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A full description of the cardiovascular-cerebral model is provided, together with parameter values and
initial conditions adopted for the healthy and heart failure conditions.

CARDIOVASCULAR MODEL

The cardiovascular model proposed by [1-3] is coupled to a baroreceptor model [4] to describe the whole
(arterial and venous) circulation system in presence of short-term autoregulation. The model is composed
by a network of compliances, C, resistances, R, and inductances, L, representing the pumping heart cou-
pled to the systemic and pulmonary systems. The viscous effects are taken into account by the resistances,
R [mmHg s/ml], the inertial terms are considered by the inductances, L [mmHg s2/ml], while the elastic
vessel properties are described by the compliances, C' [ml/mmHg]. Three cardiovascular variables are
involved at each section: the blood flow, () [ml/s], the volume, V' [ml], the pressure, P [mmHg].

All the four chambers of the pumping heart are described as active. The pulsatility properties are inclu-
ded by means of two pairs of time-varying elastance functions, one for the atria and one for the ventricles,
which are then used in the constitutive equations (relating pressure, P, and volume, V). For the four heart
valves, the basic pressure-flow relation is described by an orifice model. The valve motion mechanisms
are deeply analyzed and account for the following blood-flow effects: pressure difference across the valve,
frictional effects from neighboring tissue resistance, the dynamic motion effect of the blood acting on the
valve leaflet, the action of the vortex downstream of the valve. An equation for the mass conservation
(accounting for the volume variation, dV'/dt) concludes the description of each chamber.

The systemic and pulmonary systems are divided into five sections. The systemic arteries are described
by four sections (aortic sinus, artery, arteriole and capillary), while the systemic venous circulation is cha-
racterized by a unique compartment. The pulmonary circuit follows the same architecture. Each section of
the systemic and pulmonary circuits may contain three components (the viscous term, R, the inertial term,
L, and the elastic term, ('), and is characterized by three equations: an equation of motion (accounting
for the flow variation, d@)/dt), an equation for the conservation of mass (expressed in terms of pressure
variations, dP/dt), and a linear state equation between pressure and volume.
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The baroreceptor model combines the afferent and the central nervous system into a unified description,
so that the sympathetic, n,, and parasympathetic, n,, activities are directly related to the carotid sinus
pressure through a steady state sigmoidal function. The efferent responses consist of a static component,
which is a linear combination of ns and n,, and a dynamic component, which is a first order ordinary
differential equation in time. The short-term baroregulation accounts for the inotropic effect of both ven-
tricles (neglecting for simplicity the parasympathetic influence), as well as the control of the systemic
vasculature (peripheral arterial resistances, unstressed volume of the venous system, and venous complia-
nce). The chronotropic effects due to the heart rate regulation are instead implicitly and intrinsically taken
into account by the RRR extraction.

Equations

For the sake of simplicity, the equations are grouped into cardiac (with the four chambers), circulatory
(with systemic and pulmonary loops), and baroreceptor mechanism sections.

Left atrium

dV;
déa = van - Qmia
Pla = Pla,un + Ela(vza - Wa,un)a (S1)
Q ) CQmiARmiv Pla - Plvv if Pla > F’lva
" ~CQumiARuiNPiy = Pia, if Pia < P,

where the subscript un denotes the unstressed pressure and volume levels of each cardiovascular section.

The time-varying elastance is

E —F ;
Ela<t) _ Ela,mz'n + la,max . la,mmea(t)7 (SZ)

and the atrium activation function is

eq(t) =

{QifOStéﬂm .

1 — cos <RZ‘:+TGTZC27T> , if Ty, < RR,

where Ejg in and Ejg g, are the minimum and maximum elastance values, respectively, while T, is
the beginning of atrial contraction.

The valve opening is decided by the angular position of the leaflets:

(1 — cos Gmi)Q

AR, =
(1 = o8 Omar)?

