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Flow Reservein Patientswith Myocardial I nfarction
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Miniaturised  sensors can
nowadays be mounted on
angioplasty guide wires to assess
pressure, flow velocity, and
temperature. The excellent
mechanical properties of these
sensor-tipped wires revived the
interest in the physiological
approach of coronary artery
disease. Fractional flow reserve
(FFR) and coronary flow reserve
(CFR) are two indices used to
assess the severity of an epicardia
stenosis detected at angiography.

This review focuses on the use
of FFR and CFR in the setting of
myocardial infarction. This article
isnot intended to be an exhaustive
review of the various concepts
related to myocardial flow
reserve, for which readers are
referred elsewhere .

Definitions

FFR represents the ratio of
norma to maxima myocardia
blood flow. Stated in another way,
FFR is the ratio of maximal
myocardial flow in the presence
of the stenosis to maximal
myocardia flow in the absence of
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the stenosis®3. FFR measurement
requires the use of a pressure
monitoring guide wire and is
caculated as the ratio of distal
coronary pressure to aortic
pressure obtained simultaneously
during maximal hyperemia

CFR represents the ratio of
hyperemic to resting blood flow.
In the catheterization laboratory,
CFR can be measured from
coronary blood flow velocity
(Doppler wire) 4 or, more recently,
by applying the principle of
thermodilution °.

The definition and some key
characteristics of FFR and CFR
are summarized in table 1 and
illustrated in figure 1.

FFR and CFR in patients with
remote infarction

With respect to FFR and CFR
the presence of a prior myocardial
infarction (M1) in the distribution
area of the stenosis under study
induces two mgor changes: (1)
the mass of viable myocardium is
smaler and (2) infarct related
resistive vessel dysfunction might

blunt maximal hyperemic
response (figure 2).
Uren et al. indeed

demonstrated that basal and
hyperemic myocardial flows per
gram or perfusable tissue are
lower in infarcted regions than in
regions remote from the infarction
up to 6 months after MI. In
addition, Claeys et al. observed
that for similar degrees of
stenosis, coronary flow velocity
reserve is lower in regions with,
than in regions without prior Ml

both before and after angioplasty’.
The mechanisms responsible for a
reduced basa flow remain
speculative and include the
decreased oxygen consumption in
the residual viable myocardium,
inappropriate constriction of both
the epicardia and resistance
vessels distal to the site of the
coronary thrombosis, “stunning”
of the resistance vessels, and
partial  obliteration of the
microvasculature.

Ischemic threshold of FFR and
CFR after prior Ml

In patients with normal left
ventricular  function a well-
defined cut-off value of FFR has
been shown to accurately
distinguish stenoses capable (FFR
< 0.75) of inducing myocardial
ischemia from those that are not
(FFR3 0.75)* 5. The corresponding
cut-off value for CFR variesin the
literature from 1.6'® to 2.5, This
large gray zone renders CFR-
based decision-making difficult.
Due to the infarction-induced
changes in myocardial mass and
in microvascular reactivity it is
guestionable whether the
established ischemic threshold for
FFR and CFR are vdid for
clinica decison making in
patients with prior MI.

To the best of our knowledge,
this was never investigated for
CFR. To determine whether the
FFR value of 0.75 may apply to
patients with prior MI, we studied
57 patients who sustained a Ml at
least 6 days ealier'®. FFR
measurements were compared to



Table 1: Characteristics of FFR and CFR

FFR

CFR

Theoretical definition:

Fraction of normal to
maximal myocardial blood
flow

Ratio of hyperemicto resting
flow.

Partical definition (for

the interventionalists) :

FFR tells to what extent
myocardia flow will increase
after removal of the
epicardial resistance by PCI.
eg.. If FFRis0.45, PCI
should induce an increase in
maximal flow of an
additional 55% of normal

CFR gives information on
both the epicardial resistance
and the microvascular
resistance (seefig 1). It does
not allow to distinguish
between the two components.
eg. If CFRis 1.5 before PCI,
it isimpossible to predict

maximal blood flow.

If FFRis 0.85, PCI
should induce an increase in
maximal flow by an
additional 15% of normal
maximal blood flow.

whether it will increaseto 1.8
or to 3.5 after PCI.

Normal value 1 3-6
Ischemic threshold 0.75 (-0.80) 1.8-25
Collaterals Collateral flowsistaken into ?
account
Hyperemia Only hyperemic Resting + hyperemic (not

(simultaneous) pressure

simultaneous) flow index

measurements needed for measurements
CFR
Influence of systemic | Almost absent Largeinfluence of changesin

hemodynamic

® low variability

blood pressure, HR and
contractility on resting flow

® large variability

flow maldistribution a Tc-
sestamibi  SPECT. Only the
studies that reverted from positive
before revascularization to
negative after revascularization
were considered truly positive or
truly negative, respectively. The
sensitivity, specificity, positive
and negative predictive values of
the 0.75 value of FFR were 87%,
100%, 89% and 94%, respectively
(figure 3).

