Supplementary Information
Cardiovascular deconditioning during long-term
spaceflight through multiscale modeling

C. Gallo, L. Ridolfi, S. Scarsoglio

Multiscale model

A comprehensive description of the multiscale model is presented, with Supplemen-
tary Table [T displaying the nomenclature adopted. The equations representing each
cardiovascular sub-model are summarized in the following subsections, together with
the parameter values in 1G supine and OG configurations. The multiscale model is
physical-based and parameters are measure-based, so there cannot be any statistical in-
ference or overfitting between parameters and obtained results. Parameters were given
in terms of geometrical, mechanical and structural properties of the cardiovascular sys-
tem (such as vessel diameter and length, resistances, compliances, inertances, etc),
while raw results were expressed in terms of fluid dynamics variables, such as blood
flow rates, volumes, pressures, vessel cross-sectional areas, and valve opening angles.

Arterial tree

The arterial tree consists of 48 large-to-medium sized arteries, neglecting the right
leg because of the symmetry in the arterial networks of lower extremities. Large-to-
medium sized arteries were solved through the 1D model proposed by Guala and co-
authors [1,2]. Mass and momentum balance equations were integrated over the arterial
section, leading to the following 1D system
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with z the axial coordinate, ¢ time, A the vascular section, () the flow rate, P the
pressure, 3 the Coriolis coefficient, p the blood density, and N4 the viscous term. Since
A and @ are dependent variables, a constitutive equation for pressure is introduced

1 0Q
5 \/Z o )
where the coefficients B;, for ¢ = 1 : 5, contain all the information about the regional
mechanical properties of the arterial walls.
A more detailed presentation of the 1D model was provided in previous studies [1-
3||, while geometrical data of the arterial tree and characteristic impedances of terminal
arteries are reported in Supplementary Table [2]

P =B+ ByA+ B3;A>+ B,A®>— B (2)



Peripheral, venous and pulmonary circulation

Arterioles, capillaries, venules, veins, pulmonary arteries and veins were all reproduced
through RLC electric circuits [4H6]. The RLC circuit for the generic j-th compartment
was resolved as follows
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In this latter, V; and V; ; are the total and unstressed volumes associated to the com-
partment, ();_; and @); are the flow rates entering and exiting the compartment, and
P; and P;, are the pressures at the inlet and outlet of the compartment. Resistances,
R;, inertances, L, and compliances, C}, are proper of each compartment and chosen
according to [51/6]] with adjustments as indicated in Supplementary Table[3] Unstressed
volumes of all compartments, provided as well in Supplementary Table[3] were chosen
in order to make a total blood volume of 5.5 1 and respect the physiological distribution
of blood within both vascular and body regions [7} 8] for a healthy subject in supine
condition.

Cardiac chambers

Similarly to what proposed by other authors [4H6]], the dynamics of the cardiac cham-
bers were mimicked through a time-varying elastance model as

Pch = Ech(vch - ‘/O,ch)a (4)

This relation links the chamber pressure, P.j, to the stressed chamber volume, (V. —
‘/070;1), through the elastance function, E.;, = E4 cnech + EBch. EB,cn and E 4 op
are the minimal and amplitude values of the elastance, respectively, e.; is a normal-
ized time-varying function of the elastance having a different expression for atria and
ventricles. Atrial, e,, and ventricular, e,, functions were determined as indicated by
[4-6], namely
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where T,,./T,, and T,,./T,,, are the periods of contraction/relaxation for atria and ven-
tricles, t,. and ¢, are the times when atria start contracting and relaxing, respectively.
Characteristic times of the e, and e, functions, E4 ¢4, EB cn, and Vp o, values were
taken as suggested in [4H7] with adjustments and are listed in Supplementary Table [4]

Cardiac valves

The motion of each cardiac valve was adequately modeled through the pressure-flow
relation presented by Blanco et al. [4} 9], namely
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This system leads to the approximation of the valvular flow rate based on the fluid
inertance, L,,, the viscous resistance, R,,, the turbulent flow separation coefficient, B,,
the pressure difference across the valve P; — P5, and the degree of the valve opening
angle, 6,,, that is, between 0 and 6,,,,=75°. 8, was calculated based on the rotational
inertia (/,,) and the forces applied on the valve leaflets, that is, the pressure gradient,
F,,, the dynamic action of the blood pushing on the blood leaflets, Fy,,, the frictional
effects caused by the tissue resistance, Fy,., and the role of the vortexes downstream of
the valve, F,,,. Forces applied on the valve leaflets and related parameters were set as
in [4].

