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Nowadays...Echocardiography
has become a mature tree

A nhew

diagnostic '
power! o
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ritically impaired CFR
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Decrease of Coronary Perfusion Pressure
g Distribution of Coronary Resistance
mormal coronary arterial bed
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Diameter >1000 um
% of total resistance 5%
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Cardiovasc Ultrasound 2005:3:18-27



Active coronary autoregulation

at within the autoregulatory range of perfusion
baut 60-140mmHg), coronary blood flow is
ghanges in arterial perfusion

Constant
until coronary™e glow 40-60mmHg

The mechanisms respon ge in

vascular resistance that keep
with change in perfusion pressure

(myogenic control and local metaboliCc*e

Most of the resistance which opposes coronary ©
arises from resistance arterioles. The resistance is nie
by decreased coronary perfusion pressure.



Mechanisms of maintenance
ant capillary hydrostatic pressure

e At rest in absence of any
stenosis

est In presence of

Capillary Bed

Jayaweera, A. R. et al. Am J Physiol Heart Circ Physiol 277: H2363-H2372 1999



e \Vasodilator reserve Is the differen

e The loss of autoregulation at low coronary pressui

L 0ss of Autoregulation

@st at pressures below approximately
i blood flow becomes pressure-

. ISION pressure decreases
coronary e

Below the autoregt®
coronary vasodilator reSe

coronary flow and flow after maxima
dilatation.

critical element in producing angina pectoris.



Dieifinltier of CER

Between coronary blood flow
e\ autoregulation plateau at
g flow after maximal

iy defined as CFR

Fres
VasoaQite

e Calculated as Tr¥
maximal(hyperemic¥

e Up to now CFR has been ev
the cath lab and in nuclear meadiél
perfusion Imaging. Only recently ha
entered the Echo Lab, with the combinat
CF assessed by Doppler and vasodilator st




Gould revisited: 30 years later

Gould KL, Am J Cardiol, 1974

.

BASAL FLOW

L |=non significant stenosis (<40%); CFR >2.5 (norhi@
B - moderate stenosis (40-70%); CFR 2-2.5 (borderline nct

- severe stenosis (70-90%); CFR <2 (abnormal)
- very severe stenosis (>90%); CFR <1 (very abnormal)

Cardiovasc Ultrasound 2005:3:18-27



CORONARY FLOW RESERVE

Hyperemic




CRR

Bd flow can increase approximately
myocardial oxygen demands.

alation at the arteriolar
Rce, thereby

4-S
This efie

bed, which e
augmenting flow:

e CFR represents the capaciy ation to

dilate following an increase in ™
demands.

e Itis an important index of the severity of epica
coronary stenosis, or, in the absence of stenosis, €
Integrity of the microvascular circulation.



I the LAD (Reliable tool for evaluating

patie )sis of intermediate severity)

Sens
Specificity
To study coronar
To identify IMA grafts %
To assess endothelial functi€
To detect microvascular disease

(pts with atypical chest pain, syndron&
HTN,DM, hyperchlesterolemia,smokers)




CF signal on LAD

gssible by TEE — Circ 1991,83 Hutchinson SJ
keft Main and bifurcation of LAD and Cx))

B'TEE
ECCHINATO
AOLA

4 5 =P, 4
el | :
i WL Felw =
AEE kB T |

e Only more recently increase in clinical interes
due to the development of the TTE method



Technical Aspects

jactors which allowed the totally noninvasive
mdistal LAD
qq
- high' 2.5-12MH2z)
- avalilabilit

Machine settings(Ny
Incidence, sample volum

pth, angle

Training (Imaging pitfalls)

Criteria valid for peripheral arteries

Local maximal flow velocity>1.5m/s is an accurate™s
stenosis



lab

BSibility of measuring CFR
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fflipfg asthoracic Doppler echocardiogrphy
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Imaging pitfalls

{esp in PLAX)

sl will be present during systole

ThoraciC
(predominantly systeh
Small mediastinal ¥
veins accompanying the
the pericardial phrenic artery

(significant respiratory variation and an almost continu@
pattern at very low velocities)



hiotocol for assessing CFR

at a dose of 140mcg/kg/min

40-50secs

e Plasma™ a 10secs

e Hyperpnea cat age quality
(end-expiratory bre&

e Antagonists of adenosinge
derivatives) should be withdrax
least 24hrs before testing

e If contrast Is necessary, separate 1.v. lin



Bomparison between adenosine
fgiipyridamole characteristics

el \ Dipyridamole

Duration of 30 min

Time to max, Eflect 3% i
Advantage Short action waow to assess CFR and wall motion

fng g examination
Disadvantage Frequent- hyperventiation pOsSTBly of i e ischemia

