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Quantification of the Contribution of Cardiac and Arterial
Remodeling to Hypertension

Patrick Segers, Nikos Stergiopulos, Nico Westerhof

Abstract—The study aim was to quantify the individual and combined contributions of both the arterial system and the
heart to systolic blood pressure in hypertension. We assessed the parameters of a heart—arterial model for normotensiv
control subjects and hypertensive patients with left ventricular adaptation patterns classified as normal, concentric
remodeling, concentric hypertrophy, or eccentric hypertrophy. The present simulations show that vascular stiffening
alone increases the pulse pressure without increasing systolic blood pressure. It is only in combination with an increased
peripheral resistance that arterial stiffening leads to systolic hypertension in concentric remodeling and concentric
hypertrophy. The contribution of cardiac pump function to the increase in blood pressure depends on cardiac
remodeling, hypertrophy, or both. In hypertensive patients with a normal left ventricle, the heart is responsible for 55%
of the increase in systolic blood pressure. In concentric remodeling, concentric hypertrophy, and eccentric hypertrophy,
the cardiac contribution to the increase in systolic blood pressure is 21%, 65%, and 108%, respectively. We conclude
that along with arterial changes, cardiac remodeling and hypertrophy contribute to hypertéhisipartension
2000;36:760-765.)
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A ortic pressure and flow arise from the interaction between Methods
the left ventricle (LV) and the systemic arterial load. Heart—Arterial Interaction Model

Factors that affect LV.pump function are preload (venous fiIIi_ng Aortic blood pressure is computed with a heart—arterial interaction
pressure or LV end-diastolic volume [LVEDV]) and contractile model (Figure 1). Heart function is described with a time-varying
properties of the heart muscle (LV contractility). The 2 main elastance modeland is coupled to a 4-element lumped-parameter
mechanical afterload parameters that determine systolic bloodWindkessel model that represents the arterial fodhe systemic

. . rterial model parameters are total peripheral resistance (R), total
(SBP) and pulse pressure (PP) are total peripheral resistance (Rirterial compliance (C), total inertance (L), and aortic characteristic

and total arterial compliance (€%. Arterial blood pressure is  impedance (g. Time-varying elastance is calculated as E@),/
thus determined by a limited number of cardiac and arterial (Vi —Va), where R, and \{, are LV pressure and volume, respec
mechanical factors. In hypertension, each of these parameter%"’e'y"' Cardiac parameters are the slopg.(Fand intercept () of

. . he end-systolic pressure-volume relatfathe slope of the diastolic
may change and thus contribute, to a different degree, to the yressyre-volume relation (F) and venous filling pressure (Pheart

elevated blood pressure. rate, and the time to reach maximal elastange*@E..is a measure
Blood pressure in hypertension, measured in vivo, for LV contractility, whereas |, and R determine LV filling.

reflects the combined effects of alterations in cardiac and Cardiac valves are simulated as frictionless, perfectly closing de-

. . . vices, that allow only forward flow.

arterial parameters. In this work, we use a mathematical

heart—arterial interaction modeto unravel and quantify Estimation of Model Parameters

the specific contribution of arterial and cardiac changes. Values of R for control subjects and hypertensives are taken from a

Cardiac and arterial model parameters for normotensive clinical study by Ganau et &lHypertensives are classified according

; ; ; ; e to 4 different LV adaptation patterns: normal LV (LV mass index
control subjects and for hypertensive patients with differ <111 g/nf in men and 106 g/fin women and relative LV wal

ent LV adaptation patterns were te_‘ken _direCtly_ from the {hickness 0f<0.44), concentric remodeling (normal LV mass index
literature or calculated from data given in the literatéire. but elevated relative LV wall thickness), concentric hypertrophy
The effect of individual changes in arterial and cardiac (both LV mass index and relative LV wall thickness elevated), or

s . . eccentric hypertrophy (elevated LV mass index but normal relative
properties in hypertension was evaluated, and the relative LV wall thickness) (for details, see Ganau e8)alTotal arterial

contribution of cardiac and arterial remodeling to the compliance is calculated from given pressure and flow data as
increase in SBP was quantitatively assessed. follows. Stroke volume (SV) is given, and PP is calculated as the
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Figure 1. In the heart-arterial interaction model, the heart func-
tion is modeled as a time-varying elastance function [E(t)]. The
arterial model is a lumped parameter model that consists of
total compliance (C), total peripheral resistance (R), characteris-
tic impedance of the aorta (Zy), and the inertia of blood in the
systemic arteries (L). The model directly yields aorta pressure.