(S4)

and the valve motion is governed by
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((Pia = Puo) Kpmi €08 O — K i 2
20 + Kb, miQmi €S O
= Ky @uisin, i Qi >0, (85)
(Pra = Pro) Kpmi €08 Omis = K g s Topt
\ +Kb,miQmi 08 O, if Qi <0,
Left ventricle
dV)
dév = Qmi - QaOa
Plv = Plv,un + Elv(viv - Wv,un)v (56)

Q _ CQCLOAR(IOV Plv - Pa> if Plv Z Paa
0 _CanARao\/ Pa - -Pl1)7 if Plv < PCL7

The time-varying elastance is

Elv,max - Elv,mm

Elv(t) = Elv,min + )

ev(t), (§7)

and the ventricle activation function is

1 — cos ﬁﬁ), if 0<t<The,
ev(t) = 1+ cos ﬁﬂ) ) if Tme <t< Tce (SS)
0, if T, <t< RR,

where Ly, in and Ej, 14, are the minimum and maximum elastance values, respectively. T}, and Tee
are the instants where the elastance reaches its maximum and constant values, respectively.

The valve opening is decided by the angular position of the leaflets:

(1 — cosB0)?

A ao —
r (1 — cos Oppaz)?

(59)

and the valve motion is governed by
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d26,,
dt?

Right atrium

The time-varying elastance is

( (PZU - Pa)Kp,ao cos Ogo — Kf,ao%
+Kb,aoan o8 Oy
_Kv,aoan sin 2040, if Quo >0,
(Plv - Pa)Kp,ao cos Ogo — Kf,aodfﬁo
L +Kb7aoan coS b0, if Quo <0,

stn - Qtia
Pra,zm + Era(v;"a - V;’a,un)7

{

CQtiARti Pra - PTU7 if Pra > Prvy

_CQtiARti\/ Prv - Praa if Pra < Prv>

E — Erami
E,r,a (t) — Era,min + ra,mmax ra,mwm ea (t),

2

(S10)

(S11)

(S12)

where the activation function is given by Eq. (S3), while E,q min and E;q e, are the minimum and
maximum elastance values, respectively.

The valve opening is decided by the angular position of the leaflets:

and the valve motion is governed by

d26,;
dt2

(1 — cos Qti)z

ARy; =
t (1 — cos Omaz )?

( (Pra - Prv)Kp,ti cos O — Kf,ti dg}fi
+ Ky Qi cos Oy
— Ky 4iQrisin 20y, if Q> 0,

(Pra - Pm))Kp,ti cos 0y — Kf’ti%

[ +EKp4iQpicos Oy, if Qy <O,

(S13)

(S14)
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Right ventricle

av;
d;v = Qti - me
Prv = Prv,un + Erv(‘/rv - Vrv,un), (SIS)

Q o OonARpo\/ Prv - Ppas, if Prv > Ppas,
o .
! _CQpOARpOV Ppas - Prm if Ppas > Prv;

The time-varying elastance is

E. —F ;
Erv(t) = Erv,min + L 9 L ev(t)> (816)

where the ventricle activation function is given by Eq. (S8), while E.; pin and Ly snqq are the minimum
and maximum elastance values, respectively.

The valve opening is decided by the angular position of the leaflets:

(1 — cos Op,)?
ARy, = S17

and the valve motion is governed by

dbyo
((Pry — Ppas) Kp.po €08 Opo — K po 2.

PO dt
2 +Kp po@po €OS Opo
20 = 8 —KupQposin 2y, il Qo >0, (S18)
dbpo
(Prv — Ppas) Kp,po cos Opo — Ky po—i-

(Kb poQpocos by, if Qpo <0,

Systemic Circuit

ﬁ _ an*Qsas

s 7 g
sas __ a—1L"sat —1Ilsasy¥sas
a Loas ; (S19)

1
Pa - Psa&un = m(‘/sas - Vsas,un)a
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dPsat — Qsas_Qsat

dt sat ’
dQsat _ Psat_Psvn_(Rsat+RsaT+Rscp)Qsat (820)
di B Lsat ’