Rare - bradycardia, AV block hypotension, T ensioiusl)
headache,

. 4

Cardiovasc ¥

Other drugs : Acetylcholine, Papaverine anG¥ Ine
Antidotes to Dipyridamole and Adenosine : Methylxaihines




b agents used to test CFR

Agenit

Adenosine

Dipyridamole  0.56-0.84 mg/ kg

Diobutiamins B g/ kg/min increased at
3-5 min intervals toa
maximum dose of 40
g/ kg /min

low reserve using echocardiography

Advantages Disadvantages

seffect

CFR, Coromary tlow resemve.

# Hyperventilation
# Bradvarrhythmia
® Headache
# 30 min duration
# 5-16 min to maximum effect
hyperemic response
ig heart rate and

JASE 2004;177N




Mid-distal tract of LAD

Feasibility of imaging
Distal LAD >90%



RCA and PDA

Feasibility of imaging
PDA >75%



~ 10:39:31am
a 3v2c _

: H35MHz  160mm
Cardiac

Cardiac

T1/-3/ 0/VA
VEANCL:2 5MHz]
Guad CD= 50

pemo i corsol
Freq Card 67bpm

Feasibility of imaging
LCX >40%




LIMA

AX window

WIS

o Pate!
graduai™
pattern froni¥
systolic velocity™
the origin from the's
artery) to the predomina
diastolic velocity distally
(proximal to the anastomosis
with the native coronary artery)

b,

e When IMA graft develops
stenosis, low velocity profiles
are recorded during diastole
with an increase in the systolic

component

Feasibility of imaging JASE 2004;17:1%

LIMA 70-95%




e

P RNeHMal relerene

systolic flow (HR)

e Rapid diastolic*&

(integrity of the distal cora

e Retrograde Flow
(presence of collateral flow)

e Flow Damping (velocity< 13cm/s
e Lower limit of normal CFR is > 2.5 (3.0)

Ho-Joong Youn: JASE 2004;1".178-85



R¢ 5.0Nn CFR in different pathologies

Male/Female Mean age(years) CFR

39£ 12 332£03
Syndrs ,‘ 5717 227103
LAD (= 70% " 63+ 16 1,38 £0,2
LAD (<70%) | 62+ 16 221024
Hypertensive pts 6117 2,46 + 0,44
DC 48 1,94 £ 0,24
HCM 44 5/ 221023
Aortic stenosis 22 2,18 0,34
Aortic insufficiency 12 2,57 +0,40
PCl- LAD (>3 mo.) 72 ' 4 0,45
Graft-IMA (>3 mo.) 56 8
Post-AMI (>3 mo.) 93 69/24
Athletes 4| 41

LAD = Left anterior descending coronary artery; Syndrome X = microvasculature dysfunction; D
Hypertrophic cardiomyopathy; PCI-LAD = after LAD angioplasty (>3 months); Graft-IMA = By-pass with
Ami = after anterior myocardial infarction not revascularized.

It is important to underline the fact that
different pathologies can give the same
values in terms of CFR

Cardiovasc Ultrasound 2003:3:8




Factors limiting CFR

due to increased myocardial oxygen demand as a result of:

’ 20 cuility

* myocard

2. Decrease 0 € mic) £0r O

* epicardial coronary

* decrease mean aortic press g prgssiife gegmag exaggerate response to vasodilator agent
* wall thickening (remodeling) of resiss

* reduced density of arterioles

* cardiomyocyte hypertrophy

* perivascular fibrosis

* interstitial fibrosis

* endothelial dysfunction

* increased blood viscosity: policythemia, macroglobulinemia

* elevated LV diastolic pressure increasing extravascular compressive forces and resi igysubendocapdial e

3. Shift to the right in the pressure-flow relation through maximally dilated vesse eaSen zéro flay
* increased left ventricular diastolic pressure

* tachycardia

* myocardial hypertrophy

JASES JL/7:6

Cardiovasc Ultrasound 2005:3:18-27



CFR correlates well
plnvasive measurements

.

