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Additional Methods:

Reaction between NaOH and CO:

The mechanism of neutralization between NaOH and CO: depends on the
concentration of the NaOH solution and on the pH value.

When NaOH is very diluted (pH<10) hydration of CO2 occurs and H2CO:s is
formed. Carbonic acid then reacts with NaOH to form sodium bicarbonate (NaHCO:s):

CO2+ H20 = H2COs

NaOH + H2COs=NaHCOs+ H20

When NaOH solution is highly concentrated one (pH>10), carbon dioxide
directly reacts with NaOH forming bicarbonate. Bicarbonate further reacts with the
alkali to form sodium carbonate (Na2COs):

NaOH + CO2=NaHCO:s
NaHCOs+ NaOH = NaCOs+ H20

Thus, highly concentrated NaOH solutions may absorb a conspicuous amount of COz
while keeping PCO: almost down to zero.

When the concentration of the alkali solution is quite low compared to the
amount of CO:2 added, the reaction proceeds via the formation of carbonic acid and
PCO:z increase. But the acidic oxide is not completely neutralized in this case.

Mathematical Model:

To simulate the effects of CO:z absorption by aqueous NaOH we computed the
solutions of a system of equations starting from standard mass-action, mass-
conservation and electroneutrality laws.

We simulated a closed system with aqueous NaOH at varying concentrations
and flows in which we introduced a CO:. The species involved in the equilibrium were
water, NaOH and CO..

Gaseous carbon dioxide dissolves in water (COzdissolved) and it forms carbonic
acid (H2COs):

CO:2 + H20 = H2CO:s

which dissociates in proton (H*) and bicarbonate (HCOs"):

H.COs = HCOs + H*

The bicarbonate may furtherly dissociate in H*and carbonate ion (COs%):

HCOs = COs* + H*
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The dissociated plus the undissociated forms of carbonic buffers are termed total CO2
(TCO).
Accordingly:

[HCO, 1x[H"]

[CO,dissolved ]

where K. represents the carbonic dissociation constant, which, in plasma, is equal to
= 10612=7 43E-7 (pKc = 6.129),

[CO,” Ix[H"]
[HC03‘2 ]

Where Ks is equal to = 101932 = 4.69E-11 (pKs = 10.329)
and

= K. (Equation S1)

= K, (Equation S2)

[TCO,]=[HCO, ]+ [CO32_] +[CO,dissolved ] (Equation S3)
Finally CO:dissolved is equal to the product of solubility of CO:z (o = 0.0307 mmolxL-
IxmmHg 1) and partial pressure of COx:

[CO,dissolved] = a x PCO, (Equation S4)
Water dissociation is characterized by the equation:
[H1x[OH"] _
[#,0]
where, at 37°C, Kw is equal to 4.3x10E-16, and [H20] is the molar concentration of water,
i.e. 55.3 molxL". As Kw is relatively small the changes in water concentration are

K, (Equation S5)

insignificant compared to the total water concentration. Therefore, it is commonly
accepted that the product Kw x [H20] is constant (water ionic product, K'w). This means
that:

[H"]x[OH ]= K"}, = 10E-14 (equation S6)

Sodium hydroxide (NaOH) is a strong base almost completely dissociated in
water into sodium ions (Na*) and hydroxyl ions (OH-). This means that the dissociation
constant is much higher than 1 (K~1.0000E+03, pK = -3). Analogously to weak
substances, we can refer to an hypothetical undissociated form as NaOH and we can
define Natot as the sum of Na* and NaOH. Accordingly:

Na*]x[OH~ .
% = Kyqon (Equation S7)
where Knio is the dissociation constant of strong electrolytes equilibrium;
and
[Na*] = [Natot] — [NaOH] (Equation S8)

Finally, according to electroneutrality law:
[Na*]+ [H*] — [HCO3] — 2 X [C0%27] — [OH™] (Equation S9).

The final system was composed of equations S1, S2, S3, 54, 56, S7, S8 and S9 and
was solved for [H*], [OH-], [HCOs], [COs%], [COxdissolved], PCO;, [Na*], [NaOH].
Finally, pH was computed as:

pH=-log10[H*] (Equation S10).
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We simulated a closed system with aqueous NaOH at varying concentrations
(from 10 to 100 by 20 mmol x L') in which we introduced CO: at different concentrations
(from 0 to 100 by 5 mmol x L-1).