Baroreflex model

A short-term regulation of the arterial pressure was guaranteed by the baroreflex model
presented by Ottesen et al. [10]]. At the end of each heartbeat, the mean aortic-carotid
sinus pressure, p,cs, was evaluated as the arithmetic average of the aortic, right- and
left-carotid sinus pressures, each averaged over the previous heartbeat duration, as sug-
gested by [[11]. Sympathetic (n5) and parasympathetic (n,,) responses were evaluated
as
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with v determining the steepness of the sympathetic and parasympathetic activities,
and pacs,ref €qual to the reference aortic-carotid sinus pressure. In 1G supine condition
v=T and the baseline steady-state values are p,cs rer=92.61 mmHg and H R=75 bpm,



as set in [[10]. Reactions of efferent organs were advanced in time through the ordinary
differential equation
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with x, the k-th efferent organ, oy, and [, the weights of the sympathetic and parasym-
pathetic activities, and +y;, equal to x; when ng=n,,. Efferent organs are the heart rate
(H R), the amplitude values of left- and right-ventricular elastance (E4 j,—ry), arterio-
lar and capillary resistances (R.+—.), compliances and unstressed volumes of venules
and veins (Cyen—y and Vj yen—y). Parameters of the baroreflex model reported in Sup-
plementary Table [5] were set as in [10], with adjustments suggested as in [L1} [12].
Baseline steady-state values for E4 jy—rv, Rart—cs Coen—v, and Vg yen—p in 1G and
0G conditions are provided in Supplementary Tables [3|and[d] Values at 1G are set in
Supplementary Table [3|following [3 6] with adjustments, and in Supplementary Table
[ following [4H7]. Values at 0G are explained in the ”Spaceflight setting: cardiovascu-
lar mechanisms and adopted changes” Section.

Numerical method

The mathematical model was solved through a two-steps Runge-Kutta Discontinuous-
Galerkin approach. In particular, space was discretized by a Discontinuous-Galerkin
scheme, while temporal advancement was managed through a two-steps Runge-Kutta
method. Boundaries between 1D elements (arterial bifurcations) or 1D and OD models
(aortic valve and arterial characteristic impedances) were solved by combining physical
and compatibility conditions. Physical conditions were represented by the conserva-
tion of mass and total pressure at arterial junctions, system (@) for aortic valve, and
the constitutive equation of the characteristic impedance at the interface between arter-
ies and arterioles. Compatibility conditions derived from the quasi-linear form of the
system solving 1D arteries and allowed us to link A and () at terminal arteries.

Definition of cardiac parameters

End-systolic left ventricular volume, V},.s [ml], is the left ventricle volume at the clo-
sure of the aortic valve, end-diastolic left ventricular volume, Vj,.q4 [ml], corresponds
to the closure of the mitral valve. Stroke volume is defined as SV = Vjyed — Vives [ml],
ejection fraction is EF = SV /Vjyeq - 100% [%]. Cardiac outputis CO = SV - HR
[/min], stroke work, SW/min [J/min], is measured as the area within the left ventricle
pressure-volume loop per beat. P, sys¢ [mmHg] and P, g;4s [mmHg] are the systolic
and diastolic central aortic pressures, respectively. The mean arterial pressure is esti-
mated as M AP = 2 P.q gias + 5 Pea,syst- OXygen consumption is estimated through:
(i) tension time index per minute, 771 /min = P,,-RR-HR [mmHg s/min], where
P, is the mean value of the left ventricular pressure, P, over a cardiac beat; (ii) and
the rate pressure product, RPP = P, syst - HER [mmHg/min]. The augmentation
index (AI) is the ratio between the augmented pressure (AP) - which is the difference
between systolic pressure and the first systolic shoulder caused by wave reflection - and
the pulse pressure (PP), being this latter the difference between systolic and diastolic
pressures [13]. Both AI and PP are evaluated for the ascending aortic pressure, namely
AIAA and PPAA.