Intracoronary Doppler

Base Adenosine




Bccuracy of CFR to detect LAD disease

Accuracy  Cl195%

1D Echo
Coronary Flow Reserve (cut-off = 2)
Coronary Flow Reserve (cut-off = [,9)
Coronary Flow Reserve (cut-off = |,8) ¢
Coronary Flow Reserve (cut-off = [,7) 97%
( )
)

Coronary Flow Reserve (cut-off= 1,6 100%

Coronary Flow Reserve (cut-off= 1,5 -
1D Echo/ CFR cut-off= 1,9 94% 91-98%

100%

Cardiovasc Ultrasound 2005:3:8



pracy of TTE analysis of CFR

afor measurement of CFR Is the
guidewire.

e |[ncreasin

Imaging modalities has
led to the use '

ore recently TTE

e \alidation of these moGa tandard
of intracoronary Doppler has
Infrequently, particularly in the C

(Paper from Cambridge (Parworth H

Hildick-Smith D : JASE 2002;157384-90



Practical Advantages of transthoracic CFR
over other

Imaging Modalities

(e.g. MRI, PET)

e No ra
e Non invasi¥
e Good diagnostiey

e EXxcellent clinical utii

e \Widely available / accessi®
e Safe

e Low cost

e Minimal pt discomfort




Limitations of using CFR
iand-alone diagnosic criterion

nly LAD is sampled

e CFR cann 2o microvascular

and macrovas

e The flow information IS9
concomitant antianginal tii€

which markedly reduces the set
Ischaemia-dependent regional WV
not influence CFR or does so only to &
extent.

Cardiovasc Ultrasound 2003;3:8



Bchocardiography in [HD

it of regional systolic function

o C9
-LV o
-Myocardia$y
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Retter method In detecting

2N0sis during-contrast-
BR.or WM assessment?

les of
ave an

e Studies demonst
unselected patients ™
equivalent diagnostic acc¥

significant LAD stenosis

Takeuchi,M: JASE 2003;614-21



CFR in stress-echo lab

gical novelty is changing the practice o
lain reasons:

2) and

high sensitiVi§§ relationship

The technicalities of €
choice in favour of VasogH

stress and easier to performW

CFR adds a quantitative support to th
qualitative assessment of wall motion anai¥

Cardiovasc Ultrasound 2009



gf Dipyridamole Stress Echocardiograph

Allih
Ti0mgin 1 jup & 340 mg in 3]

= TIMELINE
milm

Lenfinuoue
% manfering and
Pulsrd necording

1 leged ECG

12 load ECG

BP recording ‘%

Protocol of Dipyridamole Stress Echocardiography

The stress protocol was based on the Intermittent evaluation o wall meton and coronary Tos esepee (CFR) N the left
anterkor descendng artery during dipgidamods (DIP) Infuskon. BP = blocd pressune; PW = pulsad wave; 20 echo = 2<dimensional @

Cortigiani L.:JACC 2007790:14




CFR in Dip-SE

BASAL DIFYRIDAMOLE 1

'1"""-" 48 i b N

B :l.l-.nlq

R CRIDAMOLE CAPYRIDAMOLE X

s oy 4o, b J l..h...h

5-'3;?. |"'"1

'-i}m DIPYRIDAMOLE &'
'ﬂiﬁ'@

el 2o [ /'7“

Figure 4 Temporal =3
(CFR) by transthoracic echy

DIFYRIDAMOLE gressive, stepwise increase in CEFR

and immediately reversed on amin

Lowenstein J.:JASE 2003: 16:607-13



CFR in Dob-SE

Takeuchi,M:JACC 2001, 38:117-23



Combining Stress Echo
with Contrast and CFR

iS accepted to be <2.0 for
Dystenosis of >75%

e CFR has a gocH

e WMSI normal=1

CFR normal>2.5 High negativey

e \WMSI normal=1

CFR low<?2 Microcirculatory disorders /
altered endothelial function



natomic an

Mild-1c-
Moderabe
CAD

STRESS

Symthetic View of Different Coronary Anatomic and Prognostic CFR

& gyrithetlc viaw of the different coronary anatomlc (Arst row) and prognestic coronary fiow resens (CFR) conditio

aduing stress (framed]). In ndmmal condtons (left), there s nomal coronary anatomy (upper rew), romal wall motion

(thlrd row), with 2400 Incresss In peak diastolic fow vl ty during stress (dotted) wersus basaline (full preflle). An abnor

can ke fourd In presence of prognostizally meaningful miciovasoular dssase (second column from keft) or milddomoderats spic