difference between SBP and diastolic blood pressure (DBP). The
ratio of SV to PP is a measure of compliance but tends to
overestimate windkessel compliance by a factor@f6 in dogs; we
therefore estimate C as 0.64 times SV/PP. In control subjegis, Z
taken 33 mm Hg L - s to calculate values for Zin patients, we
make use of the fact that,Zaries in proportion to /C2 L is a

parameter that represents the inertia of blood and is related to arterial

dimensions and blood density. We assumeslbmm Hg- L™ - & for
control subjects and patierfts.

In the approximation of end-systolic aortic pressure with LV SBP,
effective arterial elastance {Bs given as SBP/SW For the control
population, E=1510 mm Hg/L (1.51 mm Hg/mL). In normal sub-
jects, the ratio of Eand E,. is close to 111 We therefore assume
Ena=1500 mm Hg/L in the control group. Further, LVEDV values
are computed from given end-diastolic diameters and the minor/
major hemiaxis ratio, with the assumption of an ellipsoidal model.
With SV in each subgroup known, LV end-systolic volume
(LVESV) can then be calculated as LVESVVEDV —SV. E, . is
approximated as k,=SBP/(LVESV-V,). In solving this equation
for V4 with appropriate values for controls {E=1500 mm Hg/L,
SBP=124 mm Hg, and LVES¥29x10° L), V, is estimated as
—53.7<10* L in the control group. With P=5 mm Hg, E,, is

TABLE 1.
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calculated as JALVEDV +53.7), giving a value of 30 mm Hg/L
(0.030 mm Hg/mL) in the control group.

To the best of our knowledge, there are no data on the variation of
the intercept of the end-systolic pressure-volume relation in the
different cardiac adaptation scenarios. Therefore, we use a constant
V4 for all patient groups. E, can then be calculated directly from the
data reported by Ganau et3Heart rate (70 bpm) and the timing of
maximal contraction (=0.32 second) are taken as constant. The
changes in LV volume and wall thickness have a similar effect on
passive (E;,) and active (k) properties. We thus assume thaj.E
changes in proportion to g, P, then follows from E,, measured
LVEDV, and V,. The validity of the heart-arterial model and the
assumptions that lead to the model parameter setting is evaluated by
comparing computed pressure and flow with the reported, measured
values.

Contribution of Arterial and Cardiac Changes to

Blood Pressure in Hypertension

To study the individual contribution of alterations in cardiac prop-
erties, arterial model parameters are given the values assessed for the
control group, whereas cardiac model parameters are given the
appropriate values that we assessed in the hypertensive patients.
Isolated changes in R (or C) are studied in an analogous way, with
control cardiac parameters and control C (or R). The difference
between the control and the newly obtained hemodynamic data
yields the contribution of each individual parameter to SBP, PP, and
SV. We further consider combined changes in R and C to quantify
the overall contribution of arterial changes to SBP.

Results

Estimation of Model Parameters
Hemodynamic data and model parameters for control sub-

jects and hypertensives, taken directly or derived from the

work of Ganau et at,are summarized in Table 1. Venous
filling pressure, calculated from measured LVEDV and
estimated E;, varies between 5.6 (normal LV group) and 7.0
(concentric hypertrophy) mm Hg. Measured PP and SV are
predicted within 3% of data reported in literatgyr&SBP is
estimated within 5% (5% underestimation in eccentric hyper-
trophy group) (Figure 2). We conclude that the model
predicts the human data well.

