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Determination of haem derivatives in the
cerebrospinal fluid a semi-quantitative method
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SUMMARY A spectrophotometric method for semi-quantitative determination of oxyhaemoglo-
bin, methaemoglobin and bilirubin in the cerebrospinal fluid is described and evaluated. The
method involves correction for CSF protein. It is based on absorbance registrations on three
wavelengths, 400, 420 and 470 nm. Reference values for a healthy control group and a hyper-
bilirubinaemic group are presented. Evaluation of the method shows that it is well suited to
semi-quantitative determination of haem derivatives in the CSF.

Red blood cells and haemoglobin are normally
absent from the cerebrospinal fluid (CSF). Since the
end of the 19th century it has been known that the
CSF becomes discolored after an intracranial
haemorrhage. This discoloration was called xanth-
ochromia in a work by Milan and Chiray, published
in 1902.' Little more was added to our knowledge of
this subject until Barrows et a12 studied haem deriva-
tives qualitatively with spectrophotometry. They
found that, in subarachnoid haemorrhage, haemog-
lobin from red blood cells was converted to biliru-
bin. Methaemoglobin was present in significant
amounts in the fluid from intracerebral haematomas
but was only exceptionally noted in the CSF. Using a
more sensitive method, Kronholm and Lintrup,3
however, detected methaemoglobin in the CSF in
some cases of intracranial haematoma. Their
method included a rough estimate of the
methaemoglobin/oxyhaemoglobin ratio.

In 1966, van der Meulen4 discussed two main
points in Kronholm's and Lintrup's method. First,
the observed absorbances were not corrected for
CSF protein. Secondly, van der Meulen showed that
the absorbance of a mixture of haem derivatives was
not equal to the sum of absorbances for each of the
individual compounds. These objections, he
claimed, invalidated Kronholm's and Listrup's cal-
culations. Since that time, quantitative determina-
tions of haem derivatives in the CSF very rarely
have been used as a routine method. Instead, inter-
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est has focused on the qualitative aspects of spec-
trophotometric analysis of haem derivatives in the
differentiation between cerebral haemorrhage and
cerebral infarction.56

In recent years, the potential value of quantitative
analysis of haem derivatives in the CSF for differen-
tial diagnosis of intracranial haemorrhage has
become obvious as a result of increasing experience
with CSF analyses. Furthermore, there is much evi-
dence that haemoglobin plays a central role in the
pathogenesis of cerebral posthaemorrhagic vaso-
spasm78 by initiating free radical reactions that lead
to disturbed prostaglandin synthesis and vasocon-
striction.9 The aim of the present study was to inves-
tigate if it is possible to use spectrophotometric
analysis of haemorrhagic CSF for semi-quantitative
determination of oxyhaemoglobin, methaemoglobin
and bilirubin. The reason for using a spec-
trophotometric method is that suitable chemical
methods are not available and that such a method
allows the calculation of all three compounds from a
single recording.

Materials and methods

Standard solutions
The spectrophotometric recordings were performed
with a Hitachi 200 spectrophotometer, using 1 cm
quartz cuvettes. Human crystallized methaemoglo-
bin (Sigma chemicals) in a 0.9% sodium chloride
solution was used as a methaemoglobin standard.
The oxyhaemoglobin standard was prepared by
haemolysing washed human erythrocytes. The con-
centration was determined by means of the
methaemoglobin standard curve at the isosbestic
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point 412 nm. Sigma's bilirubin reference was used
as a bilirubin standard. The concentrations of haem
derivatives were expressed in micromoles per litre
(,molI1). The molecular weight per iron atom
(16 100) was used for haemoglobin, in order to
facilitate the comparison of haemoglobin and biliru-
bin concentrations.
The CSF protein standard was prepared as fol-

lows. About 50 samples of spectrophotometrically
normal CSF was pooled. The samples had been
stored at -20°C for varying periods, up to 12
months. Samples that had originally contained red
cells were excluded, as were those with an absor-
bance at 415 nm higher than 0-020. The protein
concentration of the pool was determined according
to Lowry et al'° and was found to be 0-37 g per litre
(g/l). The bilirubin concentration was determined on
a concentrated sample according to Jendrassik et al"
and was found to be 0 12 micromoles per gram pro-
tein. The pool was also examined by isoelectric
focusing for the protein distribution; this was nor-
mal. Through successive concentration of the CSF
by vacuum extraction in collodium bags, four con-
centration levels of CSF protein were achieved. The
concentrations were determined according to Lowry
et al and were found to be 0 37, 1-60, 3 30 and 6.70
g/l. Spectrophotometric analysis of each level was
performed in the range of 400-650 nm.

