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The oxygen-dissociation curve of human fetal
blood has been the subject of several previous in-
vestigations ( 1-6). At saturations below 80%
the curve has been described with considerable ac-
curacy and, as in other mammalian young, is
known to be displaced to the left of that for adult
blood although both curves share a similar shape.
Most studies have been carried out in vitro, i.e.,
cord blood specimens have been tonometrically
equilibrated at various oxygen tensions, and the
oxygen saturation has been measured.

Beer, Bartels, and Raczkowski (4) and Rooth,
Sj6stedt, and Caligara (5) have investigated the
in vivo oxygen-dissociation curve by determining
the actual oxygen and saturation at the time cord
blood is sampled. Unfortunately, the curves so
described do not extend into a range of oxygen
content physiologic for the normal newborn in-
fant. It is in just this range along the horizontal
upper limb of the curve that precise information
is necessary for calculation of venous admixture
and the diffusion capacity of the lung for oxygen.

One in vitro curve for fetal blood has been pub-
lished, which extends well into the physiologic
range (6). The present investigation represents
an attempt at accurate delineation of a comparable
in vivo curve.

Methods
Umbilical arterial blood was obtained by catheter from

13 newborn infants. The infants comprised a cross-
section of a typical newborn population (full-term and
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premature infants, infants of diabetic mothers, one
Mongol, and four babies with respiratory distress); the
precise clinical classification is felt to have little bear-
ing on the behavior of the dissociation curve and is there-
fore not listed. Since the Bohr-integration procedure
used in this laboratory for determination of diffusing
capacity requires hypoxic ventilation, we were able to
secure several blood samples with oxygen content con-
siderably lower than that normally encountered. Samples
were taken anaerobically in heparinized 2-ml syringes
and iced until analysis (within 1 hour).

pH was measured at room temperature with a Cam-
bridge Electron-ray pH meter and a Beckman one-drop
electrode. These values were corrected to 370 C with
Rosenthal's factors (7).

Oxygen content was measured in duplicate in the Kopp-
Natelson microgasometer in most cases, but some analyses
were done in Roughton-Scholander syringes. Oxygen
capacity was determined by measuring oxygen content
after exposing blood to room air for 15 minutes in a
rotating flask, suitable precautions being taken to pre-
vent concentration of the sample by evaporative losses.

Oxygen tension was measured in duplicate by a mi-
cromodification (8) of Riley, Campbell, and Shepard's
bubble equilibration method (9).

Oxygen saturation was calculated from the formula:'

~=(Cao2 -0. 3 XPaO2) ~10(Cap -0.003 X 150)X

where 0.003 is the Van Slyke factor for the amount of
oxygen physically dissolved in blood (volume per 100 ml)
under a pressure gradient of 1 mmHg at 37° C.

Arterial oxygen tension at the observed pH was re-
calculated to pH 7.4 for adult blood (10). This cor-
rection factor was used to afford a more direct com-
parison to previously published oxygen-dissociation
curves derived by similar means (4, 6). Darling, Smith,
Asmussen, and Cohen (3) had found no difference be-
tween maternal and fetal blood with respect to the ef-
fect of pH change on the placement of the oxygen-
dissociation curve, but a more recent investigation (11)
indicates that there may be a significant difference in
response to changes in pH.

1 5 = percentage of oxygen saturation; CaO2=arterial
oxygen content; PaO2 = arterial oxygen tension; Cap =
oxygen capacity.
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TABLE I
Blood oxygenation in newborn infants*