Hemodynamic Data and Arterial and Cardiac Model Parameters in Normotensive

Control Subjects and Hypertensive Patients With Different Cardiac Remodeling Patterns Taken

From the Literature

Hypertensive Patients

Normotensive Concentric Concentric Eccentric

Subjects Normal LV Remodeling Hypertrophy Hypertrophy

(n=125) (n=87) (n=21) (n=13) (n=44)
Age, y 44+13 43+11 5010 50*15 45+11
Heart rate, bpm NC 70+13 70=10 71+10 71=10
SBP, mm Hg 12410 145+16 15321 17034 15722
DBP, mm Hg 777 97+12 10013 11020 10212
LVEDV, 1078 L* 111 115 92 103 146
SV,10°°L 82+17 8017 67+15 79+16 97+16.2
Wall thickness, 1072 m 0.84+0.10 0.9+0.09 1.1+0.07 1.3+£0.09 1+0.09
Relative wall thickness 0.33+0.04 0.36+0.04 0.49+0.03 0.52+0.04 0.38+0.04
LV mass index, g/m? 75+17 85+17 93+9 14423 13627

NC indicates not communicated.
*Calculated value with data given in the literature.?
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The mathematical model simulations indicate that in the
Blood Pressure in Hypertension normal LV group, the SBP increment is about equally due to
In the group of hypertensives with normal LV, the data in arterial (46%) and cardiac (54%) remodeling (Figure 4). In
Table 2 show modest alterations in R (increase), C (decrease)the concentric remodeling group, arterial changes are the
and LV pump function (K., and R increase). R and cardiac  main factors that contribute to blood pressure (82%). In both
function both contribute positively to SBP; C has little effect the concentric and eccentric hypertrophy groups, cardiac
(Figure 3, top row). The increase in R decreases PP, whereaggeometric alterations are the main contributor to SBP and are
the changes in C and pump function increase PP. The increasaesponsible for 58% and 108% of the increase in SBP,
in R lowers SV, whereas the increase in pump function respectively. The 108% increase in SBP in eccentric hyper-
increases SV. trophy is due to the fact that the arterial changes have a small
In the concentric remodeling group, R and LV pump negative effect {8%) on SBP.
function both increase, whereas C decreases (Table 2). The
only parameter that contributes significantly to the increase in Discussion
SBP is R (Figure 3, second row). The decrease in C has theThe present study is based on data presented in the literature
greatest effect on PP (increase), whereas the increase in R haef measurements in 125 normal and 165 hypertensive sub-
the greatest effect on SV (decrease). jects who are classified into 4 groups, depending on measured
In the concentric hypertrophy group, R and LV pump LV mass and increase in LV wall thicknes®Quantitative
function have increased, whereas C has decreased (Table 2)analysis that is based on a mathematical model indicates that
The changes in cardiac function and R both contribute to the depending on the specific patient group, the heart contributes
higher SBP (Figure 3, third row). The increase in R results in between 18% and 108% to the increase in SBP. In patients
a lower PP and SV; the increase in pump function results in with a normal LV, there are modest alterations in cardiac and
a higher PP and SV. The decrease in C increases PP andrterial properties. Individually, none of the changes leads to
lowers SV. hypertension, but their combination does. The concentric
In the eccentric hypertrophy group, only cardiac preload remodeling group is the only patient group in whom the high
parameters change (Table 2). The increase in preload resultdlood pressure is almost exclusively attributable to arterial
in higher SBP, PP, and SV values (Figure 3, bottom row). changes (ie, the increase in peripheral resistance). In the

Contribution of Arterial and Cardiac Changes to

TABLE 2. Arterial and Cardiac Model Parameters Used for the Simulation of
Hemodynamics in Normotensive Control Subjects and Hypertensive Patients With
Different Cardiac Remodeling Patterns

Hypertensive Patients

Normotensive Concentric ~ Concentric Eccentric
Subjects Normal LV Remodeling  Hypertrophy  Hypertrophy
(n=125) (n=87) (n=21) (n=13) (n=44)
Eqmax, mm Hg/L 1500 1640 1950 2200 1530
Vg, 1073 L —53.7 —53.7 —53.7 —53.7 —53.7
Emmin, mm Hg/L 30 33 39 44 31
P,, mm Hg 5.0 5.6 5.7 7.0 6.2
R,mmHg-L"-s 1110 1310 1660 1490 1060
C, 1073 /mm Hg 1.13 1.08 0.81 0.86 1.15
Z,, mmHg-L"-s 33 34 39 38 33
L, mmHg-L"-¢? 5 5 5 5 5

Model parameters were calculated or estimated from the literature.? See the text for details on the
assessment of model parameters.
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Figure 3. Effect of isolated changes in compli-
ance (C), resistance (R), or cardiac parameters (H)
on SBP, PP, and SV. Data are shown for the dif-
ferent cardiac remodeling patterns. The open bar
represents data in the control condition; filled bar,
data obtained with changes in the arterial and
cardiac parameters together (ie, with model pa-
rameters from Table 2, A+H).