Control groups
The normal control group consisted of 15 healthy
volunteers, 11 females and 4 males, most of whom
were medical students or employees at the
Karolinska Hospital, Stockholm. The age range was
22-57 years with an average of 33 years. A careful
neurological examination gave normal results in all
subjects.'2 There was no history of any previous dis-
order. No patient received any medicine. The
examinations were approved by the Ethical Com-
mittee of the Karolinska Institute, Stockholm.
Ten patients with serum bilirubin concentrations

up to 73 umoVIl were selected for analysis of the
correlation between hyperbilirubinaemia and CSF
bilirubin. No patient had any signs of intracranial
haemorrhage. Nine newborn premature infants with
hyperbilirubinaemia up to 250 ,umol/l were added.
These infants suffered from asphyxia but had no
other signs of neurological disease.
The CSF analyses of the control groups were per-

formed at the CSF laboratory, Dept. of Neurology,
Karolinska Hospital.

Mathematical considerations
It is possible to establish a simple system of equa-
tions for semi-quantitation of CSF oxyhaemoglobin,
methaemoglobin and bilirubin under the following
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conditions. (1) The CSF protein concentration is
determined by a chemical method and the relation
between absorbance and concentration is known. In
the present work Lowry et al.'s method'0 was used.
(2) There is a linear correlation between absor-
bance and concentration of a haem derivative or of
CSF protein. (3) The difference between the absor-
bance of compounds measured separately and in
mixtures can be held within acceptable limits for a
semi-quantitative method.
The basis of our calculations of haem derivative

concentrations is the absorbance (A), registered at a
certain wavelength, after correction for the CSF pro-
tein absorbance (Ap):

A' = A -Ap
where A' is the absorbance of a mixture of haem
derivatives. A' is equal to the sum of the absor-
bances of each of the compounds measured indi-
vidually:

A' = A'HbO2 + A MHb + A'Bil
where HbO2, MHb and Bil represents oxyhaemog-
lobin, methaemoglobin and bilirubin, respectively.
The absorbance of each compound related to its
concentration may be expressed as a linear equa-
tion:

A'HbO = Bx + b

A'Mlb = Cy + C

A'Bil = Dz + d
where x, y and z represent the concentrations of
oxyhaemoglobin, methaemoglobin and bilirubin,
respectively. B, C, D, b, c and d are constants
obtained by the use of standard solutions of known
concentrations. Consequently,

A' = (Bx + b) + (Cy + c) + (Dz + d)
At least three equations are needed to solve a

system with three unknowns (x, y and z). This means
that the absorbance has to be registered on at least
three wavelengths.

A' =Bx+Cy+Dz+b+c+d
A" =Ex+Fy+Gz+e+f+g
A"' = Hx + ly + Jz + h + i + j

This equation is most easily solved by using Gauss
elimination with backwards substitution. If three
wavelengths are selected for analysis, it is possible to
develop an equation for more convenient expres-
sions:

CHbo, = x = K-A' + L.A" + M.A"' + k,

CMHb = y = Q-A' + R-A" + S-A"' + k2
CBil = z = T-A' + U-A" + V-A"' + k3

where K, L, M...V and k,, k2 and k3 are constants.
This is done by solving the original equation.
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Results

The absorption curves in the range of 400-650 nm
for the standard solutions of the haem derivatives in
a concentration of 1 ,umoL/l are presented in fig 1.
The correlations between the known concentra-

tions of the standard solutions and the concentra-
tions calculated on the basis of the equations given
previously have been investigated for different
triads of wavelengths. One wavelength of 400, 405
or 410 nm was combined with one of 420, 425 or
430 nm and one of 460, 470 and 480 nm. These
correspond to the intervals where the specific absor-
bance of each and one of the compounds predomi-
nates. One wavelength was changed at the time,
which resulted in 27 possible combinations. One
further triad was tested, 460, 575 and 630 nm. For
each combination, the residual variance, the correla-
tion coefficient and the regression coefficient were
calculated. The best results were achieved with the
combination 400, 420 and 470 nm.
The data were further analysed to determine

whether the results could be improved by using
more than three wavelengths. Although some
improvements were noted, they were of minor
significance. It was decided that additional studies
should be performed using the best combination of
three wavelengths.
The correlations between absorbance and con-

centration of the standard solutions of oxyhaemog-
lobin, methaemoglobin, bilirubin and CSF protein at
400, 420 and 470 nm, respectively are presented in
fig 2. The linearity was generally excellent and in
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good agreement with the conditions mentioned pre-
viously.
The correlations between the known concentra-

tions of the standard solutions and the concentra-
tions calculated using the equations above have
been determined in mixtures of the different com-
pounds. First, each of the haem derivatives were
examined in the presence of 8 g/l albumin. Secondly,
oxyhaemoglobin and methaemoglobin dilutions
were mixed with bilirubin in a final concentration of
10 umoL/l. Finally, oxyhaemoglobin dilutions were
mixed with methaemoglobin in a final concentration
of 5 ,umoVl. In these experiments, the residual var-
iance, the correlation coefficient and the regression
coefficient did not deviate from the values of the
pure standard solutions by more than 10% on any
occasion.
Using the correlations presented in fig 2 and the

mathematical formulae specified above, it is possible
to derive the following equations:

A'4 = A400 - 0.0128 Cp -0-0008
A' = A420-0*0116 - -0-0005
A0 = A470 -0-0058 Cp + 0-0040

Cf%o2 = 1828 * A 20- 7-51 A00 - 10-52 * A47,
CMHb = 14*17- A'00 - 9.37. A'20- 0-38*
CBil = 23*98 - A470-0 94 A00- 1-41A420

