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SUMMARY: The hypothesis that an ab-
normal oxygen-hemoglobin dissociation
curve is a primary or a secondary defect
in patients with Friedreich’s ataxia was
investigated in 12 subjects with this dis-
ease. Hemoglobin and P50 were meas-
ured and compared with age and sex
matched controls. The mean hemoglobin
concentration was 14.2 g% and the P50
was 26.25 torr for the patients and 13.8
2% and 26.27 torr in the controls. These
results indicate that the oxygen trans-
port system is normal in this disease and
likely exclude an abnormal oxygen dis-
sociation curve as a primary or a secon-
dary factor in the pathophysiology of the
cardiomyopathy and the neuromyopathy
found in this disease.

RESUME: Nous avons étudié chez 12
patients souffrant d’ataxie de Friedreich
I"hypothése que la courbe de dissocia-
tion oxygene-hémoglobine soit anormale
dans cette maladie, de fagon primaire ou
secondaire. L’ hémoglobine et le P50
Sfurent mesurés et comparés a ceux de
contrdles apparillés pour I'dge et le
sexe. La concentration moyenne
d’hémoglobine fut de 14.2 g% chez les
patients et 13.8 g% chez les contrdles.
Pour le P50, les valeurs étaient de 26.25
torr et 26.27 torr respectivement. Ces
résultats indiquent que le systéme de
transport de I'oxygéne est normal dans
cette maladie. Il est donc trés peu prob-
able qu'une courbe de dissociation
oxygéne-hémoglobine anormale soit un
facteur primaire ou secondaire dans la
pathophysiologie de la cardiomyopathie
et de la neuromyopathie trouvée dans
cette maladie.
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INTRODUCTION

In the Quebec Cooperative Study
which had been designed as a sys-
tematic approach to investigate
Friedreich’s ataxia, it appeared
necessary to evaluate the oxygen
transport system as a possible prim-
ary or secondary abnormality con-
tributing to the cardiomyopathy and
the neuromyopathy of this disease.
This hypothesis seemed reasonable
for two reasons: firstly, the hyper-
trophic cardiomyopathy (C6té et al.,
1976) and the myocardial fibrosis
(Sanchez-Casis et al., 1976) found in
the majority of these patients could
be explained only in part by the
premature coronary artery disease
found at autopsy in such patients;
the second observation which sug-
gested an abnormality in the
oxygen-hemoglobin dissociation
curve is related to the abnormal
pulmonary function seen in patients
with Friedreich’s ataxia. These pul-
monary abnormalities were re-
ported, from our laboratory, to be a
mild degree of hypoxia with a low
diffusing capacity and a progressive
fall in total lung capacity, in vital
capacity, and a late decrease in re-
sidual volume and functional resi-
dual capacity (Bureau et al., 1976).
Such abnormalities in another re-
spiratory disease have been as-
sociated with alteration of the Hb-O:
dissociation curves (Weiss et al.,
1971). The present study was insti-
tuted to test the hypothesis of an
abnormal Hb-O: dissociation curve
as a primary or secondary defect in
Friedreich’s ataxia.

MATERIALS AND METHODS

The oxygen transport system was
studied in 12 patients with typical
Friedreich’s ataxia as previously de-
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scribed (Geoffroy et al., 1976). The
results for this group were compared
with those of 12 age and sex matched
normal volunteers who constituted
part of our pool of 21 normals.

The study of the oxygen transport
system consisted of the determina-
tion of hemoglobin (Hb), oxygen
tension af 50% of Hb saturation (Pso)
and oxygen concentration at 50% of
Hb saturation. Hb, Hb saturation
and oxygen content were measured
with the I.L. 280 oximeter. Pso was
determined on venous blood at 37’,
pH 7.40 and Pco2 of 40 torr.

From each patient and control 4
ml of heparinized venous blood*was
withdrawn and immediately sub-
jected to the following analysis: first,
the Hb concentration was measured,
then the blood was equilibrated (I.L..
237 tonometer) for 10 minutes (as
was found to be necessary) at three
levels of oxygen concentration;
4.0%, 3.5% and 3% at a constant
COn concentration of 5.6%, and Hb
saturation was determined at each
level to give one point on the Hb-O2
dissociation curve. The three points
obtained were used to determine the
Pso,. and since these points were in
the middle of the sigmoid curve they
were in almost perfect alignment,
which made it easy to establish the
Pso on the Hb-O: saturation and Pw
graph. Although the saturation was
measured in blood with a P2 value
in the vicinity of 40 torr, the pH
varied from 7.415 to 7.350 and so a
slight correction of Pn (using the
pH-Po: nomogram) was necessary to
obtain the Pso at a standard pH of
7.40. The gas mixing apparatus was
the I.L. 208-1 and the I.L.. 208-2.