1
Psat - Psat,un = m(‘/:sat - Vsat,un)v

dPsyn __ Qsat_stn _ 1 stvn,un
at Cson Cson dt ’
Psyn—P,
stn = W, (S21)

Psvn - Psvn,un = ﬁ(vsvn - V:evn,un)a
Pulmonary Circuit

dppas _ QPO_QPGS

dt - Cpas )
deas _ Ppas*Ppat*Rpastas
= ™ : (S22)

1
Ppas - Ppas,un = m(%as - V:Das,un)

dppat — Qpas—Qpat

dt Cpat )
deat _ Ppat—van—(Rpat+Rpar+Rpcp)Qpat (823)
dt Lpat )

_ _1 _
Ppat Ppat,un — Chat (Vpat Vpat,un)a

devn _ Qpat*van

dt _P C;m;g ’
pon — p%;vn la’ (824)
1
Povn = Povnun = ¢, (Voon = Voonam).
Baroreceptor Mechanism Equations
dElv,ma:r 1
= (—Elv,max + ag,ns + 'YEIU) ) (S25)
dErv,mam 1
—a = E (_Erv,max + ap,.,MNs + ,YET"U> ’
dRS(lT’ —_ 1
e = & (—Rsar + aR,. s + VRon ) + (S26)
SC: 1
a P — E (—Rgcp + aRscan + fyRscp) )
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% = TLU (_Csvn + O{CS’UTLnS + ,}/Csvn) ) (827)
dVS’UTL un
i = % (_‘/svn,un + avy,,,Ns + 7stn) .
The sympathetic, ng, and parasympathetic, n,, activities [Hz] are expressed as
ng (ch) = L v,
1+ (Zes)
_ 1 (528)
np(Pes) = 5.

where P, is the carotid sinus pressure averaged over one cardiac cycle, which is here taken equal to
systemic arterial pressure averaged per beat, P, [mmHg s]. ;1 [mmHg] is the mean systemic arterial
pressure in physiological conditions at steady state for HR=70 bpm, while v is a dimensionless parameter
characterizing the steepness of the curves.

Initial Conditions and Cardiovascular Parameters

Initial conditions, which are given in terms of pressures, volumes, flow rates, valve opening angles and
hemodynamic variables involved in the baroreceptor mechanisms, are the same for the three simulations:
increased HRYV, baseline, and decreased HRV. The total volume is taken as the typical value for a healthy
adult, here V;,;=5246.42 ml. Flow rates and valve angles are initially considered as all the valves are
closed and no flow is present. Initial pressures in the circulatory sections are chosen in the range reached
during a normal cardiac cycle. Volumes in the four chambers are obtained at =0 subtracting from the total
volume, V;,, all the volume contributes at the generic vascular section ¢, using the constitutive relation
Pii—o— Piun = C%(VMZO — Vi un), where P; 4— is imposed as previously said. Table S1 summarizes the
adopted initial values. Cardiovascular parameters of the model are as well recalled in Tables from S2 to
S7.

CEREBRAL MODEL

The lumped model, proposed by Ursino and Giannessi [5], extends the Windkessel approach to the arterial
and venous cerebral circulation, and is divided into three main parts: large arteries, distal arterial circu-
lation, and capillary-venous circulation. The model is composed by a network of compliances, C, and
resistances, R. The viscous effects are taken into account by the resistances, R [mmHg s/ml], while the
elastic vessel properties are described by the compliances, C' [ml/mmHg]. Three cardiovascular variables
are involved at each section: the blood flow, () [ml/s], the volume, V' [ml], the pressure, P [mmHg].

Equations

For the sake of simplicity, the equations are grouped following the three main partitions of the model.
The autoregulation and C'O» activity equations for the distal district are separately reported.

