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Ventricular—arterial coupling

Ventricular and aortic elastances
Local arterial stiffness

Central aortic pressure

Aortic pulse wave velocity

Wave intensity, energy, and reflections

Aortic wall motion and deformation
- velocity & timing of systolic expansion
- speckle tracking



Left ventricular pressure-volume loop

Pressure End-systolic pressure volume
A relationship = contractility

/ Ejection
ESP |-------- 4 )
/ Isovolumic

contraction

Isovolumic

relaxatipn
End-diastolic pressure
DP }-------- \. > +  volume relationship
i Filling :

> Volume




The “traditional” concept of
ventricular-arterial coupling (Sunagawa)
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Myocardial contractility in the left ventricle Is
Inversely related to arterial compliance
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Kawaguchi M et al, Circulation 2003; 107: 714-20



Elastance

Change in pressure for a unit change in volume
(mmHg/ml)

 Arterial elastance
E,=ESP/SV (SV stroke volume)

Higher elastance = greater sensitivity to volume
change, more variable pressure

 Ventricular elastance (Ees)
E,,=ESP/ESV (ESV LV end-systolic volume)

Net arterial load exerted on the ventricle




Ventricular-arterial coupling — ratio of elastances

VAC = EA/ ELV with volumes indexed for body surface area

« Greatest efficiency when elastances are matched
* Optimal transfer of blood from LV to aorta

 BP, LV pressure, and CO are maintained in a
physiological range

* Normal ratio ~ 1.0 £ 0.36
* Normal E, 2.2 £ 0.8 mmHg / ml
 Normal E,, 2.3 £1.0 mmHg / ml

Chantler PD et al, J Appl Physiol 2008;105:1342-51



Ventricular-arterial coupling — example

VAC = E,/E,,
= ESP/SV + ESP/ESV
=ESP/SV x 1/(ESP/ESV)
= ESP/SV x ESV/ESP
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M aged 30, triathlete
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LVESY MOD A4C 48.3 ml i LVESY MOD A2C 33.1 ml

EF Biplane 65.3 Y% VAC = ESV / SV
LVEDVY MODBP 117.3 ml

LVESY MODBP  40.7 ml =41/49 =0.84




Combined Ventricular Systolic and Arterial Stiffening
in Patients With Heart Failure and Preserved
Ejection Fraction

Implications for Systolic and Diastolic Reserve Limitations

Miho Kawaguchi, MD; Ilan Hay, MD; Barry Fetics, MSE: David A. Kass, MD
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Circulation 2003; 107: 714-20
also — Margulescu A et al, Am J Cardiol 2012 (e-pub)




Imaging arterial stiffness
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Normative values of conduit arterial function
Influence of gender, age, and body mass index
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Central arterial pressure changes with age
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“Direct” estimation of central arterial pressure

AUGMENTATION
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Principles of aplanation tonometry

Force sensor

e ]
=

Vessel Wall

Diameter is scaled to systolic
and diastolic pressure

Assumed that diameter and
pressure are linearly related



Aplanation tonometry of a peripheral artery (radial)
Pulse wave analysis with “transfer function”

Alx = (A P/PP)x100

Pressure
(mmHg)

T, Incisura
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Impact of arterial load (Al) on LV function (n=303)

r=0.30, p<0.001 r=-0.27, p<0.001

02 04
r=-0.30, p<0.001

Fukuta H et al, Circ J 2010; 74: 1900-5



Non-invasive estimation of pulse wave velocity

i
« Sphygmocor —
sequential
« Complior —
simultaneous
* Vicorder — cuffs
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PWYV = transit time + distance (brachial — femoral)




Reference values for pulse wave velocity

/" Grade II/lll HT
/ Grade | HT
/ High normal BP

/' Normal BP
<30 years 36-36 y:
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Eur Heart J 2010:31:2338-50




Prognostic utility of aortic pulse wave velocity

Aortic pulse wave
velocity (m/s)
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PWYV added
independent
prognostic
value to the
standard
Framingham
risk score

Cumulative Probability of
Major Cardiovascular Events

Number at risk:
Aortic pulse wave
velocity (m/s)
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Mitchell GF et al, Circulation 2010; 1221: 505-11
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Arterial wave intensity

