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SUMMARY A small regional survey of direct spectrophotometric methods and a larger Australian
and New Zealand survey of paediatric bilirubin analyses are described. The overall performance of
both groups was unsatisfactory with an unacceptable high interlaboratory variation. This inter-
laboratory variation was reduced significantly by the use of a spectrophotometric method with
a common standard of methyl orange.

The Australian and New Zealand survey also examined the "state of the art" for the measurement
of conjugated bilirubin and showed that laboratories could not adequately measure conjugated
bilirubin.

The need for paediatric bilirubin analyses to be
performed with small imprecision and little or no
inaccuracy has been discussed by St John and
Penberthyl and Blijenberg and Leijnse.2 There is
also a need for interlaboratory agreement of results
so that the problems of transferring babies to special
care hospitals are eliminated.

In a previous small regional survey' we showed
that the performance of the group was unsatisfactory
and gave an unacceptably high interlaboratory
variation. It was suggested that further investigation
of this problem particularly in the areas of method
simplification and the use of common standards may
improve the performance of these analyses.

Hertz et al3 critically examined a number of direct
spectrophotometric methods and recommended two
methods as being the most acceptable for measuring
total plasma bilirubin. We have further investigated
these methods to determine whether their use
improves the performance of paediatric bilirubin
analyses.

It is axiomatic that if laboratories in an inter-
laboratory survey use the same standard then the
interlaboratory variation will be less than when
participants use a variety of standards. One of the
difficulties with bilirubin analyses is the choice of
standard material and we have previously discussed
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the problems associated with lyophilised sera and
pure bilirubin standards.' Jackson4 demonstrated
the use of recrystallised, dried methyl orange in
neutral solution as a secondary standard. Such a
standard in combination with a direct spectro-
photometric method should minimise the problems
of standardisation and so we have investigated the
practical use of this material.

If laboratories were widely to adopt direct reading
procedures such as spectrophotometric methods or
some brands of "bilirubinometers" then this raises
the problem of assaying conjugated bilirubin
(bilirubin esters). Many laboratories maintain the use
of diazo coupling techniques because they assay for
both total bilirubin and conjugated bilirubin. Con-
sequently the "state of the art" for the analysis of
plasma conjugated bilirubin requires examination.
With the above problems to investigate we

conducted:
1 a small regional survey to investigate the use of

direct spectrophotometric methods.
2 a survey of Australian and New Zealand lab-

oratories where we have examined:
(i) the state of the art for this larger group,
(ii) the use of direct spectrophotometric methods

by the group,
(iii) the use of a methyl orange secondary

standard with the direct spectrophotometric
method,

(iv) the state of the art for the estimation of
conjugated bilirubin in plasma.
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Investigation into paediatric bilirubin analyses in Australia and New Zealand

Material and methods

AUSTRALIAN AND NEW ZEALAND SURVEY

Two distributions were made to participants in the
survey of Australian and New Zealand laboratories.
The first was in June 1979, when four samples were
distributed to 110 laboratories. Three samples were
plasma from exchange transfusions and the fourth
was a reconstituted lyophilised material, Precibil
(Boehringer Mannheim GmbH, Biochemica,
Mannheim, West Germany).
The second distribution was in November 1979.

Five samples were distributed to 113 laboratories.
Two were plasma from exchange transfusions, one
was adult plasma with a high concentration of
conjugated bilirubin and a fourth sample was
reconstituted Precibil from the same batch as the
June survey. The fifth sample was a primary bilirubin
standard prepared from National Bureau of
Standards Pure Bilirubin (Standard Reference
Material 916; Office of Standard Reference Materials,
Washington, USA) by dissolving the material in
2-0 ml of 0-1 M sodium carbonate and 1-5 ml of
0-1 M sodium hydroxide and diluting to 100 ml with
pooled sera; as per instructions provided with this
material. Borate buffer pH 9 3 (30 5 g/l dipotassium
tetraborate);3 and a secondary standard of methyl
orange, prepared by dissolving 238-8 mg of dried,
recrystallised methyl orange (May and Baker Lab-
oratory Chemicals) in distilled water to a final
volume of one litre, were also distributed.