In addition, in patients with
residual flow maldistribution, FFR
was significantly lower and LVEF
significantly higher than in
patients without residual reversi-
ble flow maldistribution, even
though stenosis severity was
similar in both groups (figure 4).

Taken together, these data

illustrate the inter-relationship
between stenosis  severity,
epicardial blood supply,

myocardial mass, and ischemic
threshold: the smaller the
infarcted area (and thus the better
preserved the LVEF and the larger
the reversible perfusion defect),
the lower the FFR for a given
degree of stenosis. Because after

MI, the mass of viable tissue
decreasesin the perfusion territory
supplied by a stenosis, adenosine-
induced hyperemic flow and
transstenotic gradient will be
smaller, and thus, FFR will be
larger, even though the stenosis
remained unchanged. This implies
that at unchanged stenosis
severity, FFR will be larger after,
than before MI, illustrating the
fact that 2 identical stenoses may
have a different FFR, depending
on their distribution area
Therefore, in case of prior MI,
FFR does not underestimate
stenosis severity. In contrast, FFR
still  represents the fraction of
maxima flow to the remaining
viable myocardium, which is
preserved despite the presence of
the stenosis. In fact, it is the

angiogram that tends to
overestimate  the  functiona
severity after prior MI.

Conversely, within the partialy
infarcted area, the perfusion
pressure associated with flow
maldistribution or ischemia of the
remaining viable myocardial
tissue is unlikely to change. This
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explains why the same cutoff
vaue of FFR was found in
patients with a prior Ml and in
patients with normal LV function.
In summary, these data indicate
that the 0.75 threshold-value of
FFR also applies in patients after
MI. Above the FFR value of 0.8,
the SPECT imaging was
uniformly negative for reversible
myocardia ischemia.

FFR and CFR in acute M|

During the acute phase of a
myocardial infarction the need for
assessing lesion severity is
exceptional. The microcirculatory
resistance changes very rapidly
and depends on a lot of
interrelated  factors. After
mechanical revascularization,
evaluation of stent deployment
should therefore account for
several factors which  might
influence myocardial blood flow:
LV diastolic pressure, residua
capillary obstruction by thrombus
or edema, the loss of myocardial
mass, the “stunning” of the
resistive vessels, the
administration of I1b/llla receptor-
blockers, etc. In general, since
microvascular function is prone to
improve rapidly after the acute
phase, it should be kept in mind
that FFR tends to be
overestimated and CFR
underestimated when measured in
the acute setting than a few days
later. Therefore both FFR and
CFR obtained in the setting of an
acute MI should be interpreted
with great caution. Nevertheless,
the observation of a high CFR
immediately after revasculariza-
tion of the culprit lesion might be
predictive of an improvement in

regional wall motion.
Suryapranata et a. found a
significant correlation between

CFR as assessed by contrast

densitometry immediately after
angioplasty and regional
myocardial  function’®.  More

recently, Akasaka et al. identified
atypical pattern of coronary flow
velocity during the acute phase of
an anterior M1 that is associated
with the recovery of contractile
function at one month (systolic
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Fiure 1: For clinical decision making FFR and CFR provide the interventionalist with different, - and therefore highly
complementary -, information: CFR tells to what extent the total (epicardial and microvascular) resistance is abnormal.
Changesin both microvascular and/or epicardial resistance will influence the value of CFR, and it isnot possibleto predict on
the basis of CFR what will be the improvement in maximal myocardial flow after successful PCI. The value of pressure-
derived FFR is also influenced by the status of the microvasculature (in case of abnormal microvascular function FFR will tenc
to be higher and vice versa) but, from apractical point of view, FFR exactly tellswhich increase in maximal myocardial blood
flow can be expected from a PCI procedure.
In contrast in case of normal epicardial resistance (no stenosis) FFR will beequal (or very close) to one, while an abnormal
CFR value would indicate microvascular dysfunction. Thereforeit can be stated that, for practical purpose, FFR is stenosis
specific, while CFRisnot. FFR isuseful in case of epicardial stenosis, while CFR is especially useful when thereisno

stenosis (or to complement FFR).

flow velocity larger than 0,6 m/s
and dastolic deceleration time >
600 ms?°. Conversely, a low FFR
value immediately upon
recanalization indicates a
persistent epicardial resistance
even though the angiogram is
satisfactory.