The system was solved iteratively substituting incrementing of 0.001 pH values
from 0 to the maximal pH (i.e. pH value of the solution at the current NaOH
concentration when no CO:z was added) and minimizing the difference between added
and estimated TCO:z. Estimated TCOz was computed according to equation S3.
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Computed variables

Bicarbonate ion concentration ([HCOs]) was calculated from pH and PCO:
[HCO; ]
x PCO,

where 0=0.0307 mmol x L x mmHg (solubility of CO: in plasma) [1,2] and pK = 6.129
(negative logarithm of the equilibrium constant) [2—4].

according to the Henderson-Hasselbalch equation ( pH = pK + log,, )

HCO; =a x PCO, x107"7%

Plasma carbon dioxide content (expressed in mmol x L) from each side of the
membrane was calculated according to the logarithmic form of the Henderson-
Hasselbalch equation for CO: using the method published by Douglas et al. [5]:

TCO, = a x PCO, x (1+10777%)

Carbon dioxide transfer across the membrane, VCO: (expressed in mLx min'),
was calculated from the transmembrane TCO: difference:

VCO, = (TCOypgr — TCO,ppst) X blood flow x 25.45

TCOnurre represents CO2 content before the membrane while TCOzrosr is the CO:2 content
after the membrane, blood flow is measured in L x min-! and the conversion factor is in
mL x mmol-!.
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Additional Table
Table 1s
P P p
NaOH 10 30 60 90 100 cone. | PRE/| o
| post| """
PRE | 7.328(7.323 — 7.333) | 7.333 (7.324 — 7.336) |7.315 (7.300 — 7.322) | 7.331 (7.314 — 7.346) | 7.331 (7.327 — 7.334) | 0.044 |<0.001] 0.005
POST 7.577 (7.485 — 7.732 (7.651 — 7.862 (7.790 — 7.906 (7.870 — 7.913 (7.885 —
pHS 7.643)*1 1 # 7.753)*# 7.893)* 7.948)* 7.943)*
Differen |  0.249 (0.152 — 0.396 (0.325 —
557 (0.487 — 0.574) | 0.575 (0.556 — 0.602) | 0.585 (0.556 — 0.612) | <0.001
- 03211 17 041851 17 0.557 (0.487 — 0.574) | 0.575 (0.556 — 0.602) | 0.585 (0.556 — 0.612) | <0.00
PRE 59.4 (58.4 — 60.4) 584 (57.6 — 58.8) | 59.1(58.0 — 614) | 59.0(57.1 — 60.9) | 59.5(58.6 — 60.7) | 0.100 |<0.001| 0.042
PCO: | POST |27.3(21.9 — 354)*11# | 162 (151 — 214y | 120 (11.0 — 15.0)* | 11.4(102 — 12.4)* | 12.4 (113 — 13.1)*
(mmHg)* | Di 2322 (-38.6 — -
8| Differen 32.2(-38.6 414 (431 — -36.8) | -47.7(-49.5 — -44) | -47.8 (-48.6 — -47) | -48.2 (-48.4 — -46.6) | <0.001
ce 23.1)8! I#
157.0 (1535 — 145.5 (145.0 — 147.5 (146.0 —
5(151.0 — 157. 125.0 (124.5 — 125.0) | <0.001 | 0.676 | 0.
PRE 159503 1535 (151.0 — 157.5)# 150.5)¢ 151008 5.0 (124.5 — 125.0) | <0.001 | 0.676 | 0.006
PO: 159.0 (149.5 — 151.0 (142.0 — 136.0 (129.5 — 140.0 (128.0 — .
(mmHg) | TO5T 176.0)§ 1 1# 170.0)§ 1 1# 152.5)¢ 156.0)# 109.2(97.2 — 126.5)
D‘fizre“ 2.0 (-4.0 — 16.5)¢ 5.0 (-13.0 — 16.5) 95(-160 —25) | -75(-180 —5.0) | -153(273 —1.5) | 0.006
. PRE 43 (4.3 — 4.3)§# 44 (44 — 45) 45 (4.5 — 4.5) 44 (44 — 45) 45 (44 —45) | 0.005 | 0.005 | 0.366
(mEqul | _POST | 43(42 — 43yt 43 (43 — 4.3) 4444 — 45) 43 (4.3 — 4.4y 44 (43 — 4.4y
1) D‘f(f::re“ 0.0 (0.1 — 0.0) 0.1 (-02 — -0.1) 0.0 (0.1 — 0.0) -0.1(-0.1 — -0.1) 0.1(-01 —-0.1) | 0.366
Na* PRE | 140.5(140.0 — 141.0) | 1415 (1405 — 1435) | 140.5 (139.5 — 141.5) | 140.0 (139.0 — 142.5) | 142.5 (142.0 — 143.0) | 0.429 | <0.001 | 0.263
(mEqxL- . .| 13700365 — 137.0 (136.0 — 139.5 (139.0 —
y POST | 1385 (137.5 — 139.0)* | 137.5 (137.0 — 138.5) 139.0) 139.0) 140.0)