Transport on both occasions was via express
courier services. Participants were asked to assay
samples immediately.
Table 1 shows the distribution of methods for

Table 1 Methods usedfor bilirubin analyses

Alfethod Total Conjugated
bilirubin bilirubin

Jendrassik and Grofs 25 38
Malloy and Evelyn6 20 27
Bilirubinometers 27
Spectrophotometric 12
Others 17 1 1
Total 101 76

plasma total bilirubin and conjugated bilirubin.
Several different formulae were used by the spectro-
photometric group and the "Others" group included
a variety of diazo methods. A variety ofmaterials were
used as standards. Ten different commercial prep-
arations and two pools of sera were used for internal
quality control purposes by the participants.

REGIONAL SURVEY

"Elevated bilirubin control" (Ortho Diagnostics,

Raritan, New Jersey, USA) was distributed to South
Australian laboratories on two occasions. The
material was reconstituted in a central laboratory
and received by participating laboratories on the
morning of preparation. Borate buffer pH 9*3,
a secondary methyl orange standard and a primary
bilirubin standard as described above were also
distributed. The bilirubin concentration in the
samples provided was calculated using the two for-
mulae recommended by Hertz et al.3 When a 1/41
dilution in borate buffer and a 10 mm path length
cuvette were used they were:

Formula I
(Abs466 x 216 - Abs522 x 27 4) x 41 = ,umol/l
Formula II

(Abs463 x 19-9 - Abs559 x 22-8) x 41 = ,umol/l

All specimens were prepared and distributed in
liquid form. Care was taken to protect them from
the light during and after preparation.

Results and discussion

One hundred and thirteen laboratories participated
in the Australian and New Zealand survey. Results
obtained previously from the South Australian
regional group' were unsatisfactory and it was
considered necessary to investigate further the state
of the art; this time obtaining information regarding
the methods used, standardisation and quality
control procedures from a larger group. We also
wished to investigate whether our previous sug-
gestions of method simplification and the use of
a common standard by all participants would reduce
this problem.

Table 2 shows the results obtained for the Precibil

Table 2 Results lreturntedfor Precibil (assigned value
327 ,umol/l)

Distribution No of labs Mean SD CV % Outlier

June 1979 100 328 24 4 7-4 1
November 1979 93 324 30-8 9-5 3

In all calculations the mean and SD were calculated, outliers
(results > 3 SD from the mean) removed and the calculations re-
peated until all outliers were eliminated.

lyophilised control. We believed these results were
unacceptable for patient care. The 950% confidence
interval was 262 to 386 ,smol/l, and the possibility of
reporting one of these two concentrations may lead
to quite different clinical actions. This is an example
of the problems that occur when a baby is transferred
from one hospital to another. When these results
were examined more carefully, on the basis of the
method of analysis (Table 3), no one method group
performed significantly better than any other.
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Table 3 Method comparison of results for the two
distributions ofPrecibil

Method No of labs Mean SD CV % Outliers

Jendrassik and Grof6 25 337 24-9 7-4 0
26 340 31-2 9-2 1

Malloy and Evelyn" 20 329 21-1 6-4 1
17 329 32-9 10-0 1

Bilirubinometers 27 319 21-9 6-9 0
22 311 14-2 4-6 1

Spectrophotometric 12 328 22-0 6-7 0
10 313 33-9 10-8 0

Others 16 331 29-4 8-8 0
18 319 38-3 12-0 0

The true test of each laboratory's analyses is its
performance with neonatal plasma. Table 4 sum-
marises the results of these distributions. Once again
the results were unacceptable for patient care. No
individual method consistently produced the smallest
interlaboratory variation (standard deviation).

Table 4 Results returned for the five neonatal plasma
distributed

Sample No of labs Mean SD CV % Outliers

A 101 109 12-2 11-2 1
B 101 200 16-0 8-0 0
C 101 288 23-0 8-0 1
D 96 156 14-6 9-3 1
E 91 232 17-3 7-4 6

The variation found may be due to the inaccuracies
of each participating laboratory and not due to
intralaboratory imprecision. However, it is possible
to gain an impression of the intralaboratory
imprecision using the difference between duplicates

formula (SD = Jd-). Table 5 shows the results
i2nJ

of this approach and whilst these results (on only
one pair of analyses) appear more clinically accept-
able they do not achieve what we believe is the goal
for these analyses, namely a coefficient of variation
of <2-5%.

Table 5 Intralaboratory precision from duplicate
analysis ofPrecibil

Method No of labs SD CV %* Outliers

Jendrassik and Grof5 17 15-3 4 7 4
Malloy and Evelyn6 13 12-6 3-9 2
Bilirubinometers 21 12-4 3-8 2
Spectrophotometric 9 21 1 6 5 0
Others 11 11-4 3 5 2

*The coefficient of variation was calculated using the assigned value
of 327 romol/l.