Frontiers 7
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Large arteries

(

dPyvicagest dP;
Croaeft < 7 telt dtw = Qrcajeft + QpPcoAjeft — Qmcalefrt — QACAlleft
dPyoAright AP
CroAright ( I DI 7 tw = Qrcaright + QPCoaright — QMcAright — QACAL right,
dPBA,willi
CBA% = QBa — Qrcateft — QPCALright
\

(529)
Qacaziert = Qacaijeft + QAacoa,
QAacA2,right = QACALright — QAC0A,
Qprcazjeft = —QpPCoAeft + QPCAleft (S30)
Qprcaz2right = —QPCoAright + QPCA1right;
where the flow rates, (), are:
(
Po — Pyroaeft
Qrcajeft = 7
ICA,left
Py — PyroArigh
sright
Qrcaright = (S31)

RICA,right
Py — PBA,willis
Rpa

Y

Qpa =
\
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Pryroagest — Pamjeft

QMCAleft = ;
f Rycajert + Ramjeft/2
Q PMCA,m'ght - Pdm,m'ght
MCA,right — )
RMCA,right + Rdm,right/2
Preajert — PacAeft
QACALleft = : —, (532)
Racatleft
Proaright — PacAright
QAC AL right = :
RAC’Al,m'ght
P Awittis — Prea,left
Qprcateft = ;
Rpcateft
_ Ppawitis — PrcAright
QPCAI,Tight - R s
L PCAl,right
( Oucasies Pacajert — Paajeft
2left — 3
Racazieft + Raaeft/2
QACAQ = PACA,right - Pda,m'ght
,right — )
RACAQ,right + Rda7right/2
Pacaright — PACA,left
QACoA = :
Racoa
Ppcajert — Pap,
; p,left
Qprca2ieft = 7 7 5 (S33)
PCA2eft + Rapjeft/
Q o PPCA,right - Pdp,right
PCA2right — )
RPCAQ,right + de,m’ght/2
_ Ppcajest — Pucaest
QPCoAleft = ;
Rpcoa,eft
Ppcaright — PrcAright
QPCOA,right - R )
. PCoA,right
Frontiers 9
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Distal arterial circulation

( % = Qrrcajest — Qamieft + Qcamieft + Qepmilefts
W = QmcAright — Qdmright + Qcam,right + Qepm right
) % = Qacazieft — Qaatest — Qeameft + Qeaas (S34)
% = QacA2right — Qda,right — Qeam,right — Qeaas
% = Qprcazieft — Qapicft — Qepmijeft + Qepps
| % = Qpcazright — Qdpright — Qepm,right — Qepp:

where the flow rates, (), are:

(

Q Pdm,left - P
dmyieft — —H o
el Ram jeft/2
Q ] _ Pdm,right - P
dm,right Rdm,right/2 )
Piajest — Pe
Qdajeft = — 75 (S35)
) Rda,left/2
Pda,m'ght - Pc
Q . o it~ A
da,right Rda,m’ght/2 )
Q Pdp,left - P
dpleft = —H o
pief Rapeft/2
Q Pdp,right - Pc
dp,right = — 1 76
L de,right/2
( Piateft — Pamjeft
Qcam,left = R left )
cam,le
pda,right - Pdm,right
Qcam,right = R )
cam,right
. Pdp,left - Pdm,left
Qcpm,left = R left ) (836)
cpm,le
Pdp,right - Pdm,right
Qcpm,right = R . )
cpm,rig
Q o Pda,m'ght - Pda,left
caa — R )
caa
Papright — Pap left
Qepp = R )
cpp

10



Scarsoglio et al.