SV (10° L)

concentric hypertrophy group, arterial changes yield border- peripheral resistance or an increased pump functign,(E
line hypertension only, whereas the heart is the major LVEDV) to generate a higher cardiac outpuénd elevated
contributor to the increase in blood pressure. The high blood SBP.

pressure in the eccentric hypertrophy group can be attributed Parallel changes in arterial and cardiac structure and
almost exclusively to the heart. Overall, increased arterial function have been observéd!* Roman et at studied
load (reduced compliance, increased resistance, or both)carotid artery structure and function in the same 4 left
results in a lower SV and lower cardiac output when the pump Ventricular phenotypes. They found that although blood
function of the heart is unchanged. Our simulations show that Pressure was the same in the concentric and eccentric
the development of hypertension requires an increase in hypertrophy groups, carotid artery dimensions, intima-media
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Figure 4. Contribution of arterial (resistance and compliance)
and cardiac changes to systolic blood in hypertension, accord-
ing to the different cardiac remodeling patterns (normal LV, con-
centric remodeling [CR], concentric hypertrophy [CH], or eccen-
tric hypertrophy [EH]). The hatched bar represents SBP under
control conditions.

thickness, and stiffness were most abnormal in the concentric
hypertrophy group# The data used for our simulations show
reduced total arterial compliance in the concentric hypertro-
phy but also the concentric remodeling group (Table 2). SV
was considerably lower in the latter group than in all others,
leading to higher values for peripheral resistance and lower
values for total arterial compliance. Unfortunately, Roman et
al*4 did not report SV, limiting a more detailed and direct
comparison of both data sets.

The LV response to hypertension is a complex dynamic
process, with mechanical, molecular, genetic, and biochemi-
cal factors involveds In the present study, we do not
speculate on the mechanisms that trigger arterial or cardiac
remodeling. We simply use reported arterial and cardiac
mechanical parameters, measured at a particular moment
during the disease process, to calculate their effect on blood
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pressure elevation. When possible, we determined mechani-diastolic filling properties (k). However, given the uncer
cal properties directly from the data (R and C); other tainties inthe assessment of these parameters and the fact that
parameters were varied in a relative sense, starting from thewe studies relative differences between different groups,
parameters in the control group (8. There was a good these assumptions do not affect the validity of our results. We
agreement (Figure 2) between measured and predicted artealso assumed a constant intercept)(df the end-systolic
rial pressure and flow, which supports that the model param- pressure-volume relation. Especially in eccentric remodeling,
eter values we used are correct. The only arbitrary parameterwhere the LV pressure-volume loop is shifted to the right, this
we entered was venous filling pressure in the control group. assumption may not hold. However, there still is a significant
As LVEDV was measured, Rletermines the slope of the overlap with the pressure-volume loops measured or simu-
diastolic pressure-volume relation in the control group. Inthe |ated in the control group. The rightward shift thus is much
patients, we assumed that changes in wall thickness andsmaller than that seen in patients with cardiac failure, with
volume, changing E,, proportionally affected diastolic stiff ~ severely dilated hearts and LVEDV in the range of 200 to
ness. Together with measured LVEDV, we thus obtained 300x10°° L,28 where V, is expected significantly elevated.
estimations for the increase in venous filling pressure. Im- | summary, we have shown that vascular stiffening
paired diastolic function in LV hypertrophy has been de- widens the arterial pulse without increasing SBP. It is only in
scribedi®t” and the elevated venous filling pressure in  combination with an increased resistance that arterial remod-
concentric hypertrophy is well documented in studies on eling can lead to hypertension. However, the most important
chronic pressure overload of the hetrt? contribution to blood pressure in hypertension comes from

The outcome of the present study, however, does not cardiac remodeling and, thus, altered pump function. Depend-
depend on the assumptions we made on the diastolic filling jng on the remodeling pattern, the cardiac contribution is
properties of the LV. Our model couples the LV to the arterial responsible for 21% to 108% of the increase in SBP in
load and is suitable to study LV systolic function. The preload hypertension.
parameters E, and R are important because they yield
LVEDV, the extent to which the LV is loaded at the onset of Acknowledgments
contraction. In the present study, however, we used the actualthis research is funded by Zorgonderzoek Nederland, PAD project
measured values for LVEDV; the choice of eitherd? E, 97-23, and by an ERCOFTAC visiting professor grant from the
yields the other parameter through the definition of E(t), but Ecole Polytechnique Federale de Lausanne. We thank Dr Stephane
their value is only indicative. For the same reason, the model Carlier for the meticulous review of the manuscript.
is not suited to study the effects of impaired LV relaxation of
LV filling hemodynaymics. P i ) References .