Spaceflight setting: cardiovascular mechanisms and adopted
changes

The cardiovascular changes due to weightlessness included into the model are fully
described. The 0G setting was based on a comprehensive bibliographic investigation,
where more than fifty studies have been considered. As mentioned in the Main Text,
more recent studies of long-term spaceflights with customary countermeasures have
been preferred, by paying less attention to the others, such as ground-based and simu-
lated microgravity experiments [[14-22], short-term spaceflights [[23430], older studies
[14] [15) 131H35], spaceflights with declared regular countermeasures [36439], studies
with different baseline posture [26] and focused on transient non-steady state response
[26H28] 140H42].

Blood shift

We focused on blood shift only, since the present model is able to actively handle vari-
ations of blood in volume and distribution. Effects of interstitial fluid shift and muscle
atrophy were intrinsically taken into account in the overall setting of the long-term
spaceflight configuration, in particular by modifying the total and unstressed volumes
of all the cardiovascular compartments, as cleared in the next paragraphs.

To evaluate blood shift from lower to upper body we need to define: (i) the reference
shift point, and (ii) the amount of blood volume.

(i) The volume indifference point (VIP), defined as the body region where blood
volume does not change as posture varies, individuates the reference point for the fluid
shift and determines the partition between upper and lower body [43]. Although there
is an intersubject variability, VIP is usually located in the abdominal region. It was
observed that each cardiovascular region experiences a blood volume variation due to
posture which increases (in absolute terms) with the distance between the VIP and the
center of mass of the region itself [44]. Moreover, the severity of orthostatic intolerance
was related to the VIP position [43]. We here set the VIP at the abdominal level,
between the epigastric and mesogastric planes, according to the most common VIP
position which is typically located at about 65% of an individuals height [44]. In
so doing, the lower body includes the legs and the lower abdomen (hypogastric and
mesogastric planes), while the upper body consists of the upper abdomen (epigastric
plane), the thoracic-cardiac region, head and arms (see Fig. 5).

(i) To estimate the amount of blood shift, ground-based experiments (e.g., wa-
ter immersion and bed rest studies) were not fully exploitable: they alter but do not
eliminate the hydrostatic pressure gradient, also introducing side effects such as fluid
movement from interstitial to intravascular space and abnormal mechanoreceptor stim-
ulation due to the contact with bed [[16H19, 21} 32, 145]. Measurements from space
missions showed that both legs, with respect to the upright position in 1G, lose 1200-
1400 ml during the first day in microgravity and up to 2 I after 4-5 days [32,133} 135} 146].
However, these data rather than to blood shift referred to fluid shift, which is ruled by
different other midterm transient mechanisms, such as interstitial fluid shift, blood vol-
ume reduction, and muscle atrophy [33}147]. Given the substantial lacking of definitive
data on blood shift, we estimated it from lower limbs data measured during parabolic
flight. We reasonably assumed that the short term exposure to microgravity (20-30
[s] per session) only induces blood shift, without promoting the above midterm mech-
anisms acting on larger temporal scales (minutes to hours). For blood shift of other



regions, in particular lower abdomen and upper body, considerations based on the ves-
sel distensibility and the distance from VIP were combined together and referred to the
legs data.

Lower body

From parabolic flight we managed to infer that during microgravity both legs lose about
330 ml of blood with respect to the upright position in 1G [47, 48]. Considering that
in 1G blood volume of both legs is about 900 ml in supine position [8] and 1265 ml in
upright position [49,150]], we plausibly supposed that blood shift is directly proportional
to the reference 1G condition (either upright or supine). We obtained a blood shift of
235 ml for both legs with respect to the 1G supine condition.

To estimate lower abdomen blood shift, we accounted for both compliance and distance
from VIP values, taking legs data as reference. Lower abdomen is a bit more compliant
than lower limbs (17.28 vs 10.42 ml/mmHg, estimated by [6]), but closer to VIP than
legs (14.70 vs 44.10 cm, center of mass distances, [51]]). By equally weighting the two
contributes and assuming a direct proportionality with respect to the blood shift from
the legs, we achieved a blood shift from lower abdomen of about 234 ml.