Supplementary Material

while the constitutive relations are:

Capillary-venous circulation

sz'c
C' —
“dt

)
Pim,jieft =

Pdm,right =

Pdpﬂ‘ight =

Viam,jeft
Odeeft

+PiCJ

Vdm,right

+ PiCa
Cdm,right

Vdp,right

+ Pic,
Cdp,right

(S37)

Qrcaleft — Qamyeft + Qrcazjefrt — Qapieft + Qacaziest — Qdajleft

+ QMCA,right - Qdm,right + QPCAZ,right - de,right + QACAQ,Tight - Qda,right

+va_st+Qf_Q0a

dP, dP;
Cvi (d_tv - dtw) - va - st,

Qdm,left =+ Qda,left + de,left + Qdm,right + Qda,right + de,right = Qf + me
\

where the flow rates, (), the compliances Cj., Cy;, and the resistance R, are defined as follows:

b _P.-P,
pv — va ’

o Pv _va
st — Rvs )
P.— P,

Ry 7
0, if P.< Py,
Pi _va
Qo = RO ,

0, if P < Pys,

\Qout = st + Qm

Qf: if Pczpiw

if Pie > Pys,

(S38)

(S39)
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( 1
Cie = ——-
) kEPz' )
1
Cloi = ,
v kven(Pv _Pic_Pvl)
P’U _va .
—R f P, <P
Rus _ Pv — Pic vsl, 1 Vs iy
Rvsly if va > Pic,

\
Autoregulation and C'O,, reactivity equations

For each of the six distal regions, the following equations hold:

(S40)

AT qut i i i — X )
TautM = —Zaut,ij + Gaut (M) , izm’a,p; j:left,nght,
dt Qndi,j
dT 0, Puco, . - :
TCOy—— = —ZC0y,i.j + G0y ACO,,i,i 10810 , i=m,a,p; j=leftright, (S41)
dt 1Y, )0, PaCO2n

where the subscript n denotes the basal values and

1
1+ exp{[—kco,(Qdij — @ndi,j)/Qndij] — bco,}’

AcOyij =

Distal compliances and resistances are ruled by the following relations:

i=m,a,p; j=left,right.

(
TCOq,i,j —Laut,i,j
Caoij |(1 = ACq;/2) + (1 + ACy;j/2) exp <—2£édij ])]
Caij = ’
J 1+ exp[(co,,ij — xaut,i,j)/kcdi,j]
kp, C2.
Ry j = d”Tdom, i=m,a,p; j=left,right,
di,j
\
with
2s1, if x i < Tautii ) . .
ACdz’,j _ 1, ' CO2,i,j aut,i,js i=m,a,p; J=left,rlght
2527 if TCO9,i,j > Taut,i,j,
Ca0ijs1 .
—2’] , if TCO2,i,5 < Tauti,j . . .
ko v = Clioi 52 i=m,a,p; j=left,right
T’, if 200, = Taut,ij

(S42)

(S43)

(S44)
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Initial Conditions and Cerebral Parameters

Initial conditions are given in terms of pressures, volumes, autoregulation and C'O5 reactivity state
variables, and are equal in the three HRV configurations: increased HRYV, baseline, and decreased HRV.
The initial setting is chosen according to flow rate repartition given by [5] with the following total basal
values: basal cerebral blood flow ),, = 12.5 ml/s, basal distal resistance R, = 5.4 mmHg s/ml, basal
distal compliance Cy, = 0.2 ml/mmHg. State variables for autoregulation, x4y, and C'Oy reactivity,
TC0,, are initially considered as no activity is present. Initial pressures in the cerebral regions are chosen in
the physiological range reached during a normal cardiac cycle. Volumes in the distal region j are obtained
at t=0 using the constitutive relation Vy;;—o = Cde:O(de,t:O — Pjc¢=0), where Pyj =0 and P = are
imposed as previously said. The adopted initial conditions are listed in Table S8, while parameters of the
cerebral model are reported in Tables from S9 to S12.

HEART FAILURE

A heart failure condition of level III according to the criteria of American New York Heart Association
[6] is considered, by decreasing the ventricular contractilities (£, pmaz -80%, Ery maz -40%), increasing
systemic (Rsqr and Rgep +25%) and pulmonary (R, and Ry, +40%) arterial resistances, and incre-
asing the total blood volume (+ 300 ml) [7-10]. The adopted values for these parameters are reported
in Table S13. We assumed that the cerebral flow autoregulation function is preserved as in the healthy
case. The resulting simulated hemodynamic variables for the baseline heart failure condition are listed in
Table S14, and show a very good matching with clinical literature data [11-20]. The only exception is
related to pulmonary arterial pressure parameters, which increase in agreement with measured data but
are underestimated.