STANDARDISATION PROCEDURE
Most laboratories were using commercial lyophilised
material as a standard. Eleven laboratories were
using some form of pure bilirubin standard.
However, as a group they did not perform any
better than those using other forms of standard-
isation. Following the previously reported improve-
ment in group results when using a common
standard' we further investigated the use of this
approach. The commercial lyophilised material
(Precibil, stated value 327 pmol/l) and pure bilirubin
standard (NBS material, weighed in value 356
,umol/l) distributed to participants were used to
investigate two possible common standards. Table 6
summarises the results returned by participants for
these two sera.
When comparing the results of the NBS standard

for each method group both the Jendrassik and Grof5
and Malloy and Evelyn6 mean values were sig-
nificantly higher (p < 0-01) than 356 kmol/l. How-
ever, the Bilirubinometer, "spectrophotometric" and
"other methods" group mean values were not sig-
nificantly different from the true value. This bias
between methods poses problems when using NBS
material as a common standard. When using this
material as a standard, results for neonatal plasma
were recalculated as follows:
"Standardised result" =
Participant's result for sample alue of standard
Participant's result for standard

Table 6 Summary of results for Precibil and NBS standard

Method Precibil NBS standard

n Meani SD CV % Outliers n Mean SD CV % Outliers

All methods 100 328 24-4 7-4 192 30 95 0 4
93 324 30-8 9-5 3 92 370 29-5 8-0 4

Jendrassik and Grofs 25 337 24-9 7-4 0
26 340 31-2 9-2 1 28 384 38-2 9-9 0

Malloy and Evelyn" 20 329 21-1 6-4 1 17 375 30 5 8-1 0
17 329 32-9 10-0 1I7 35 3- -

Bilirubinometer 27 319 21-9 6-9 0 23 354 22-9 6-5 0
22 311 14-2 4-6 1

Spectrophotometric 12 328 22-0 6-7 0 10 355 19-8 5 6 0
10 313 33-9 10-8 010 35 9- 56 0

Others 16 331 29-4 8-8 0 17 369 42-4 11-5 0
18 319 38-3 12-0 0 17 369 42-4 11-5 0
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Investigationz into paediatric bilirubin analyses in Australia and New Zealand

The interlaboratory variation of these "standardised
results" for neonatal plasma from the group was

significantly reduced for most methods by using this
approach (Table 7). However because of the bias
found with the Jendrassik & Grof and Malloy &
Evelyn methods "standardisation" of these results
significantly reduced the mean values compared
with the Bilirubinometer and spectrophotometric
methods. The use of this material as a common

standard, although reducing the interlaboratory
variation requires further investigation with respect
to accuracy.
When the same approach was used with a com-

mercial lyophilised sera (Precibil) similar results
were obtained. Whilst the use of Precibil as a

standard did reduce the interlaboratory variation of
the group's results it was not as consistent as the
NBS bilirubin. However, the Precibil control did not
introduce such significant problems with bias as the
NBS material.
The use of a common standard improved the

performance of paediatric bilirubin analyses for the
group, however, these results are still not adequate
for patient care and further improvements should be
sotught.

METHOD SIMPLIFICATION

Hertz et a13 recommended the use of two formulae
when using spectrophotometric methods. Eight
laboratories in South Australia participated in a

regional survey to examine these formulae and

Table 8 shows the results obtained for two pure
bilirubin standards and Ortho "elevated bilirubin
control". Coefficients of variation obtained suggested
that there may be some potential for the use of these
formulae by all laboratories in one region. The
quality and maintenance of spectrophotometers
would probably be a significant source of variation
with these results. Consequently, provision of a

common standard for this method should reduce the
variation due to spectrophotometers and con-

sequently the use of methyl orange was investigated.
The absorption spectrum of methyl orange diluted
1/41 in borate buffer is shown in Fig. 1. If methyl

I -- Biirubin
-Methyl orange

Absorbance

460 520 560
Wavelength (nm)

Fig 1 Absorytion spectrum of Methyl Orange in Borate
Buffer

Table 7 Neonatal plasma results using the NBS bilirubin as a common standard

Method Standardisation Sample D Sample E

n Mean SD CV Outliers n Mean SD CV % Outliers

All methods Raw data 96 156 14-6 9 3 1 91 232 17-3 74 6
NBS 92 149 10-6 7-1 4 91 221 14-6* 6-6 5