The overall computed blood shift from lower body was about 469 ml with respect to
the 1G supine condition. If referred to the 1G upright condition - considering that blood
shift from legs is 330 ml [47, 48] and from lower abdomen with the above adopted
criteria is 329 ml - we would have attained an overall lower body blood shift of 659
ml. This value is close to the 700 ml found as the most reliable estimate of lower body
blood shift in microgravity with respect to the 1G upright condition [32}33]]. The good
agreement is an a posteriori validation of the realistic blood shift here proposed.
Upper body
We supposed that the 469 ml of blood leaving the lower body are distributed in the up-
per body with the same above criterion, which equally combines vessel compliance and
distance from VIP: regions more compliant and further from VIP proportionally receive
more blood volume. By dividing the upper body into three main regions (head-arms:
C=15.63 ml/mmHg, d=24.20 cm; cardiac-thoracic: C=50.12 ml/mmHg, d=24.20 cm;
upper abdomen: C=50 ml/mmHg, d=7.85 cm, [6}/51]), the head-arms, cardiac-thoracic,
and upper abdomen regions received 133, 202, and 134 ml of blood, respectively.

Blood volume reduction

Blood volume reduction occurs during sustained presence in microgravity [52H54],
starting from the very beginning (17% plasma reduction was observed on the first day)
and completing within 6 weeks [45}155]. Different literature data indicated the decrease
of total blood volume in the range between 9% and 15% [55H359]. Accordingly, we set
the blood volume percentage variation around the average value of the above interval,
namely -11.5%. Within each region, total volumes, V', were reduced proportionally to
the configuration after blood shift. Unstressed volumes V;, were set to preserve V;/V
as in the configuration after blood shift only.

Cardiac function

Long-term data regarding cardiac function are conflicting mainly due to the presence
of a strict countermeasure protocol. If countermeasures were substantially absent or
not regularly followed, cardiac dysfunction and atrophy started to emerge [56, 157, 60].
The adoption of an intense exercise program was able to most contrast cardiac atrophy
[61}162] and limit cardiac dysfunction [39]]. In any case, the reduction of contractility



and cardiac function was quantified by the decrease of Vj,.q between 5% and 13%
[39, 156, [57. [63] 164], SV between 14% and 23% [39, 56, 57, 163]], and E'F' between
5% and 11% [39, 156} 157, 163} 164]. Given the rapid postflight cardiac recovery, these
variations seemed not to be related to structural cardiac changes, but plausibly related
to a cardiac remodeling induced by an intrathoracic overpressure, which in turn leads
to cardiac volume and compliance variations [S6].

In absence of precise indications in literature, we based elastance variations in
agreement with the observed reduction of the contractile indexes and plausibly assumed
a percentage variation similar to the one observed for the leg venous compliance (see
next Section). Amplitudes of left ventricular (E 4 ;,,) and right ventricular (E 4 ;.,) elas-
tances were therefore decreased by 27%. Minimum left and right ventricular elastance
values (E'p 1, and Ep .., respectively) were increased by 3% with respect to the 1G
supine condition, to accommodate contractile reduction and considering that minimum
values are related to the diastolic phase, which is mildly involved in defining the con-
tractile capability (i.e., percentage variation about ten-fold lower). Given the lack of
definitive data on the right heart, we assumed for the right ventricle the same percent-
age variations adopted for the left ventricle. To account for the increased intrathoracic
pressure without modifying VIP position, pulmonary arteries and veins compliances
were increased by 4% and 5%, respectively. The good validation results obtained for
contractile indexes reported in the Main Text a posteriori support the adopted parame-
ter choice.

In the long-term cardiac volume reduction was found beetween -8% and -14% with
respect to preflight [39) 154]. We took a 10% cardiac volume reduction, which is an
intermediate value within the indicated range, with respect to 1G supine condition. This
variation was obtained by decreasing the unstressed volume of all cardiac chambers by
90% with respect to 1G supine condition.

Legs venous compliance

Although few contrasting results did not highlight any variation [21} 30], different
studies showed an increase of the legs venous compliance after long-term exposure
to simulated or real microgravity [14) |15} 22} 64H67]]. Recent outcomes of long-term
spaceflights were the most reliable ones and attested this change between +25% and
+33.33% [64-H66]. We considered an increase of the legs venous compliance by 27%
with respect to 1G supine condition.

