line for blood samples
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The data for the blood samples is shown in the table below:

ctBil of blood sample Reference ctBil of blood
as recorded by the sample as read off from
Hitachi 717 (umol/L) the calibration line (umol/L)
4.0 3.6
4.0 3.6
383.0 344.4
389.0 349.8
388.5 349.3
422.0 379.4
421.0 378.5

Reference values for the ABL735/730 obtained in this way were used to calibrate
the bilirubin measuring process in the analyzer in such a way as to ensure minimal
deviation of ctBil measurements on the ABL from the reference method.

4.6 Fine Tuning

Due to a slight difference in the spectra of *synthetic’ bilirubin that was used to
spike the samples in the laboratory, and the "natural® bilirubin that is produced by
the body, the measuring process required further fine tuning.

The algorithms used for the measurement of bilirubin account for this spectral dif-
ference and have been calculated using results from studies at neonatal units.

5 Performance and Interference Tests

51 Performance

Having compared the ABL735/730 measurements with the reference method and
made the appropriate calibrations to the measuring process, the performance of
the analyzers has then to be established.

The performance of the ABL is established during specification tests (described
below).

5.2 Specification Tests
To establish the performance of the ABL735/730, a whole series of specification
tests were performed using combinations of the following parameters:

. 5 analyzers, all measuring modes.

. Adult plasma samples spiked with unconjugated and conjugated bilirubin.

. Adult blood samples spiked with bilirubin at concentrations of about 200
and 400 pumol/L at different tHb levels.

. Each sample measured 5 times on each analyzer.

. Measurements taken over at least 3 days.

5.3 Verification Tests
It is necessary to verify the specification tests in a series of verification tests. Verifi-
cation tests are a repetition of the specification tests on 5 different analyzers.

5.4 Reporting of Performance Characteristics

In total about 9,000 measurements were taken during specification and verification
tests to establish the performance characteristics of the ABL735/730 analyzer. The
performance characteristics are expressed in a series of standard deviations and
inaccuracies, all of which are reported in the ABL700 Series Reference Manual [8].



55 Interference Tests

The ctBil measurements on the ABL735/730 analyzers have also been tested for
interfering substances, i.e. we have tested whether the ctBil measurements are
influenced by other substances commonly found in blood. Interference tests are
performed by comparing the ctBil from unspiked samples and samples that have
been spiked with the interfering substance.

5.6 Interfering Substances

The substances tested for interference on bilirubin measurements are listed below.
They were tested in normal concentrations, i.e. concentrations normally expected
of the substance if present in the blood stream.

e Intralipid e Evans Blue e Cyanmethemoglobin, HiCN ?
« Betacarotene « Sulfhemoglobin, SHb e Patent Blue V
e pH « Fetal Hemoglobin, HbF = Methylene Blue

e Cardio Green * Variations in MCHC

Of the substances listed above, only those written in italics showed any significant
interference on bilirubin measurements. Detailed results from the interference
tests on ABL735/730 are presented in the ABL700 Series Reference Manual [8].
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