Jendrassik and Grof5 Raw data 28 156 14-4 9-2 0 27 233 14-7 6-3 1
NBS 28 145 11-4 7-9 0 27 217 9 4* 4-3 1

Malloy and Evelyn" Raw data 18 157 14 9 9 5 0 18 237 28-4 12 0 0
NBS 17 147 5 2* 3-5 0 15 216 6 5* 3 0 2

Bilirubinometer Raw data 23 162 15 3 9 5 0 23 233 15 5 6-6 0
NBS 23 160 13-5 8-4 1 23 245 18 2 7-8 0

Sp_ctrophotometric Raw data 10 154 13-2 8 5 0 10 226 21-3 9-4 0
NBS 10 154 7-1* 4-6 0 10 226 11 9* 5-3 0

*Significantly reduced dispzrsion (p < 0-05).

Table 8 Summary of the regional survey of direct spectrophotometric methods

Sample No of labs Total no of results Formula used Mean SD CV%

Primary bilirubin standard I 8 8 1 (466/522) 313 18-9 6-0
11 (463/559) 337 18-4 5-4
III (Methyl orange 463/559) 330 12-3 3-7

Primary bilirubin standard 11 8 8 1 (466/522) 323 38-7 12-0
11 (463/559) 350 17-5 5-0
III (Methyl orange 463/559) 350 19-6 5-6

Ortho "elevated bilirubin control" 8 16 1 (466/522) 208 8-0 3 9
(two separate analyses) 11 (463/559) 219 10-5 4-8

III (Methyl orange 463/559) 217 6-2 2-9
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orange is to be used as a secondary standard then it
must mimic bilirubin in respect to its absorption
spectrum, having a peak absorbance at approxi-
mately 460 nm and negligible absorption at the
second wavelength where correction is made for
haemoglobin, methaemalbumin, turbidity etc.
Methyl orange absorbs significantly at 522 nm but
not at 559 nm. Consequently whilst formula II

(463/559) is suitable as a direct spectrophotometric
method it is not suitable for use with a secondary
methyl orange standard. Table 8 shows the results
from the regional group using the following formula
(III) to determine total bilirubin concentration.
Formula III

(Abs463 X 19-9 - Abs559 x 22 8)
of Sample

x 370 = ~urol/l

(Abs463 x 19-9 - Abs559 x 22 8)
of Methyl Orange Standard

(the methyl orange was assigned a value of
370 umol/l).
Whilst this approach did not markedly reduce the
dispersion of this group the results confirmed the use

of the 463/559 formula and methyl orange as a

secondary standard. This approach was therefore
adopted in the Australian and New Zealand survey.

One hundred and thirteen laboratories in Australia
and New Zealand were supplied with borate buffer,
a methyl orange secondary standard and asked to
analyse this standard and the sera distributed using
the 463/559 nm spectrophotometric method de-
scribed previously. Table 9 compares the results
using Formula II with those obtained by the group

(All methods) for the same material. The inter-
laboratory variation of results from Formula II was

significantly reduced compared to the "All methods"
results for the NBS standard, Precibil and one of the
neonatal plasma distributed.
The mean value for the NBS standard (359 ,umol/l)

is not significantly different from the weighed-in

Watkinson, St John, Penberthy

value (356 ,umol/l). This suggests that Formula II

gives accurate results. However it should be noted
that the "Precibil" value (301 tmol/l) was sig-
nificantly (p < 0-01) lower than the stated value of
327 ,umol/l; once again demonstrating a bias between
the Jendrassik and Grof5 diazo coupling technique
and the direct spectrophotometric assay.

In an effort to improve these results further,
methyl orange was used as a standard as was

previously discussed with the regional survey. The
value 388 ,umol/l obtained by the group was assigned
to the methyl orange. This resulted in a further
significant reduction in the interlaboratory variation
when compared with the original data from all
laboratories. When examining the absorbances
reported by laboratories it was found that most of
the outliers obtained were from isolated erroneous

readings. Where a laboratory reported a generalised
bias in the absorbances from all samples the methyl
orange corrected these results in most cases (54 out
of 57). The use of methyl orange therefore appears
to correct for the deficiencies of most spectro-
photometers in this survey. Similar improvements
in interlaboratory variation were found when using
either the NBS bilirubin or "Precibil" as a standard
for the spectrophotometric method. However because
of the stability of the methyl orange solution, the
simplicity of preparation, and the absence of batch
to batch variation we believe that the use of methyl
orange will reduce standardisation problems. Con-
sequently in reporting to participants of this survey
we recommended that regional groups could use

this approach with one central laboratory preparing
the methyl orange secondary standard.