Arterial resistances

Long-term exposure to microgravity leads to a reduction of the lower limbs resistances
and an increase of the cerebral resistances, with respect to the preflight condition. In
particular, it has been observed a decrease of the renal resistance by 15% [63} 168, 169]
and of the femoral resistance between 5% and 12% [39, |63, [64], after 4-6 months
of spaceflight. Cerebral resistances increased between 5% and 15% [39, 163} 68| 169].
Moreover, all arterial resistances below the heart level were supposed to drop during
spaceflight due to the missing gravitational stimuli [64]. According to this and without
further indications on specific sites, we reduced all arterial resistances of the lower
body (below VIP) by 10% with respect to 1G supine condition. On the contrary, we
increased resistances of vertebral and carotid arteries by 10%, which is the average
value of the observed range of variations.



Baroreflex response

Since our goal is to reproduce the long-term spaceflight configuration in steady state
condition, we only considered variations related to the baseline steady-state values of
baroreceptor mechanisms.

Chronotropic effects were observed in weightlessness depending on the mission length
and the adoption of countermeasures. During long-term spaceflight, H R was found to
remain constant or either increase. The great variability of results is mostly due to the
fact that variations were often referred to either sitting/upright or supine 1G conditions
(recall that in 1G upright condition H R is up to +24% than in 1G supine condition
[37]). However, we focused on variations with respect to the 1G supine condition and
HR increased from 5% to 15% [34, 13639, 156, 157]]. We set the H R baseline steady-
state value equal to 84.75 bpm, as increased by 13% with respect to the 1G supine
condition.

The mean arterial pressure, M AP, in long-term spaceflight resulted in a reduction
between 2% and 10%, with respect to 1G supine condition [36H39]. The smallest re-
ductions occurred when a specific countermeasure protocol was adopted. Since our aim
is to study spaceflight variations without ad hoc countermeasures, we set the baseline
steady-state value of the average aortic-carotid sinus pressure pqcs ref €qual to 83.28
mmHg, as decreased by 10% with respect to the 1G supine condition.



Symbol Description Symbol Description

VIP Volume indifference point  C), Venous compliance

HA Head and arms R, Venous resistance

UABD  Upper abdominal L, Venous inertance

L ABD Lower abdominal Che Vena cava compliance
LEGS Legs R,. Vena cava resistance

SVC Superior vena cava Ly Vena cava inertance

IvC Inferior vena cava E,., Right-atrial elastance

RH Right heart E,, Right-ventricular elastance
PC Pulmonary circulation E. Left-atrial elastance

LH Left heart Ep, Left-ventricular elastance
RA Right atrium Ry, Tricuspid valve resistance
TV Tricuspid valve Ly, Tricuspid valve inertance
RV Right ventricle Ry, Pulmonary valve resistance
PV Pulmonary valve Ly, Pulmonary valve inertance

P ART  Pulmonary arteries Chpa Pulmonary arteries compliance
P VEN  Pulmonary veins Ry, Pulmonary arteries resistance
LA Left atrium Cpu Pulmonary veins compliance
MV Mitral valve Ry, Pulmonary veins resistance
LV Left ventricle R Mitral valve resistance

AV Aortic valve Lo Mitral valve inertance

Z; Characteristic impedance R, Aortic valve resistance

Court Arteriolar compliance Ly Aortic valve inertance

Ryt Arteriolar resistance Pacs Aortic-carotid sinus pressure
Lyrt Arteriolar inertance HR Heart rate

C. Capillary compliance Ng Sympathetic signal

R, Capillary resistance np Parasympathetic signal

L. Capillary inertance E4 o RV elastance amplitude
Cren Venular compliance E4 LV elastance amplitude
Ryen Venular resistance Vo,ven Unstressed venular volume
Lyen Venular inertance Vo Unstressed venous volume

Supplementary Table 1: Legend of the multiscale model (see Fig. 5 of the Main Text).