Infant 100 St
no. Age Flo2 pH Pao2 Cao2t Capt (100 Sao2) Pao2corr

hrs mmHg vol/100 ml vol/100 ml mmHg
1 20

2 7

30

3 3

26

4 8

31

5 15

40

6 4

7 52

8 23

9 24

10 22 days

11 33 days

12 5

28

13 8

28

15 7.44 55 17.5t
21 7.45 79 18.6t
21 7.36
15 7.38
21 7.41

25 7.18
60 7.17
15 7.40

21 7.33
15 7.30
21 7.34
13 7.35
21 7.45
13 7.46
21 7.37
13 7.40

21 7.36
13 7.38

21 7.38
13 7.41

21 7.40
13 7.40

21 7.40

21 7.37

21 7.41

21 7.29
13 7.33
21 7.31
13 7.38

21 7.30
13 7.36
21 7.34
13 7.42

72 19.0t
61 18.1l
56 17.4t
25 6.4T
58 14.7t
35 12.0$

88 14.9
47 13.5
82 12.7
47 11.0

68 14.6
45 12.9
72 15.0
45 12.2

73 18.5
46 16.9

85 18.8
46 17.7

85 12.9
40 10.1

70 19.3

72 18.1

57 11.3

82 16.6
64 15.6
63 14.0
34 10.6

55 22.4
21 7.9
55 18.9
33 15.6

20.3t

19.6t

19.3T
18.3T

16.6t
15.1

13.1

14.8

15.6

18.9

19.8

13.5

21.0

18.7

12.4

17.3

15.5

27.3

22.7

86.2
91.6

96.9
92.3
90.2

35.0
80.3
72.3

98.7
89.4
96.9
84.0

98.6
87.2
96.2
78.2

97.9
89.4

94.9
89.4

95.6
74.8

91.9

96.8

91.1

96.0
90.2
90.3
68.4

82.1
28.9
83.3
68.7

58
83

70
59
57

20
46
35

83
42
77
45

72
48
70
45

71
45

83
46

85
40

70

69

58

71
54
55
30

50
20
52
34

* 100 FIO2 = inspired oxygen concentration; Pao2 = arterial oxygen tension (Pao2Cerr = corrected to pH 7.4);
CaO2 = arterial oxygen content; Cap = oxygen capacity; SaO2 = fractiona oxygen saturation [HbO2/(Hb + HbO2)];
S = percentage of oxygen saturation or S = 100 SaO2-

t Corrected for dissolved oxygen.
t Roughton-Scholander syringe.

Results

These are shown in Table I. pH varied from
7.18 to 7.46 in low oxygen and from 7.17 to 7.45
in high oxygen, whereas the observed PaO varied
from 21 to 64 mmHg and from 55 to 88 mmHg
during low and high oxygen studies, respectively.
Saturation ranged from 28.9 to 92.3% during
hypoxia and from 80.3 to 98.7 during air and
oxygen breathing.

Calculations. The data of Table I for PaO2 and
oxygen saturation were grouped together with
those of Reardon, Baumann, and Haddad (12)

similarly corrected; their data had been obtained
by similar methods from a series of normal full-
term infants. The aggregate data were then
plotted as log S/ (100 - S) vs. log Pao0. The best
straight line so described was then calculated by
the method of least squares and represented the
best solution of the Hill equation (see below) for
these data. This estimating equation is presented
in the legend for Figure 1, which shows the re-
gression line plotted on linear coordinates.

Comiment. Hill's equation, S/100 = Kpn/(1 +
Kpn), where S is percentage of saturation (= 100
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FIG. 1. THE in vivo OXYGEN-DISSOCIATION CURVEFOR WHOLEBLOODAT PH
7.4 FROMNEWBORNINFANTS. X, Reardon and co-workers (12); 0, Nel-
son and associates. The regression line is calculated from the estimating
equation, log S/(100-S)=-3.041+2.287 log Pao2; r =0.761, t=8.04,
p<<0.001, and ayz=0.231.

Sao2), p is oxygen tension, and K and n are con-

stants may be rewritten as S/ (100 - S) =Kp,
or, taking logs, log S/(100 - S)= log K + n (log
p). Thus n describes the slope of the hemoglobin
dissociation curve for oxygen. However, a single
value for n cannot completely describe the curve

because its slope varies (13); n tends to approxi-
mate 2.5 between 20 to 80% saturation, but it
approaches 1 at the extreme ends of the curve

(below 20% and over 80%o saturation). Our
slope (n = 2.287) is considerably less than those
previously reported (3-5), because our primary
data were obtained in vivo after birth from arterial
blood better oxygenated than that of the umbilical
cord used by previous workers. In short, our val-
ues lay more on the horizontal portion of the sig-
moid oxygen-dissociation curve (Figure 2).