CONJUGATED BILIRUBIN

One of the problems with recommending a spectro-
photometric method for total bilirubin is that
a laboratory must have an alternate method for the
estimation of conjugated bilirubin. Therefore
although a laboratory may not be entirely satisfied

Table 9 Results from a common spectrophotometric method compared with "All methods" results

Sample Method n Mean SD CV'% Outliers

Methyl orange Formula II 463/559 71 388 16-1 4-2 9
NBS standard All methods 92 370 29 5 8-0 4

Formula 11 463/559 76 359 24-6* 6-8 4
Methyl orange 463/559 76 364 16-1* 4-4 3

Precibil control All methods 93 324 30-8 9 5 3
Formula II 463/559 71 301 20 5t 6 8 6
Methyl orange 463/559 72 303 15-6t 5 2 4

Neonatal plasma D All methods 96 156 14-6 9-3 1
Formula It 463/559 73 147 11.4* 7-8 7
Methyl orange 463/559 72 149 8 0t 5-4 7

Neonatal plasma E All methods 91 232 17-3 7 4 6
Formula 11 463/599 76 220 18-5 8 4 4
Methyl orange 463/559 73 223 10-0t 4-5 6

Significantly reduced dispersion * p < 0 05. t p < 0-01.
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Neonatal plasma
sample D

Neonatal plasma
sample E

20-

151

10

5

0. ..3O 10 20 30 40 50
0 I/R/g///R/R//.4 c
0 10 20 30 40 50
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Fig 2 Distribution of Results for Conjugated Bilirubin Estimations

with its analyses for total bilirubin it may continue
to use a relatively unsatisfactory method in order to
continue to provide a conjugated bilirubin deter-
mination. Consequently we surveyed the state of the
art for these analyses. Fig. 2 shows the distributions
of results obtained with two neonatal plasma and
one adult plasma having a high concentration of
conjugated bilirubin.

If this survey reflects the state of the art for
conjugaged bilirubin analyses then it is obvious
that laboratories are unable to report accurately
conjugated bilirubin results. In view of these results
we question the practice of reporting apparently
accurate results when it appears that at best the
results reported are only an approximation to the
true value. We believe a more responsible approach
would be to rank conjugated bilirubin results as
follows (,umol/l):

<25
25-50
50-100

100-150
150-200

This approach should be adequate for patient care
and not lead to overinterpretation of results.
Another factor in the use of conjugated bilirubin

results is the frequency with which the laboratory is
required to perform this assay. Participants in this
survey varied from "not at all" to "with every total
bilirubin." We believe that a discretionary rather
than screening approach is necessary particularly as

more blood is required from the patient for each
conjugated bilirubin analysis. Obviously the question
of the frequency of analysis must be discussed with
clinical staff but if the frequency of results for
conjugated bilirubin estimation is reduced then
a simple diazo coupling method could be used.
Consideration regarding the most suitable method
for total bilirubin estimation, where results must be
both precise and accurate, can then include spectro-
photometric methods which at present appear to
provide the most acceptable performance.

Conclusions

Our primary aim during these investigations has
been to demonstrate the advantages of method
simplification. We have shown that using the
spectrophotometric method in conjunction with a
methyl orange standard can produce accurate results
with reduced imprecision, although improvement in
the latter was not as significant in the Australian and
New Zealand group as within the smaller regional
group of laboratories. Objections to using a spectro-
photometric method are that it cannot measure the
relative amounts of conjugated and unconjugated
bilirubin present in any patient sample but it is our
belief that precise measurement of conjugated
bilirubin is probably not necessary and in fact our
survey showed that the reporting of apparently
precise results may not be valid with the methods
used at present. We are sure that laboratories can
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maintain a method that will give an approximation
of the plasma concentration of conjugated bilirubin
which would be adequate for patient care and there-
fore the method used for conjugated bilirubin
analysis should not affect the decision of which
method to use for total bilirubin analysis.

We are most grateful for the work by the laboratories
who participated in the surveys. We would also wish
to acknowledge the assistance of the Australian
Association of Clinical Biochemists and the Royal
College of Pathologists of Australia on whose behalf
we carried out the Australian and New Zealand
surveys.
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