At each level of oxygen tension
one milliliter of blood was with-
drawn from the tonometer and
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analysed successively for Po, P,
pH (using the Corning 165 blood gas
apparatus), and then the Hb-O: sat-
uration was measured with the I.L.
282 oximeter, and finally the blood
gas measurements were repeated.
The Corning 165 blood gas ap-
paratus was calibrated before each
measurement. In a preliminary ex-
periment to verify the precision of
the I.L. 282 oximeter for low satura-
tion of Hb, it was established that for
each level of Pu: a single determina-
tion of Hb saturation was adequate
for this experiment.

RESULTS

Figure 1 gives the values of Pso (at
sea level) for our control subjects
and in patients with Friedreich’s
ataxia. For the normals (mean age
17.8 £ 1.7 years), the mean Pso was
26.27 torr with a standard error of
0.25 torr, their Hb was 13.8 + 0.4
g%, their oxygen content at 50%
saturation was 9.27 + 2.1 ml. Pa-
tients with Friedreich’s (mean age
17.5 + 1.7 years) had a mean Pso of
26.25+0.21 torr,amean Hb of 14.2 %
0.2 g% and a mean oxygen content at
50% saturation of 9.54 + 0.18 ml.
These values did not differ from
those of the matched control group,
nor did the slope and y intercept of
the relationship between Pso and
hemoglobin (Fig. 2).
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Figure 1—Pso0 in normal controls and in
patients with Friedreich’s ataxia.
The solid line is the mean
Pso = S.E.M.
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Figure 2—The inverse relationship of Pso hemoglobin concentration. The slope and y
intercept for the patients (—0.345, 31,185) did not differ significantly from the

controls (—0.255, 29.86).
DISCUSSION

The Pso in our normal control sub-
jects was 26.27 torr, a value which is
comparable to that obtained in nor-
mal non-smokers by other inves-
tigators (Severinghaus, 1971).
Furthermore, as previously noted by
Torrance et al. (1970) and by Ed-
wards and Canon (1972), we found a
significant inverse relationship be-
tween the Pso and the Hb concentra-
tion, confirming that the shift to the
right in the Hb-O: dissociation curve
is an important and sensitive
mechanism for compensation in
maintaining normal oxygen trans-
port, even within the normal range
of hemoglobin. This increase in Pso
with lower Hb levels could appar-
ently be induced by an increase of
2-3 diphosphoglycerate in the red
blood cells. In our group of patients
with Friedreich’s ataxia who had
been reported to have pulmonary
abnormalities (Bureau et al., 1976),
one would have predicted at least a
secondary change in Ps in an at-
tempt to compensate for their car-
diopulmonary disease, as has been
reported in other milk pulmonary
diseases (Wiess et al., 1971). How-
ever, the Pso was normal for our
patients with Friedreich’s ataxia,
which establishes that they had a
normal oxygen transport system.
One must conclude that the unload-
ing of oxygen at the muscle and the
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myocardium is carried out in the
normal way and so the degenerative
disease is not caused nor compen-
sated by changes in the oxygen
transport system.

The absence of the expected
changes in the Hb-O: dissociation
curve raises the question: can pa-
tients with Friedreich’s ataxia pro-
duce the 2-3 diphosphoglycerate dur-
ing red blood cell glycolysis to com-
pensate for their hypoxia? To assess
this question, it would be necessary
to measure Pso and 2-3 diphosphog-
lycerate in severely affected patients
having a severe hypoxia. In the
present study the mean degree of
hypoxia was not severe enough to
test this possibility (Bureau et al.,
1976).

Furthermore, this observation is
an extension of our knowledge of the
adaptive mechanisms in response to
tissue hypoxia. It has been well es-
tablished that severe tissue hypoxia
increases the red blood cell 2-3 d.
p.g., which in turn causes a shift to
the right of the Hb-O: dissociation
curve, which favors the unloading of
oxygen from Hb to the tissue, this
being an important compensation
mechanism in patients with systemic
hypoxia due to chronic lung disease
(Edwards et al., 1968). More re-
cently, in milder systemic hypoxemia
(mean Pan: 72.1 ¢ 13.6 mm Hg)
found in patients with restrictive
pulmonary disease, a similar shift to
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the right of the Hb-O: dissociation
curve was observed, but without a
simultaneous increase of 2-3 d.p.g.
or polycythemia, suggesting that the
Pso was a more sensitive index of
oxygen-Hb affinity (Weiss et al.,
1971).

Our control subjects, like those of
Weiss et al. (1971), had a normal Pso
at a Panz of about 90 mm Hg. Our
finding of a normal Pso in the pres-
ence of mild hypoxia (Pasz 81.2 = 1.9
mm Hg) in Friedreich’s ataxia pa-
tients suggests that the shift to the
right of the Hb-O: dissociation curve
is initiated only when the Pax is
between 70 and 80 mm Hg, other
factors being negligible.

Thus, the lung volume changes
and mild hypoxia observed in
Friedreich’s ataxia at an early stage
do not alter the Hb-O: dissociation
curve and do not contribute at this
early stage to the myocardial fibrosis

Bureau et al
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and degeneration observed later in
the disease.
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