To define the increased and decreased HRV configurations, we adopted the exponential relation:

SDNN = 309.4¢V-021HR (S45)

similarly to the healthy case. The baseline configuration was set at RR= 0.70 [s], HR= 85.29 bpm accor-
ding to the steady state baseline results (see Table S14), and SDNN=51.60 [ms] was obtained from the
above relation (S45). Increased and decreased HRV configurations were achieved by changing SDNN by
+20% and -20% (with consequent HR variation through Eq. (S45)), obtaining the configurations reported
in Table S15.

NUMERICAL SCHEME

The differential equations of both models were solved by means of numerical algorithms implemented in
Matlab, which use a multistep adaptive solver through the ode15s function. This variable order solver is
based on the numerical differentiation formulas (NDFs) and is chosen because is one of the most efficient
and suitable routines for stiff problems. In fact, the differential system of both models shows some stiffness
features, that is the equations include some terms that can lead to rapid variation in the solutions. This
aspect is particularly relevant during end-diastolic and end-systolic phases, when the valves opening and
closure cause sudden variations of the leaflet angular position. The Matlab scripts as well as the datasets
generated and analyzed during the current study are available from the corresponding author upon request.

Frontiers 13
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Table S1. Cardiovascular model: initial conditions.

Variable Value (t = 0)
Via.0 60 ml
Viv,0 130.06 ml
Viao 39 ml
Vivo 110 ml
Paas 0 124.75 mmHg
C\?sas,O 0 ml/s
Psat0 124.75 mmHg
Qsat,O 0 ml/s
Psyn 0 10 mmHg
Ppas,0 21.11 mmHg
Qpas,0 0 ml/s
Ppat 0 21.11 mmHg
Qpat.0 0 ml/s
Ppono 10 mmHg
Hm@() = dBp; o/dt 0 rad
an,o = df,, o/dt 0 rad
eti,() = dby; o/dt 0 rad
9p0,0 = dep()’o/dt 0 rad
lv,maz,0 2.5 mmHg/ml
rv,maz,0 1.15 mmHg/ml
Rsar.o 0.44 mmHg s/ml
scp,0 0.4576 mmHg s/ml
sun,0 20.5 ml/mmHg
‘/szm,un,() 3000 ml
Parameter Value

Can 350 ml/(s mmHg0'5)

CQmi 400 ml/(s mmHg"*)

Eiyomin 0.07 mmHg/ml
F)lv un 1 mmHg
Vivwun 5 ml
la,max 0.25 mmHg/ml
Eomin 0.15 mmHg/ml
B la,un 1 mmHg
la,un 4 ml

CQpo 350 ml/(s mmHg"-)

CQt | 400 ml/(s mmHg")

Erymin 0.07 mmHg/ml
Pro.un I mmHg
Vyvan 10 ml
Lira maz 0.25 mmHg/ml
Eramin 0.15 mmHg/ml
Fraun I mmHg
4 ml

Table S2. Cardiovascular model: heart parameters.
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Parameter Value
Csas 0.064 ml/mmHg
Rgus 0.003 mmHg s/ml
Lgys 0.000062 mmHg s%/ml
P, sas,un 1 mmHg
sas,un 25 ml
sat 1.28 ml/mmHg
Rt 0.05 mmHg s/ml
Lot 0.0017 mmHg s?/ml
P, sat,un I mmHg
sat,un 775 ml
sun 0.075 mmHg s/ml
Psvn,un I mmHg

Table S3. Cardiovascular model: systemic circulation parameters.