N Arterial segment 14 D, Dot Z
(Right/Left) [mm] [mm] [mm] [mmHg s/ml]
1 Ascending aorta 40 29.40 28.80
2 Aortic arch A 20 24.10 24
3 Brachiocephalic 34 19.39 18
4/19 Subclavian A 34 12.88/11 9/8.5
5/15 Common carotid 94/139  15.12/12.36 716
6/20 Vertebral 149/148 4.07/3.85 2.80/2.80  11.72/11.72
721 Subclavian B, axillary, brachial = 422/422 8.91/8.42 4.70/4.70
8/22 Radial 235/235 3.70/3.29 3.10/2.80 9.27/11.72
9/23 Ulnar A 67/67 3.70/4.04 3.40/4.04
10/24 Interosseous 79/79 2.10/1.80 1.80/1.80  32.37/32.37
11/25 Ulnar B 171/171 3.20/4.10 2.80/3.70 11.72/6.17
12/16 Internal carotid 178/178 5.70/5.04  4.30/4.10 4.37/4.87
13/17 External carotid 41/41 5/4.47 4.50/4.10 3.93/4.87
14 Aortic arch B 39 22.04 20.80
18 Thoracic aorta 52 20 18.90
26 Intercostals 80 12.60 9.50 0.71
27 Thoracic aorta B 104 16.50 12.90
28 Abdominal aorta A 53 12.20 12.20
29 Celiac A 20 7.80 6.90
30 Celiac B 25 5.20 4.90
31 Hepatic 66 5.40 4.40 4.14
32 Gastric 71 3.20 3 7.09
33 Splenic 63 4.20 3.90 5.47
34 Superior mesenteric 59 7.90 7.10 1.38
35 Abdominal aorta B 20 11.50 11.30
36/38 Renal 32/32 4.94/4.94 4.94/5.2 3.17/2.82
37 Abdominal aorta C 20 11.21 11.21
39 Abdominal aorta D 106 11.02 11
40 Inferior mesenteric 50 4.70 3.20 8.62
41 Abdominal aorta E 20 10.80 10.40
42 Common iliac 59 7.90 7
43 Inner iliac 50 4 4 5.16
44 External iliac 144 6.40 6.10
45 Deep femoral 126 4 3.70 6.17
46 Femoral 443 5.20 3.80
47 Anterior tibial 343 2.60 2.30 10.20
48 Posterior tibial 321 3.10 2.80 11.72

Supplementary Table 2: Geometric and material data of the arterial tree: arterial seg-
ment length, ¢, proximal and distal lumen diameters, D;, and D,,;, characteristic
impedances, Z, of terminal arteries. Z is calculated as pPW'V/A,,., where p = 1050
kg/m? is the blood density, PWV is the pulse wave velocity, and A,,; is the distal
area. First column (N) refers to the numbering adopted in Fig. 5 of the Main Text.
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Cardiovascular 1G 0G
region R,C L,V R,C L,V
Arteries
Pulmonary 0.08, 3.8, /, 42.80 0.08,3.97,/,58.24
Arterioles
Vertebral (6/20) 25.88,0.013, 0.019, 4 28.40, 0.013, 0.019, 2.85
Radial (8/22) 17.03,0.014, 0.018, 3.40 17.03, 0.014, 0.018, 2.25

Interosseous (10/24)
Ulnar B (11/25)

Internal carotid (12/16)
External Carotid (13/17)
Intercostals (26)
Hepatic (31)

Gastric (32)

Splenic U (33)

Splenic L (33)

Superior mesenteric (34)
Renal U (36/38)

Renal L (36/38)

Inferior mesenteric (40)
Inner iliac (43)

Deep femoral (45)
Anterior tibial (47)
Posterior tibial (48)

393.70, 0.0009, 0.07, 3.40
19.69, 0.014, 0.018, 3.40
23.60, 0.015, 0.017, 4
21.85,0.015,0.017, 4
5.61, 0.054, 0.009, 6.60
16.24, 0.021, 0.015, 29.60
8.91, 0.033, 0.012, 8.90
127.98,0.014,0.11, 11.20
25.60, 0.014, 0.022, 11.20
3.85,0.081, 0.007, 15.40
8.62, 0.068, 0.016, 5.70
8.62, 0.068, 0.016, 5.70
30.74,0.011, 0.02, 11.50
23.48,0.014,0.018, 3.4
13.37, 0.023, 0.014, 13.90
5.51,0.023, 0.014, 13.90
30.44, 0.010, 0.021, 13.90

