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Calculation of Blood O-=

To the Editor:—Prompted by the excellent
paper by Dr. Theye, “Calculation of Bleod O,
content from optically determined Hb and
HbO.” (AxesTaEsioLocY 33:653, 1970), we
would like to draw vour readers’ attention to
our similar findings, presented to the Anaes-
thetic Research Society in July 1970, and pub-
lished in abstract (Foéx, Prys-Roberts, Hahn
and Fenton, Brit J Anaesth 42:803, 1970).
Our intention is to clarify a situation which has
become distorted over the past few years.

Although Hiifner's factor of 1.34! was
widely accepted for many years, this accept-
ance was by no means universal, and a num-
ber of other values for the O, combining ca-
pacity of hemoglobin were suggested before
the latest value of 1.39 was established 2 as a
result of the now-accepted recalculation of the
molecular weight of hemoglobin.® We com-
pared direct measurements of blood O. con-
tent+ with derived estimates based on mea-
surements of P, Pco., and pH and hemo-
globin concentration® of the same blood,
utilizing a standard oxyhemoglobin dissociation
curve,® and employing either 1.34 or 1.39 as
the Oa-combining factor. Our results showed
not only that estimates based on a factor of
1.39 were consistently higher than values mea-
sured directly but also that comparison of
blood samples tonometered to high or low pH
(either respiratory or non-respiratory) yielded
values which were about 1.0 ml/100 ml higher
than the content measured directly, even using
a factor of 1.34, which gave a good correlation
at normal acid-base conditions. We con-
cluded, therefore, that the results could be in-
terpreted in two ways. If the O,-combining
factor were assumed to be both correct and
constant (whichever value one chose), then
the established correction factors for the
oxyhemoglobin dissociation curve™# seriously
overestimate the magnitude of the Bohr effect,
in both acidotic and alkalotic conditions. If,
however, these established correction factors
are assumed to be correct, then the observed
differences could only indicate that the Oa-
combining factor was not a constant value.
We have tested the latter hypothesis by esti-
mating the whole-blood O,-combining capacity
of blood tonometered at high O. partial pres-
sures and at various pH values, but could not

detect any significant alteration in total Oa-
combining capacity with changes in pH, al-
though the calculated O.-combining factor was
significantly lower than 1.39. Even if we ac-
cept that errors in the established correction
factors for the Bohr effect merely reflect the
inevitable scatter of values distributed around
a mean, we are still faced with a problem in
estimating the O. content of whole blood. Ve
cannot yet identify whether the discrepancy
between the observed (1.34) and theoretical
(1.39) values for O.-combining capacity of
hemoglobin is due to inactive hemoglobins
(carboxyhemoglobin and methemoglobin) pres-
ent in small quantities in nermal human blood,
or due to reduced O. affinity of the hemo-
globin at a molecular level. Like Dr. Theve,
we have been unable to detect by spectro-
photometric means more than 1 per cent of
all abnormal hemoglobins.

The main purpose of this letter is to draw
attention to a paradox arising from the natural
temptation to abandon derived measurements
of blood O. content and to accept only values
measured directly, either by the traditional
Van Slyke method or by one of the more re-
cent polarographic modifications. Most anes-
thetists and respiratory physiologists measure
blood Oa content for the purpose of deriving
the arteriovenous O, content difference (Cap~
C¥o.), or for substitution in Berggren’s equa-
tion? for pulmonary venous admixture. The
latter poses a problem, since if one uses di-
rectly-measured values of O. content in arte-
rial and mixed venous blood, what factor
should be used for the calculation of the end-
pulmonary capillary O. content (Cc’.) from
estimated alveolar Pp,? e have established
that when a factor of 1.34 is used for estimates
on whole blood from normal non-smoking hu-
mans, the relation between estimated and di-
rectly-measured O. content has a slope of
1.006 (SE slope 0.0109), although the mean
intercept may deviate by as much as 1.2 ml/
100 ml. Under these conditions, if we sub-
tract two values of O, content from each other,
the resulting value will not be in error by more
than 0.2 ml/100 ml over a wide range of dif-
ferences, i.e., as much as a 15 ml/100 ml ar-
teriovenous difference, even though the indi-
vidual estimated values may differ significantly
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from the directly measured value. We there-
fore commend the practice of deriving O. con-
tent from measurements of Pg, for the pur-
poses mentioned above, simply because of the
consistency of the emor in each estimate,
which then cancels out on subtraction. This,
of course, is possible only if the values being
subtracted lie on an estimated/measured O.
content relation having a slope of 1.00.
Theye’s results and ours clearly show that 1.39
overestimates the O.-combining capacity of he-
moglobin in practice, and we have found that
the “traditional” factor of 1.34 is arbitrarily

correct.

1t is indeed paradoxical, in a world of pro-
gressive quest for greater accuracy in measure-
ment, that we are forced to accept errors de-
liberately because of the intangibility of end-
pulmonary capillary blood!

C. Prys-RoBerTs, M.A., PuD., M.D.,
F.F.AR.CS.

P. FoEx, M.D.

C. E. W. Hanx, B.Sc., M.Sc.

Nufficld Department of Anaesthetics
The Radcliffe Infirmary
Oxford, U. K.
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To the Editor:—The letter from Dr. Prys-

Roberts and associates stresses several uncer-

tainties involved in calculating blood O. con-

tent from Pg,, Hb, and HbO.. My remarks
will be confined to the point commen to their
previous® and our recent publication.?

In their and our laboratories, calculation of
blood O. content using existing standard meth-
ods for the determination of Py., Hb, and
HbO, and the O.-combining factor for Hb of
1.39 yields values for O. content which are
significantly larger than those obtained by the
Van Slyke procedure. There is little reason
to question the absolute accuracy of the Van
Slyke procedure, since it is direct, relies on no
assumptions outside the realm of basic chem-
istry and physics, and has been validated by
comparison with an independent standard.®
Also, in more recent times, O. content by the
Van Slyke procedure has been shown to agree
with O. content determined by other, inde-
pendent methods based upon measurement of
P, after release of the O. chemically com-
bined with the Hb.#3 Accordingly, it has
been concluded that the error resides in the
method for calculation of blood O. content.
This js customarily accomplished by appropri-
ate substitution in the equation:

Blood O, content =
Py, X §+Hb X F X HbO.,

where Py, is the tension of O, in the whole-
blood sample, S is the O, solubility factor for
the temperature at which Py, was measured,
Hb is the concentration of hemoglobin avail-
able for combination with O, F is the O.-
combining factor of Hb, and HbO, is the frac-
tional amount of hemoglobin chemically com-
bined with O,.

There is little reason to believe that the
error resides in the calculation of the physi-
cally dissolved component (Po, X S), since
this is ordinarily less than 1 per cent of the
total O, content and none of the possibilities
considered would be of sufficient magnitude to
eliminate the discrepancy. It is more likely
that the problem resides in the caleulation of
the chemically combined component (Hb X F
X HbO,), as suggested by Prys-Roberts and
ourselves. Possibilities include an erroneously
high international standard for Hb relative to
the actual amount of Hb available for combi-
nation with O., a theoretical value for F which
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