In the healthy control group, the mean
oxyhaemoglobin concentration was calculated as
0 00 ,umo1/l (-0-031 to 0-028 /imo!Il), the mean
methaemoglobin concentration 0-00 ,umol/l
(-0-028 to 0-021 ,umol/1) and the mean bilirubin
concentration as 0.07 pumoUl (0.008 to 0*145 ,umol/
1). Repeated examinations of oxyhaemoglobin,
methaemoglobin and bilirubin standard solutions
with a concentration of 1 ,tmol/I resulted in a
coefficient of variation CV = SD/mean x 100) of
less than 2%.

oglobin 1j,umol/i The calculated bilirubin concentration in the CSF
oglobin lJUmol/l of the hyperbilirubinaemia patients was compared
il1jrriO/I with the expected values. It was expected that the

proportion between bilirubin and protein concentra-
tions in the CSF would show the same relation as in
the serum. The correlation between the calculated
and the expected concentrations of CSF bilirubin is
shown in fig 3. The correlation coefficient was 0-971
and the regression coefficient 1-128.

In the study of the adult and the neonatal hyper-
bilirubinaemia groups, it was noted that the spec-
trophotometric maxima in the adult group were

FB so / broad and varied between 405 and 445 nm, whereas
in the newborn group the maxima were distinct and

'utions of located at 455-460 nm.
lirubin in a The explanation for the difference between the

groups was that the adults with hyperbilirubinaemia
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Fig 2 Correlation between concentration and absorbance for haem derivatives and CSFprotein at 400 nm (a), 420 nm (b)
and 470 nm (c). The concentration values on the abscissa are expressed in micromoles per litre for the haem derivatives and
in gram per litre for protein.

had a much lower concentration of bilirubin per

gram protein than the infants, with a resulting inter-
ference between the absorption curves of bilirubin
and protein (fig 4).

Discussion

The purpose of this study was to determine whether
a spectrophotometric method could be used for

semi-quantitative determination of oxyhaemoglo-
bin, methaemoglobin and bilirubin in the CSF. The
equations used for the calculations were based on
three conditions, the validity of which have been
examined in this study.

During lumbar puncture, the CSF should be with-
drawn in two portions of 2 ml each, which permits
cell examination and protein determination of each
portion separately from the spectrophotometric
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procedure. The second portion shoul
analysis of CSF haem derivatives. Th
should be used for evaluation of a poss
puncture bleeding on the basis
described principles.'3

In the hyperbilirubinaemia contr4
regression coefficient for the correlh
the calculated bilirubin concentrati
expected values was 1*128. This mean:
ations give a somewhat higher valuc
concentration than might be expected.
tion of this may be that bilirubin is a
bound to albumin,'4 which constitutes
and 76% of the total CSF protein anc
of the total serum protein.'5 If this is t
sideration, the CSF bilirubin/proteir
exceed the corresponding serum ratio

1-109, which is close to the reported regression
7 coefficient.

The mean bilirubin concentration in the healthy
control group was somewhat higher than the
oxyhaemoglobin and methaemoglobin concentra-
tions (0-071 ,umoI/l). This value should be compared
to an expected value of 0-074 ,umol/l in accordance
with the previous discussion.

In patients with serum bilirubin values above 100
,umoVl, such as in premature infants, it may be very
difficult to determine whether a certain bilirubin
value is caused entirely by penetration from serum
or partly by an intracranial haemorrhage. The varia-

10 ? tions of serum-derived CSF bilirubin, as can be seen

umrdlt) in fig 3, are too great. As a rule, the diagnosis of an
bilirubin values intracranial haemorrhage in these cases must be
the present based on the presence of oxyhaemoglobin and

methaemoglobin. In adults, however, who generally
have serum bilirubin values below 80 jumoUl, the
serum-derived bilirubin values are so low, that the
differential diagnosis is less difficult. A broad margin
of at least 50% of the expected serum-derived
bilirubin value, however, should be used before it
can be stated with certainty that a bilirubin value is
indicative of intracranial bleeding.
The main difference between the present method

and those described by other authors is that this
method includes a correction for CSF protein absor-
bance and that oxyhaemoglobin and methaemoglo-
bin are determined separately. These differences
may be important for a correct interpretation of the

3 4 degradation of haem derivatives after intracranial
bleeding.

bance maximum In conclusion, it is possible to use a spec-
um (w,nollg) of trophotometric method for semi-quantitative

determination of CSF haem derivatives, on the basis
of the principles discussed in this paper. This should
always be supplemented by visual inspection of a
spectrographic recording between 350 nm and 650

Id be used for nm in order to detect any irrelevant influence on the
ie first portion spectrophotometric recording. The influence of
sible traumatic serum bilirubin on the CSF bilirubin values should
of previously be considered according to the principles discussed

above.
ol group, the
ation between
ions and the
isthat the equ-
e for bilirubin
One explana-
ilmost entirely
between 56%
J 52% to 67%
aken into con-
n ratio would
by a factor of
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