Wih more advancad epicardid coronary artery stencsls (far right celumn), the reduction of CFR s conslstently assoclated with wall m
unfavorable prognostis Impact | — = gocd prognesls: = = posslbly unfavorable progresls; + = unfavorable prognosls; ++ = wery Untasor.
nary artefy dsease. Redrawn and modifed from Plcans: et a. (2320,

Cortigiani L.:JACC 2007, 50:14



Abnormal CFR with normal WM
hoohysiology behind prognosis

ardial coronary artery
stene guced perfusion defects)

® 2. Severe ALy artery
stenosis In pres anti-
Ischemic therapy

e 3. Severe microvasculai
presence of patent epicardiaie
arteries

Rigo F: Am Heart J 2006;151%124



SPECIFICITY (%) ACCURACY (%)
Dip-208+ G Dip-2D+CFR ~ DIP Dip-2D + CFR
Rigo et al, Am | Cardiol 2003 /4 ) 8 93
Lowenstein et al, JASE 2003 69 . 80
Nohtomi et al, JASE 2003 ) 93 83
Chirillo et al, A|C 2004 67 93 3 I
Ascione et al, Int | cardiol 2004 ] 83 9% J
6719 9013 93t %




CFR In stress-echo lab

pest choice in echo-lab evaluation
lationship

A/MAs which is of high

diagnostiC jOrognostic power.

e CFR can be especial
(capable of reducing CF=s
levels)

3d stenosis

e |dentifies patients with microvascular aiS



2ER with high-dose dipyridamole
in pts with ACS

g after an ACS, analysis of
lhmotion during DSE Is
tratification,
have an

|dent|fy|ng tl
anglo (decreasd sensi

e CFR is feasible and sat
Information

Ascione ™



CFR to assess dysfunction
}aronary microcirculation

e Hypercie
e Syndrome X
e AoV Disease
e HOCM

e |diopathic Dilated CMP



CFR to assess dysfunction
bf endothelial function

pafter high and low fat meals

e Effect of re

Has been shown to be of p

e May be reversible!!

Pellikka P: JASE 2004¥17,700-



CFR response to LAD stending
and its value in predecting
gonary Restenosis

Reous intervention may not
morovement in CFR

because C! Mcrovascular stunning

e Several days after (i€

ide a more
accurate information on'¢ 3

e For serial follow up of treated patich

e Despite successful stenting CFR impairment™@
large proportion of pts (extent of atherosclerotic C8

disease) Tsutsui J: JASE 2003:16¥469-75



Lhe prognostic impact of CFR
-ischaemic dilated CMP

ker of impaired coronary

e The abnormat
Increased incide®
iIndependent of the
Impairment and the evi

0 an

e Dip-SE

e Aggressive treatment

Rigo F: EHJ 2006;2/7¥319-23



Prognostic role of CFR

AD  without WMASs but impaired

jative predictor
Circulation 2004;110:511-7

e In pts who

| wr AMI, impaired
CFR Is a negaii

i 2003;90:522-6

e In pts with microvascular oy
Dilated CMP and HOCM impal
negative predictor

(important guide to the efficient managem
JACC 2004;44:1627-33



Problems of CFR

aodel of Hoffman the highest CFR is
subepicardial layer of

gdetermined)

ssociated with the loss of flow
cocardium.

The reduction of gia
reserve in a part or all &

Spatial Heterogeneity © ardial wall

Small ischaemic regions??

Maximal flow is achieved by giving et
dose of vasodilator or by examining the €
hyperemia- evidence provided that both thes@
approaches are flawed.



Transmural Distribution of CFR
R subepicardial > CFR subendocardial

)
20
=
A=
g
—~
=
—
o
>
@)

Coronary perfusion pressure (m

Cardiovasc Ultrasound 2005:3:18-27



New Horizons
for CFR

e DSE WMASs and CFR

without AR

*Regional Reserve cardial
regions

*Determine what mechanisms gco¥%
coronary vasodilation and how this ca!
evaluated and tested in humans



CONCLUSIONS

Prof. Grimm
Cleveland Clinic, USA
Oct 2007

Na
an echocaraiag
examination

highly useful clinically an®

cost-effective ’

In diagnosis and
treatment

of IHD”

% A
/I
. /7



e s short,

& IS 50 long to learn,

s elusive,
lBogerous,

RS (€.415BC)
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