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Potential Applications:

> Identification of cardiovascular risk (e.g. patient with
intermediate risk)

» Evaluation of novel risk factors

= Fvaluating patients for lifestyle, pharmacologic,
and/or mechanical interventions

> Investigation of mechanisms of atherosclerosis and vascular
dysfunction

> Assess efficacy of therapy




. Vascular anatomy and physiology

. Animal model
a. Endothelial and vascular function
b. Anatomical evaluation

. Evaluation of vascular function in clinical

studies




B Endothelium
B Elastic tissues
e Rebounds
e Evens flow
H Smooth muscles
B Fibrous tissue
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Maintaining the vascular tone: Vasodilation and
Vasoconstriction
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Tousoulis, et al., Heart 2005; 91: 353-358.




TARGET CELLS
(SMC, EC, PLATELETS)
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SMC, smooth muscle cell; EC, endothelial cell, IP, phosphoinositide metabolites
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Functional evaluation Anatomical evaluation
(Imaging tools)




How can we evaluate vascular function ?

Pathologic state
Hormone
Cytokine
Nervous system
Volume state

1. Regional response to drug or flow

2, Systemic hemodynamic change
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Type Stimulus Parameters Evaluation techniques
measured

Biochemical invivo =~ Pharmacological (L-arginine) Plasma NO and PGI, Biochemical assays
indirect methods

Physiological (ADP, 5-HT, Urinary nitrate, nitrites
histamine)

Adhesion molecules
Coagulation factors

In vitro direct Pharmacological(L-NAME, Flow Cell culture

methods phenylephrine, noradrenaline,
inhibitors of NOS and COX)

Physiological (shear stress) Shear rate Shear rate

Invasive in vivo L-NMMA (intra arterial) Arterial diameter Ultrasonography
direct methods

Acetylcholine, serotonin, Arterial flow Plethysmography
bradykinin, substance P
(intra arterial)

Non-invasive in vivo ~ Shear stress (post-ischemic Arterial diameter Ultrasonography
direct methods dilation)

Arterial flow Plethysmography
Echotracking

Dipyridamole (intra venous) Arterial flow Positron emission tomography




Multi Chamber Myograph; Vascular Response to

Harvest Vascular Tissue

Preconditioning (vasoconstriction)
- Norepinephrine
- Phenylephrine

1. Endothelium dependent response ]
Multi Chamber Myograph from

-Acetylcholine Danish Myo Technology

- N[w]-nitro-L-arginine : : -
multiple testing of vessel reactivity

(L-NNA, 100 uM).; inhibitor with the chambers (8 ml volume)

2. Endothelium independent response

- Sodium nitroprusside

Endocrinology 2001 142(8) 3317-3323




Multi Chamber Myograph; Vascular Response to
Drugs
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Carotid A. Injury ; Endothelial Denudation Model in
Mice and Rats

Immunofluorescence stain

Rhodamine-lectin GFP
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aser-Doppler Instruments

LDPM

Transmitling fiber Receiving fiber

v Measuring depth : 0.5-1 millimeter
v' No current laser Doppler instrument
can provide absolute perfusion values
(e.g. ml/min/100 gram tissue).

v Measurements are expressed as

Perfusion Units (PU), which are arbitrary




aser-Doppler Instruments

Laser-Doppler fluximetry (LDF) and Laser-Doppler imaging (LDI)

Circulation. 2009 Feb
10;119(5):699-708

Nondiabetic
saline-injected

Diabetic
saline-injected

Diabetic VEGF
gene transfer

& moor instruments
@ - cooni oo o J. Clin. Invest. 107(9): 1083-1092 (2001).




aser-Doppler Instruments

BM stem cell therapy in ischemic leg model of rats

o 1
£
%l
%o
o
§
g.
:
EO
;

Belare tiigery Mg suigery 7 wonk | winek




aser-Doppler Instruments

Laser Doppler Blood Perfusion Monitoring and tcpO2/tepCO2

Provocation methods

- — 1. Local thermal hyperemia
|:' === pE H | M EE } 2. Inotophoresis (acetyocholine)