Just as Rooth and associates (5) found that
their in vivo curve closely matched the in vitro
curves of Darling and co-workers (3) and Beer
and colleagues (4) in the steep portion, so our

own in vivo data for the upper and (horizontal
portion) of the curve coincides with the in vitro
data of Edwards and Ross (6) (cf. Figure 2).

The concentration of fetal hemoglobin has not

been reported in any of the previous or present
studies but must have varied considerably. De-
spite this, Figure 2 shows a-remarkable similarity
among measurements of all investigators in all
portions of the curve and tends to substantiate
Prystowsky's finding that the position of the
fetal dissociation curve bears no relationship to
the concentration of fetal hemoglobin (14).

The best average values of S at Pao2 of 5, 15,
25, 40, and 90 mmHg have been used to derive
constants for Gomez' equation for the oxygen-
dissociation curve (15): 2

.0229p-.0031 jp2+ .000375 p3 -.0000011 7 p4
S=' 1 +.0827 p-.0031lp2

+.000375p3-.00000117P4
The curve predicted by this equation for fetal-
neonatal blood at pH 7.4 is drawn in Figure 2

2 The basic equation is

C(P) = alp + a2P2+ a3P3 + a4P4
I + (a + al~p + a2P' + a3p3I + ap

where C(p) is the concentration of Hbo2, p is oxygen ten-
sion in millimeters Hg, and a,; a2, a3, a4, and ; are constants
having the values: a, = .0229, a2 = - .00311, a3 = .000375,
a4 = - .00000117, and a = .0598.
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(solid line) and compared to the corresponding
curve for adult blood (16) (dashed line). The
close similarity of slope between the adult and
fetal-neonatal curves at pH is obvious in Figure
2. In fact, the fetal-neonatal curve exactly coin-
cides with the adult curve for pH 7.6. This might
imply, as Allen, Wyman, and Smith have suggested
(17), that the differences in oxygen equilibria
between adult and fetal hemoglobin are related
more to the environment of the hemoglobin mole-
cule than to any basic differences between the two
types of hemoglobin molecule. Indeed, Allen and
co-workers (17) found no difference between the
dissociation curves of fetal and adult hemoglobin
after dialysis, and Rooth, Sommerkamp, and
Bartels (18) have been able to shift the position
of the dissociation curve by varying base excess
and cation concentration in the hemoglobin solu-
tion.

,00Stoo
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> 40
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Oxygen Dissociation Curve
for Fetal Blood at pH 7.4

Oxygen Tension - mmHg

FIG. 2. THE OXYGEN-DISSOCIATION CURVE FOR FETAL

BLOOD AT PH 7.4. The solid line represents the oxygen-

dissociation curve predicted from Gomez' (15) equation
(see text); the broken line is the oxygen-dissociation
curve observed by Dill (10) for adult blood. In vitro
data for fetal blood were taken from the studies of
Darling and colleagues (3), j; Hellegers and Schruefer
(11), 0; and Edwards and Ross (6), A. In vivo data
were taken from the studies of Beer and co-workers (4),
0; Rooth and associates (5), C; and the combined
data of Reardon and present authors, 0.

Summary

1) Data for oxygen saturation and tension in
the blood of newborn infants have been presented
that accurately define the oxygen-dissociation
curve in the physiologic range above 80% satu-
ration.

2) Specific constants have been derived from
these data for the equation that describes oxygen
dissociation. This equation accurately fits the
empirical data for oxygen dissociation from 0 to
100% saturation.

3) The oxygen-dissociation curve for fetal-
neonatal blood at pH 7.4 is identical with that for
adult blood at pH 7.6.
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