Pressure

/Velocity E

There are 4 types of waves =
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The major “determinant” of reflected wave energy
IS left ventricular systolic function

n 106, 57 M, aged 46 £ 12 (22-71) years
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Rakebrandt F et al, Ultrasound Med Biol 2009; 35: 266-77




Calculation of wave speed
Early systolic slope of pressure / velocity loop

Pressure

Wave speed
c = (dP/dU)/p

Harada A et al,
Heart Vessels
2002: 17: 61

Velocity



Comparison of antihypertensive drugs (ASCOT)

Difference in the magnitude of mid-systolic reflections
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Manisty C et al, Hypertension 2009; 54



Wave Reflection Predicts Cardiovascular Events
in Hypertensive Individuals Independent of Blood
Pressure and Other Cardiovascular Risk Factors

An ASCOT (Anglo-Scandinavian Cardiac Outcome Trial) Substudy

_ peak B,
P/R = peak P,
P

_ Aug
Al = SBP-DBP

259 subjects followed for mean of 5.9 years

Predictors of Cardiovascular Events

@ (1.08-4.37)  0.03

0.94 (0.90-0.98) 0.01
1.01 (0.99-1.03) 0.2

Multivariate model

DEP, mm Hg
Carotid PP, mm Hg

Beta

Coefficient SE p Value

Model to predict LVMI
Log WRI* 6.6 32
Log WRIT (fully adjusted) 7.3 33
P,/P* 10.0 89 0.3
P./P,t (fully adjusted) 14.7 0.2
cAl* 041 041 0.4
cAl,t (fully adjusted) 0.2 0.2 0.2
Carotid wavespeed™* 08 0.5 01
Carotid wavespeedt (fully adjusted) 056 0.2

Manisty C et al, JACC 2010; 56: 24-30

0.04
0.03




Circumferential myocardial stress during systole

kdynes/cm?
Asklepios Study
3l = n= 42 each group
400 - _'f—
350 1T
300 ]
250 m Normal
200 m Hypertensive
150 m Treated
100
50
0

Peak Mean
Chirinos JA et al, Circulation 2009: 119: 2798-2807



Analysis of treatment of hypertension

Prospective open-label study of barnidipine

20 well 21 untreated After 6 m

controls | hypertensives | treatment
Blood pressure 126 /78 159 / 96*** 138 / 81***
Augmentation index | 13 £ 5 22 + 7** 17 + 8**
Beta index 10 = 3 11 = 3 10 = 3
Epsilon 126 + 41 175 + 49** 155 + 53**
Arterial compliance |[0.9 = 0.3| 0.6 £ 0.2** 0.7 £ 0.2
Wave speed 6.8 £ 1.0 7.8 £ 1.0** 75t 1.7
Forward pressure 108 = 7 137 £ 17*** 124 + 14*
Backward pressure 17 = 5 21 £ 6% 18 = 3

*<0.05
**<0.01
***<0.001

Palombo C, Clin Ther 2009:31:2873-85




Tissue velocity of aortic wall motion




Aortic wall motion in Marfan syndrome

Prospective, double-blind, randomised cross-over
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Atenolol also reduced heart rate by 16% Williams A et al,

— S0 it reduced pulsatile stress Eur J Clin Invest 2012 (e-pub)



Mechanical deformation of conduit arterial wall
Speckle tracking — “ Wave Intensity Wall Analysis ”

Radial strain Longitudinal strain
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Larsson M et al, IEEE Trans Ultrason 2011; 58: 2244-51
also — Bjallmark A et al, Heart Vessels 2011; 26:289-97




Ventriculo-arterial coupling — clinical applications

Pathophysiological insights from clinical research
— Mechanisms of ISH, and of LVF in HFNEF
— Non-uniformity of conduit arterial function

More accurate diagnosis, better prognosis
— Pulse wave velocity
— Mid-systolic wave reflections

Selecting and monitoring drug treatment

— to reduce central arterial pressure

— to delay and reduce mid-systolic reflections
— to reduce net and pulsatile stress in aorta