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D‘fizre“ 2.0 (3.0 — -1.5) 4.0 (-55 — -3.0) 2.5 (-4.0 — -1.5) 3.0 (35 — -3.0) 3.0(3.0 —-3.0) | 0263
o PRE | 1.1(L1—11)0°§1# | 12(1.2 — 1.2)§! I# 13(13 — 1.4) 13(13 — 1.4) 14(14 —14) |<0.001]<0.001]|<0.001
(mE:xL_ POST | 1.0(1.0 — 1.0)*§!1# | 1.1(1.0 — 1L1y§11# | 1.2(1.2 — 1.2)% 12(1.1 — 1.2)% 13(13 — 1.3)
s le‘::ren 0.1(-0.1 —-0.1°§11 | -0.1(-01—-01)11 | -01(-02—-01)# | -02(-02—-02)% | -01(-01—-01) |[<0.001
PRE | 107.0 (106.5 — 107.0)% | 106.0 (104.5 — 106.0)# | 108.0 (106.5 — 108.0) | 108.0 (105.5 — 108.5) | 110.0 (110.0 — 110.0) | 0.017 | <0.001 | 0.190
Ccr POST 110.0 (1085 — 110.5 (109.5 — 112.5 (110.5 — 112.0 (109.5 — 114.0 (114.0 —
(mEqxL- 111.5)*# 111.0)*# 113.0)* 113.0)* 114.0)*
1)$ 3
) le:ren 3.0 (2.0 — 4.5) 5.0 (4.5 — 5.5) 45 (4.0 — 5.0) 4.0 (4.0 — 4.5) 4040 —40) | 0135
. PRE | 23(23 — 2.4)°§l1# 2.5 (2.5 — 2.6)§# 3131 — 3211 2.7 (2.6 — 2.8)¢ 44 (42 —45) |<0.001] 0517 | 0.736
(mE:CxL_ POST | 2423 — 2.4)°§l1# 2.7 (24 — 2.9)§¢ 31(3.1—32) 2.6 (2.6 — 2.7)¢ 43 (42 — 45)
1) D‘f::ren 0.0 (0.0 — 0.1) 0.1(-0.1 — 0.3) 0.0 (-0.1 — 0.1) 0.0 (-0.1 — 0.0) 0.0(-0.1 — 0.0) | 0.842
13.90 (13.90 — 14.10 (14.00 — 10.40 (10.35 — 10.55 (10.50 —
20(9.10 — 9. <0.001| 0.651 | 0.1
PRE 13.95)81 1# 14.20)81 1# 10.45)# 10.60)# 920 (9-10 —9.30) 1 <0.0011 0.651 | 0.183
Hb 13.85 (13.80 — 14.05 (13.85 — 10.50 (10.50 — 10.55 (10.50 —
9.25 (9.15 — 9.35
(gxdLy) | TOST 13.95) I# 14.20) 14 10.50)# 10.80)# > )
Differen
. -0.10 (-0.10 — 0.00) | 0.00(-0.20 — 0.05) | 0.10(0.05 — 0.15) | 0.00(0.00 — 0.20) | 0.05(0.00 — 0.10) | 0.183
PRE 28.8 (28.7 — 29) 285281 — 28.7) | 279277 —279) | 28.8(28.6 —289) | 29.1(28.7 — 29.5) |<0.001|<0.001| 0.021
HCO> 232 (219 —
19.9 (19.5 — 21.3)% | 20(19.6 — 20.8)# | 20.7 (204 — 21y*# | 22.7 (22.2 — 23.1)*
(mmobxt. | FOST 2057 | 9.9 (19.5 — 21.3) 0(19.6 — 20.8) 0.7 (20 ) ( 3.1)
1 .
) leizren 5.6 (7.1 — -4.2) 8.6 (-9.2 — -6.8) 7.9 (-83 — -6.9) 7.9 (-84 — -7.7) 64 (-6.6 —-6.3) | 0.021
plasma | PRE 30.7 (30.5 — 30.8) 30.2(29.9 — 305) | 29.7(29.5 —29.8) | 30.6(30.5 — 30.6) | 309 (30.5 — 313) |<0.001<0.001| 0.019
TCO: | POST | 24 (22.6 — 25.6)°§1 | | 20.4(19.9 — 21.9y*# | 20.3(20 — 213)*% | 21.1 (20.8 — 21.3)*# | 23.1 (22.5 — 23.5)*
(mmolxL i
2 leﬁ:re“ 6.6 (-82 — -4.9)1 | 9.9 (-10.5 — -7.9) 9.4 (9.8 — -8.3) -9.4(-9.8 — -9.2) 78(-81—-77) | 0.019
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VCO:2
(mLxmin 73.9 (54.3 — 91.8)1 | 109.7 (88.3 — 117.1) 104.5 (92.8 — 108.7) | 104.3 (102.4 — 109.0) | 87.2 (85.8 — 89.9) 0.019
.1)

Table 1s: Safety and feasibility tests results. Abbreviations: PCO, partial pressure of carbon dioxide; PO, partial pressure of oxygen; Na*, sodium; K,
potassium; Ca*, calcium; CI-, chloride; Lac, Lactate; Hb, Hemoglobin; HCO3:, bicarbonate, TCO, total COz content, VCO2, amount of carbon dioxide removed by
the membrane lung. Data are expressed median (IQR); Differences were computed as POST values — PRE values. P: P values of two-way ANOVA RM or two-
way ANOVA RM on ranks (%) for PRE and POST values (P PRE/POST) and NaOH concentration (P Conc.) and interaction (P int.); one-way ANOVA RM or one-
way ANOVA RM on ranks were applied for difference values. Post-hoc analysis with Bonferroni or Tukey corrections: * P<0.05 vs pre; © P<0.05 vs 30; § P<0.05 vs
60; || P<0.05 vs 90; # P<0.05 vs 100.
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