M r 3. Post-occlusive reactive hyperemia




Acetylcholine
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Vasodilaton Vasocontriction

RCA : 20-50-80 ug LCA : 20-50-100 ug

Complications
1. VT 1.2%

2. VF 0.1%

3. Shock 0.3%

4. Paroxysmal A fib 17.1%

J of Cardiology 2008, 51, 131




Acetylcholine Provocation Test

Acetyicholine

Nitroglycerin

Follow up (3.7 years) Schachinger, et al. 2000. Circulation 101: 1899




Flow Mediated Dilation
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Flow Mediated Dilation
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250-300 mmHg N | s
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Baseline Reactive hyperemia

Protocol
1. Baseline
. Occlusion (5 min)
. Reperfusion (1 min)
. Drug response
NTG (3 min)

Site
1. Brachial a
2. Radial a

Measurement




Low Flow Mediated Constriction and Flow Mediated
Dilation in Radial a.

Arterial diameter variation plot
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Flow Mediated Dilation

Advantages

Non-invasive

Safe and quick

Correlates with coronary vascular function
Flow is a physiological stimulus for vasodilation
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Poor resolution relative to arterial size

Variability

Lacks standardization

Operator-dependent

Control Arm ISRt




Strain Guage Plethysmography
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Strain guage

Pressure cuff

50 mmHg

dV
flow = —

Limb volume (V) s dt
/

» FBF is measured by temporarily occluding the venous return (by a cuff inflated to 50
mmHg) and measured the slight swelling of the distal portion of the limb due to continued

arterial inflow.
»Result of forearm flow is expressed as ml/100 ml tiss/min or the percent changes in flow.




Near infrared spectroscopy (NIRS)
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» wavelength of 805 nm that provides a measurement independent of the degree of
hemoglobin oxygenation allowing total hemoglobin concentration measurement




Near infrared spectroscopy (NIRS)
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Brachial Artery Catheterization with Venous
Occlusive Plethysmography

Advantages

Accessible circulation

Mapping dose-response relationships of endothelial agonists / antagonists

Examination of basal endothelial function (with NOS antagonist infusion)

g Aecorder

Disadvantages H VA
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Aortic stiffness

Independent predictor of

- All-cause and CV mortality in
patients with essential HTN
Markers of aortic stiffness:
- Aortic pulse wave velocity (PWV)

- Augmentation index (AlIx)




Pulse wave velocity

Femoral artery

PWYV = Distance (D) / Time delay (DT) m/sec

Usually measured over 10 heartbeats.




Pulse wave velocity

\

Carotid artery
X o T

- ||' 3
tid d'd( b h
oulda-radl ( &

Distance

= —
@ §—9 | (FISF =

rachial -anlgé \

h

““' A .
\ Femoral arter

|

Femorah-dorsa}is ( AO rtic PWV

distance (carotid-femoral artery)

% AT P




{PWV : a determinant of mortality

Probability of overall survival Probability of event -free survival

(cardiovascular mortality)

PWV<9.4m/s
PWV<9.4 m/s

9.4<PWV < 12.0m/s 9.4<PWV = 12.0m/s

PWV>12.0 m/s
PWV>12.0 m/s

| | | | | | | |
35 70 105 140 -0 105 140

Duration of follow-up (months) Duration of follow-up (months)

Blacher J, Circulation 1999; 99: 2434-2439




Young Compliant Artery




Elderly Stiff Artery




[Augmentation Index

Augmentation Index = AP/PP

: Systolic BP
wave Augmentation

s Pressure (AP)

Incident
wave

ressure (PP)

Mean
. — - Arterial
Pressure

Dicrotic notch Diastolic BP




The impact of the early wave reflection

—

0 100 200 300 400 500 600 700 800 900 1000

(msec)

Systole Diastole

1. Increase in the central pulse
pressure that drives cerebral blood
flow ->increases stroke risk and
renal failure

2. Increase in left ventricular load
(LV load) accelerates increase in LV
mass - increases risk of LV
hypertrophy and HF

3. Decreased coronary artery
perfusion pressure in diastole
-> increases risk of coronary events
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{CAFE Results

Augmentation Index (%) by Treatment Arm

40 Atenolol
—{ }— Amlodipine

35
30
25

Diff Mean (AUC) = -6.5(5.8,7.3) mm Hg
P<.0001

o 05 1 15 2 25 3 35 4

Time (Years)

Circulation. 2006;113:1213-25.