Parameter Value
Chas 0.162 ml/mmHg
Das 0.002 mmHg s/ml
Lypas 0.000052 mmHg s*/ml
pas,un 1 mmHg
pas,un 25 ml
Chat 3.42 ml/mmHg
pat 0.01 mmHg s/ml
Lyat 0.0017 mmHg s?/ml
Boat un I mmHg
Voat un 175 ml
Lpar 0.0275 mmHg s/ml
Ropep 0.0385 mmHg s/ml
pun 0.006 mmHg s/ml
Cpon 20.5 ml/mmHg
PUN,UN 1 mmHg
on,un 300 ml

Table S4. Cardiovascular model: pulmonary circulation parameters.

Parameter

Value

Kp mis Kp,ao» Kp,tz‘, Kppo

5500 rad/(s?* mmHg)

Kﬂmi’ Kf,ao’ Kf,ti’ Kﬂpo 50 S_1
bmis A b,aos Abtis Kb7po 2 rad/(s ml)
Kv,mi’ Kv,ti 3.5 rad/(s ml)
v,a0s Ko po 7 rad/(s ml)
mazxr 5/12 7 rad

Table SS. Cardiovascular model: valve dynamics parameters.

Parameter Value
Toc 0.875 RR s
Tne 03vVRRs
Tee 312 Tome S

Table S6. Cardiovascular model: temporal parameters. Activation times are those typically introduced in
the time-varying elastance models ref [3, 4, 21, 22], and are here settled considering that, at RR=0.8 s,
the ventricular systole lasts about 0.3 s, while the atrial systole length is about 0.1 s [23].
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Parameter Value
Th 3s
Ta 12's
To 60 s
I 97.13 mmHg
v 7
g, I mmHg s/ml
VE,, 2 mmHg/ml
ag,, 0.46 mmHg s/ml
VE, . 0.92 mmHg/ml

OR.ur 0.3520 mmHg s*/ml

YRsar 0.2640 mmHg s/ml

QR,., 0.3660 mmHg s%/ml

VRsep 0.2746 mmHg s/ml

ACm -4.1 ml s/mmHg
VCysun 22.55 ml/mmHg
Vo -1260 ml s
Weon 3630 ml

Table S7. Cardiovascular model: baroreceptor parameters. Time delays (7,: heart, 7,: arterial, 7,: vein)
and coefficients (o, 7;, i, ) for the strength of the sympathetic and parasympathetic activities are taken

according to the validated model by [4].

Variable Value (t = 0)
Pico 9.5 mmHg
Py 14 mmHg

Pdm,left,O 58.5 mmHg

Vdm,left,O 2.94 ml

Pdm,right,o 58.5 mmHg
Vdm,right,O 2.94 ml

Pda,left,O 58.5 mmHg

Vda left,0 0.78 ml

Pda right,0 58.5 mmHg

Vda,right,O 0.78 ml

Papieft,o 58.5 mmHg

Vdp,left,o 1.18 ml

Pap.right,0 58.5 mmHg

Vdp right,0 1.18 ml

Proagerto 100 mmHg

Proaright,0 100 mmHg
Pp A wiltis,0 100 mmHg
Laut,i,j,0 0
i=m,a,p, j=left,right
TC04,i,5,0 0

i=m,a,p, j=left,right

Table S8. Cerebral model: initial conditions.
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Parameter Value

Ricajert | 0.5689 mmHg s/ml
Ricarignt | 0.5689 mmHg s/ml
Rpa 0.4501 mmHg s/ml
Ryroagert | 14419 mmHg s/ml
Ryroaright | 14419 mmHg s/ml
Rpcaijert | 0.7640 mmHg s/ml
Rpcairignt | 0.7640 mmHg s/ml
Racaijept | 3.7912 mmHg s/ml
Rac At rignt | 37912 mmHg s/ml
Rpcaojert | 3.6063 mmHg s/ml
Rpca2rignt | 3.6063 mmHg s/ml
RACAZ,le ft 1.6227 mmHg s/ml
RacA2,rignt | 1.6227 mmHg s/ml
Rpcoajeft | 90.9786 mmHg s/ml
Rpcoarignt | 90.9786 mmHg s/ml
RAcoA 14.9228 mmHg s/ml

Croajeft 0.0034 mI/mmHg

CroA,right 0.0034 mI/mmHg

[ 0.0017 mI/mmHg

Table S9. Cerebral model: large arteries parameters.

