S2 Appendix

Estimation of the oxygen advection enhancement parameter B

In this Appendix the values of the parameters used in the derivation of the oxygen advection
enhancement parameter B = 1 + ¢ax Kknn /pp1 are estimated. The results are summarized in Table
S2.1.

The value of ¢pax can be calculated by multiplying three quantities. The first quantity is the
concentration of hemoglobin in the fetal blood cyy, ~ 0.155 g/ml, corresponding to a fractional
hematocrit of approximately 0.48 [1]. The second quantity is the fetal hemoglobin binding capacity
B, also known as Hiifner’s constant. Here it is assumed that 8 ~ 1.42 ml Oy /g Hb, giving the oxygen
capacity of fetal blood to be cgp - § & 0.22 ml O5/ml blood, which is the value given for fetal oxygen
capacity in [2]. The final quantity is the amount of oxygen, which at standard temperature and
pressure is given by k ~ 1/22.4 mol/l. Thus

Cmax = CHb - B+ k =~ 9.82 mol/m3.

The partial pressure of oxygen Pp, in the plasma can be related to the concentration of oxygen c
dissolved in the plasma by Henry’s law
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Here py; = 1000 kg/ m? is the density of blood [3]. The coefficient ky;, can be estimated by considering
the concentration of dissolved oxygen at a specific partial pressure of oxygen [4]; solubility of oxygen
in fetal blood can be assumed to be the same as in maternal blood [1]. At a partial pressure of
oxygen of Pp, = 13 kPa, the concentration of dissolved oxygen is ¢ ~ 0.13 mol/m? [5], giving
kpn = 7.5 x 10° mmHg kg/mol.

The partial pressure of oxygen in the intervillous space (maternal side) is approximately 60 mmHg
[6]; this is the maximum partial pressure of oxygen that the fetal blood is expected to be exposed to
and provides the upper bound for the range of values over which the oxygen-hemoglobin dissociation
curve is linearized to give K = 0.019 mmMg (see Fig 1D in the main text).

Combining the above parameters gives B = 1 4 ¢pax Kknn /pp1 = 141, showing that fetal blood
provides a larger enhancement to advection of oxygen than maternal blood, for which B = 94 [4].

Table S2.1. Parameters used in the derivation of the oxygen advection enhancement
parameter B.

Parameter Value Reference
Diffusion coefficient of RBC (Dgrpc) 10718 m?/s [7]
Concentration of hemoglobin in fetal blood (epp) 0.155 g Hb/ml blood [1]
Fetal hemoglobin binding capacity (53) 1.42 ml Oq/g Hb 2]
Amount of oxygen in moles per litre of oxygen (k) 1/22.4 mol/1

Oxygen content of fetal blood at full saturation (cpax = 9.82 mol/m?

e, - - k)

Density of blood (pp1) 1000 kg/m3 3]
Henry’s law coefficient (kpy) 7.5 x 10> mmHg kg/mol 5]
Partial pressure of oxygen in the maternal blood in the 60 mmHg [6]
intervillous space

Gradient of linearized fetal oxygen-hemoglobin dissociation 0.019 mmHg "

curve (K)

Oxygen advection enhancement parameter B = 1 + 141
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