Clinical Detalled \

PATIENT DATA B.A Age,Sew 22 16.Jan 1982, MALE

Patient 0 Address

Patient Code

STUDY DATA 10 Jun 2004  1:04:46 PM Height, 'weight (BMI]  188cm. 83kg (23.48 ka/m?)

Medication

Motes
Operator QUALITY CONTROL
n ) £ n

Generalized transfer function

ADRTIC

fmmHog)
=
=

Pulse Wave Velocity
& Augmentation Index I T T
Uses Arterial tonometer (radial) B | wo o

Peipheral T1, T2, 4lx - 96ms, 192ms, 61%

B0 1,000

Aortic Alx [AG/PP) @HRTS 14%

CENTRAL HAEMODYNAMIC PARAMETERS

Heart Rate, Period 83 bpm, 727 ms P71 Height (F1-Dpl 23mmHg  Buckberg SEVR [ad/dz) 148% [3351/2264)
Ejection Duration 273 ms, 38% Augmentation 3 mmHg MP. [Spstole, Diastale] 100, 90 mmHg
Aotic T1, T2, Tr 105, 199, 142 ms  Alx [AG/PP, P2/F1)  10%, 111%  End Systolic Pressure 101 mmHg




ardiovascular MRI

Brachial a Carotid a

BAIM TR

COMPF B 4CM .

23HZ S1EPH i GRIN &5

B = CONP 45 4C
¥ EBH; E1EPM

o <
=it S l—-— = [ »
* P — === | T
T » £ [E=C
= iy - s < H

Journal of Cardiovascular Magnetic Resonance (2006) 8, 381—387




~ardiovascular MRI

Endothelial Change of vessel size after FMD
dependent -Absolute change of area (Post-Pre)
response -Proportional change of area (Post-pre/pre *100)

Endothelium | Change of vessel size after nitrate (SL or spary)
independent
response

Vascular (A -Amin) / Amin® (PmaX-Pmin)

max
distensibility

Pulse wave Arrival time of the pulse wave at each level was defined as
velocity the time point when the mean velocity reached half of its
maximuim.

Curve fitting of velocity data (Software Version

7, OriginLab Corporation, Northampton, MA)

Journal of Cardiovascular Magnetic Resonance (2006) 8, 381—387




~ardiovascular MRI

Comparison of brachial and carotid artery measures. Difference between
CMR and ultrasound represents the mean (SD) of the differences in the
vascular measures obtained by CMR and ultrasound in each individual.
Results are presented as Mean (SD)

Difference between
CMA Ultrasound CMR & ultrasound Correl" P for come/"

Resting diastolic brachial area in mm? 126(4.3) 13.3(44) —ﬂ 7(22) 0.87 <0.0001
Resting systolic brachial arca in mm* 13.7(5.0) 14.1(4.6) 0.4(21) 0.00 <0.0001
Post-cuf diastolic brachial area in mm’ 13.7 (4.5) 14.5(49) —ﬂ 8(2 E] 0.85 <0.0001
Post-GTN diastolic brachial area in mm? 19.3(4.5) 18.3(5.4) 10(27) 0.96 <0.0001
) (
(

Carotid diastolc area in mm? 355(0.6
Carofid systolic area in mm? 42.8(10.6) 446(8.2) -18(78) 0.72 0.01

37.9(6.7) —24(17) 0.60 0.02

Journal of Cardiovascular Magnetic Resonance (2006) 8, 381—387




Conclusion

1. Vascular function represents a final pathway

integrating the net effects endothelial cells and is a

logical physiologic marker of vascular health and

prognosis.

2. However, before the curtain rises to welcome
endothelial function testing onto clinical stage,
Jurther study is needed for the reproducibility ,

standardization and clinical implications.