393.70, 0.0009, 0.07, 2.25
19.69, 0.014, 0.018, 2.25
25.90, 0.015, 0.017, 2.85
23.98, 0.015, 0.017, 2.85
5.61, 0.054, 0.009, 5.45
16.24,0.021, 0.015, 28.45
8.91, 0.033,0.012, 7.75
127.98, 0.014, 0.11, 10.05
23.04, 0.014, 0.022, 10.05
3.46, 0.081, 0.007, 14.25
8.62, 0.068, 0.016, 4.55
7.76,0.068, 0.016, 4.55
27.60, 0.011, 0.02, 10.35
21.08, 0.014, 0.018, 2.25

12,0.023, 0.014, 12.75

4.95, 0.023, 0.014, 12.75

27.33,0.010, 0.021, 12.75

Capillaries

HA

U ABD
L ABD
LEGS

0.81, 0.03, 0.00045, 72.20
0.65, 0.031, 0.00043, 89.80
0.68, 0.038, 0.00047, 48.10
0.87, 0.032, 0.00034, 57.20

0.81, 0.03, 0.00045, 75
0.65, 0.031, 0.00043, 89.58
0.68, 0.038, 0.00047, 27.33
0.87, 0.032, 0.00034, 35.49

Venules

HA

U ABD
L ABD
LEGS

0.26, 0.6, 0.0005, 278.40
0.21, 0.61, 0.00077, 256.30
0.22, 0.46, 0.00013, 226.60
0.28, 0.53, 0.00061, 269.80

0.26, 0.6, 0.0005, 289.21
0.21, 0.61, 0.00077, 255.68
0.22, 0.46, 0.00013, 128.77
0.28, 0.53, 0.00061, 167.40

Veins

HA

SvC

IvC
Pulmonary
U ABD

L ABD
LEGS

0.022, 15, 0.00056, 312
5E-4, 5, 0.0005, 14.30
SE-4, 15, 0.0005, 4.80

0.01, 20.5, /, 224.60

0.022, 15, 0.00056, 324.11
SE-4, 5, 0.0005, 14.27
SE-4, 15, 0.0005, 4.99
0.01, 21.47, /, 305.60

0.035, 49.35, 0.00084, 427.60  0.035, 49.35, 0.00084, 426.57

0.06, 16.78, 0.00094, 412
0.07, 9.87, 0.00067, 490.60

0.06, 16.78, 0.00094, 234.13
0.07, 12.53, 0.00067, 304.39

Supplementary Table 3: Parameters of the 0D compartments: resistance R [mmHg
s/ml], compliance C' [ml/mmHg], inertance L [mmHg s2/ml], and unstressed volumes
Vo [ml], in 1G supine and 0G conditions.
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RA RV LA LV

Tye [5] 0.17 RR 0.17 RR

Ta'r‘ [S] Tac Tac

Ty [s] 0.3 VRR 0.3 vVRR

Ty, [s] Typel2 Tyel2

tae [s] 0.8 RR 0.8 RR

tar [S] tac + Tac tac + Tac
E 4 [mmHg/ml] 0.08 0.55 (1G), 0.4015 (0G) 0.07 2.75 (1G), 2.0075 (0G)
FE [mmHg/ml] 0.09 0.06 (1G), 0.0616 (0G) 0.09 0.07 (1G), 0.0719 (0G)

Vo,ch [ml]

6 (1G), 0.6 (0G)

12 (1G), 1.2 (0G)

6 (1G), 0.6 (0G)

7(1G), 0.7 (0G)

Supplementary Table 4: Heart parameters: periods of contraction and relaxation for
atria (7. and Ty,) and ventricles (T,. and T,.), minimum and amplitude values of
elastance (E'g ¢, and E4 ), and unstressed volumes (V} ) for each cardiac chamber.

Efferent Organ 7 [s] a I} 0 min max
HR 0.75 0.75 1 0.25 1.75
EAjv—rv 0.40 0 0.80 0.8 1.2
Ryri—c 0.80 0 0.60 0.6 1.4
Coen—v -0.20 0 1.10 09 1.1
Vo,ven—v -0.42 0 1.21 079 1.21

Supplementary Table 5: Baroreflex parameters adopted to simulate the responses of
the efferent organs, with «, 3, y, and saturation levels (max and min) are given as

percentages of the baseline steady-state values.
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