. . 1. Stergiopulos N, Meister JJ, Westerhof N. Determinants of stroke volume

Recently, much attention was paid to the role of vascular and systolic and diastolic pressurdm J Physiol 1996270
stiffening in hypertensio®?-21 Our model predicts that com- H2050-H2059.
pliance changes alone have a limited effect on SBP, confirm- 2. Stergiopulos N, Westerhof N. Determinants of pulse pressiyper-

. . .. . . tension 1998;32:556-559.
ing experimental results in isolated feline heart prepar&tion 3. Ganau A, Devereux RB, Roman MJ, de Simone G, Pickering TG, Saba

and in_ the intact mamma#.2* Randall et & CO_nCIUdEd that ) PS, Vargiu P, Simongini I, Laragh JH. Patterns of left ventricular hyper-
compliance changes alone do not lead to (isolated systolic)  trophy and geometric remodeling in essential hypertensioAm Coll
hypertension. Kelly et & found a 47% increase in SBP after Cardiol. 1992;19:1550-1558.

4. Suga H, Sagawa K, Shoukas AA. Load independence of the instantaneous

Iowgrlng compllance by 60% to 80%, bUt, Ih their study, pressure-volume ratio of the canine left ventricle and effects of epineph-
peripheral resistance+17%) and venous filling pressure rine and heart rate on the ratiGirc Res 1973;32:314-322.
(+38%) were also increased, with both effects contributing to 5. Stergiopulos N, Westerhof B, Westerhof N. Total arterial inertance as the
the elevation of blood pressure. fourth element of the windkessel modeAm J Physial 1999;276:
i . . H81-H88.
The Cla_SSIf_Icatlon of LV adaptan_on patterns_allows_a better 6. Senzaki H, Chen C-H, Kass DA. Single-beat estimation of end-systolic
characterization of the hypertensive population. It is, how- pressure-volume relation in humans: a new method with the potential for

ever, still unclear whether it provides a prognostic value in noninvasive applicatiorCirculation. 1996;94:2497-2506.
addition to LV masg526 Our approach, which enables the 7. Sege_rs P, Verdonck P, Deryck Y, Brimioulle S, Naeije R, Carlier S,
e . Stergiopulos N. Pulse pressure method and the area method for the

quantification of VaSCL_“ar vers_us heart compongnts to blood estimation of total arterial compliance in dogs: sensitivity to wave

pressure on a per-patient basis, has the potential to lead to @ reflection intensity Ann Biomed Eng1999;27:480—485.

better prognostic marker for cardiovascular risk. 8. Murgo JP, Westerhof N, Giolma JP, Altobelli SA. Aortic input
The present mathematical model study has some inherent impedance in normal man: relationship to pressure wave fo@isu-

. . R lation. 1980;62:105-116.

limitations. Both the heart and the arterial tree were simulated g \iinor WR. Hemodynamics2nd ed. Baltimore, Md: Williams &

with linear models; thus, nonlinear properties were neglected.  wilkins; 1989.

However, with appropriate model parameters, both models 10. Kelly R, Ting C, Yang T, Liu C, Lowell W, Chang M, Kass D. Effective

; ; ; ; arterial elastance as index of arterial vascular load in hum@aiisu-
are good mechanical representations of both physiological lation. 1092.86:513 521

systems, |ncorporat|ng prlnupal fe_atures of bbt” We ) 11. Chen C-H, Nakayama M, Nevo E, Fetics BJ, Maughan WL, Kass DA.
compared aortic blood pressure, given by the model, with Coupled systolic-ventricular and vascular stiffening with age: impli-
measured sphygmomanometer brachial blood pressure. Due cations for pressure regulation and cardiac reserve in the eldesyn

; ; ; ; Coll Cardiol. 1998;32:1221-1227.
to Wa_ve travel and_wave rEﬂeCtlon’ SBP is hlgher in the 12. Nichols WW, O’Rourke MF, Avolio AP, Yaginuma T, Pepine CJ, Conti
brachial artery than in the aoftdurther, we assumed that an CR. Ventricular/vascular interaction in patients with mild systemic hyper-

increase in contractility (&) proportionally affects passive tension and normal peripheral resistan€&culation. 1986;74:455-462.