Parameter Value
Regmtert | 105 mmHg s/ml
Reamright | 105 mmHg s/ml
Repmert | 120 mmHg s/ml
Repm right | 120 mmHg s/ml
Reqa 22 mmHg s/ml
Bepp 75 mmHg s/ml

Table S10. Cerebral model: distal arterial circulation parameters.

Parameter Value

Ry 2.3 - 10° mmHg s/ml
R, 526.3 mmHg s/ml

Ry, 0.880 mmHg s/ml
sl 0.366 mmHg s/ml
kg 0.077 m1~!

kven 0.155 ml~!

P, 6 mmHg

P, -2.5 mmHg

Table S11. Cerebral model: capillary-venous circulation parameters.
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Table S12. Cerebral model: autoregulation and C'Os reactivity parameters.

Parameter Value
Taut 20's
Gaut 0.9
TCOy 40 s
Geo, 40
kco, 15
bco, 0.5
PaCOgn 40 mmHg
P.co, 40 mmHg
51 7
52 0.4
Qndm,le ft 3.75 ml/s
Qndmn‘iqht 3.75 ml/s
Qnda left 1 ml/s
Qnda,riqht 1 ml/s
Qndp,left 1.5 ml/s
Qndp,riqht 1.5 ml/s
KRy left 42848 - 10 mmHgf5 s/ml
kr,,, viaht 4.2848 - 10 * mmHg 3 s/ml
dea’left 1.6060 - 10° mran_5 s/ml
dea right 16060 : 10 E rnl'an_3 S/ml
kRgpspe | 10777 - 10 ° mmHg ™~ s/ml
KRy rigne | 10777 - 10° mmHg ™ s/ml
Cdom,left 0.06 m/mmHg
CdOm,right 0.06 ml/rang
CVd()a,left 0.016 ml/mmHg
C'dOa right 0.016 ml/mmHg
CdOp,left 0.024 ml/mmHg
CdOp,m'ght 0.024 ml/mmHg

Parameter Value
ap, 0.2 mmHg s/ml
VE;, 0.4 mmHg/ml
ag,, 0.2760 mmHg s/ml
YE,. 0.5520 mmHg/ml
O R 0.44 mmHg s*/ml
YRsar 0.33 mmHg s/ml
aR,., | 0.4576 mmHg s*/ml
YRscp 0.3432 mmHg s/ml
Ryar 0.0385 mmHg s/ml
nep 0.0539 mmHg s/ml
Viot 5546.42 ml

Table S13. Heart failure. Cardiovascular model parameters modified for the baseline configuration.
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Table S14. Heart failure. Modeled hemodynamic parameters for the baseline configuration and compari-

son with clinical literature [11-20].

Variable Baseline model Literature measured data

P, syst [mmHg] 106.34 107-115

P, dias [mmHg] 75.50 68-76

P, [mmHg] 89.14 78-95

Ppas,syst [mmHg] 29.76 54-62

Ppas dias [mmHg] 20.19 28-29

Ppas [mmHg] 24.24 27-40

Py, [mmHg] 17.71 17-29

HR [bpm] 85.29 76-103

Viveq [ml] 253.13 205-522

Vives [ml] 211.55 140-249

SV [ml] 41.58 32.40-50.40

EF [%] 16.43 15-33

CO [/min] 3.55 3.42-4.32
Configuration SDNN [ms] RRI[s] HR[bpm]
Increased HRV (+20%) 61.92 0.78 76.61
Baseline 51.60 0.70 85.29
Decreased HRV (-20%) 41.28 0.63 95.91

Table S15. Heart failure. SDNN, RR and HR values of the three HRV configurations.
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