13.

14.

15.

16.

17.

18.

19.

20.

Segers et al

Pierdomenico SD, Lapenna D, Guglielmi MD, Porreca E, Antidormi T,
Cuccurullo F, Mezzetti A. Vascular changes in hypertensive patients with
different left ventricular geometnyd Hypertens 1995;13:1701-1706.
Roman MJ, Pickering TG, Schwartz JE, Pini R, Devereux RB. Relation
of arterial structure and function to left ventricular geometric patterns in
hypertensive adultsl Am Coll Cardiol 1996;28:751-756.

Devereux RB, Roman MJ. Left ventricular hypertrophy in hypertension:
stimuli, patterns and consequencigpertens Resl999;22:1-9.

Palmieri V, Bella JN, DeQuattro V, Roman MJ, Hahn RT, Dahlof B,
Sharpe N, Lau CP, C CW, Paran E, de Simone G, Devereux RB.
Relations of diastolic left ventricular filling to systolic chamber and
myocardial contractility in hypertensive patients with left ventricular
hypertrophy (The PRESERVE Studydm J Cardiol 1999;84:558-562.

Lin M, Sumimoto T, Hiwada K. Left ventricular geometry and cardiac
function in mild to moderate essential hypertensibtypertens Res
1995;18:151-157.

Gelpi RJ, Pasipoularides A, Lader AS, Patrick TA, Chase N, Hittinger L,
Shannon RP, Bishop SP, Vatner SF. Changes in diastolic cardiac function

in developing and stable perinephritic hypertension in conscious dogs. 27.

Circ Res 1991;68:555-567.

Nguyen TN, Chagas ACP, Glantz SA. Left ventricular adaptation to 28.

gradual renovascular hypertension in dogsn J Physial 1993;1993:
H22-H38.

McVeigh GE, Bratteli CW, Morgan DJ, Alinder CM, Glasser SP,
Finkelstein SM, Cohn JN. Age-related abnormalities in arterial com-

Cardiac/Arterial Contribution to Hypertension

21.
22.
23.
24,

25.

26.

765

pliance identified by pressure pulse contour analysis: aging and arterial
compliance Hypertension 1999;33:1392-1398.

O’Rourke MF, Mancia G. Arterial stiffnes3.Hypertens1999;17:1-4.
Elzinga G, Westerhof N. Pressure and flow generated by the left ventricle
against different impedanceSirc Res 1973;32:178-186.

Randall OS, Van Den Bos GC, Westerhof N. Systemic compliance: does
it play a role in the genesis of essential hypertensiGafdiovasc Res
1984;18:455—-462.

Kelly RP, Tunin R, Kass DA. Effect of reduced aortic compliance on
cardiac efficiency and contractile function of in situ canine left ventricle.
Circ Res 1992;71:490-502.

Krumholz HM, Larson M, Levy D. Prognosis of left ventricular geo-
metric patterns in the Framingham Heart StudyAm Coll Cardiol
1995;25:879—-884.

Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Battistelli M, Bartoccini C,
Santucci A, Santucci C, Reboldi G, Porcellatic C. Adverse prognostic signif-
icance of concentric remodeling of the left ventricle in hypertensive patients with
normal left ventricular mass. Am Coll Cardiol 1995;25:871—-878.

Suga H, Sagawa K. Instantaneous pressure-volume relationships and their ratio in
the exercised, supported canine left ventriCiec Res 1974;35:117-126.
Schreuder JJ, van der Veen FH, van der Velde ET, Delahaye F, Alfieri O,
Jegaden O, Lorusso R, Jansen JRC, Hoeksel SA, Finet G, Volterrani M,
Kaulbach H-G, Baan J, Wellens HJJ. Left ventricular pressure-volume
relationships before and after cardiomyoplasty in patients with heart
failure. Circulation. 1997;96:2978-2986.