FFR, CFR and Viability
Hibernating myocardium is
defined as chronic, reversible left
ventricular dysfunction due to
CAD?. Its corollary, myocardial
viability, usually designates the
capability of contracting in the
presence of adequate blood flow??.
The concept of responsiveness to
inotropic stimulation is inherent to
these definitions. Viable
myocardium does not necessarily
imply the presence of ischemia,
but tissue has to be viable to
becomeischemic.

Several animal and human studies
have shown that hibernating
myocardium was characterized by
a mismatch between flow and
function: a dyssynergy in the
presence of a norma (or near
normal) myocardial flow.
Explaining the apparent paradox
between severe  contractile
dysfunction in the presence of a
norma flow, it was shown in
animas?® and more recently in
humans®*  that  hibernating
myocardium is the consequence of
repetitive post ischemic stunning
rather than to a persistent decrease
in flow with consequent metabolic
adaptation.  Therefore, patients
with hibernating (and thus viable)
myocardium have a normal (or
near norma) flow at rest but a
reduced flow reserve so that any
stress results in ischemia. On
recovery, myocardia stunning is

manifested and repeated episodes
result in hibernating myocardium.

Lee et al showed that dyssynergic
myocardial segments with a
contractile reserve had a lower

flow reserve than  normal
segments but a significantly
higher  flow reserve  than

dyssynergic segments without
contractile  reserve®.  Animal
experiments even suggested that
microvascular reserve (as assessed
by myocardial contrast
echocardiography) was superior to
contractile reserve for defining the
extent of viable myocardial within
the infarct bed® The relationship
between hibernating myocardium,
coronary flow and coronary flow
reserve can be summarized as

follows. (a) resting flow is
normal, (b) flow reserve is
reduced, (c) the higher flow

reserve (but within the abnormal
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range), the higher the likelyhood epicardial  stenosis and a that: (&) a high coronary flow
and the extent of viability. dyssynergy at left ventricular  reserve and or a high FFR suggest
Practically, in a patient with an ~ angiogram, it isreasonableto state  the absence of reversible ischemia
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Figure 2: Schematic representation of coronary stenosis and its dependent myocardium before and after MI. FFRis

defined as the ratio of myocardial blood flow in the presence of epicardial stenosis (Q, ) tomeximal myocardiial

blood flow in absence of the epicardial stenosis (Qn'\]‘ax ) Inclinical practice, FFR can be calculated by theratio of

distal coronary pressure to aortic pressure during maximal hyperemia. After MI, theamount of viable myocardium
distal to the stenosisis smaller than before, associated with the decrease in absol ute hyperemic blood flow. Therefore,
in the hypothetical case, epicardial stenosis remains unchanged, the hyperemic pressuregradient decreased and FFR
increased. Thus, despite unchanged anatomic severity of stenosis, its functional severity has decreased because of
smaller amount of viable tissue to be supplied.
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Figure3:

Right panel: values of FFR before and after PCI in patients with truly positive and truly negative SPECT
imaging studies.

Left panel: Concordance between FFR and SPECT imaging in patients in whom SPECT imaging was truly
positive and truly negative.

LVEF (%) FFR DS (%)
80 0.8 : 9
P<.001 P<.01 NS
70 0.7 8
0.67
60 63 0.6 7
67 68
50 52 0.5 0.52 6
40 0. 5
MIBI + MIBI - MIBI + MIBI - MIBI + MIBI -
nN=43 n =14 n=43 n=14 n=43 n =14

Figure 4: Values of LVEF, FFR and diameter stenosis (DS) according to the results of SPECT imaging. At
similar degree of stenosis, patients with positive SPECT imaging have better preserved LVEF and lower FFR
than patients with negative SPECT imaging, suggesting a larger amount of viable tissue. This corroborates that
for a same anatomic obstruction, the value of FFR depends on the mass of myocardium at risk.
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Figure 5: Example of pressure recording in 60-year-old woman who sustained anterior M1 6 days before
catheterization. Coronary angiogram showed a 64% diameter stenosisin proximal left anterior descending
coronary artery. Left ventriculography shows severe anterior hypokinesia. Transstenotic pressure gradient is
9 mmHg at rest and 33 mmHg during maximal hyperemia, which correspondsto FFR of 0.56. Thuslarge
increase in pressure gradient during hyperemiaindicates maintained vasoreactivity, which, in turn, suggests
the presence of myocardial viability of anterior wall.

myocardium; (b) fractional flow
reserve lower than 0.75 in the
presence of a large increase in
pressure gradient during
pharmacological vasodilation is
very suggestive of the presence of
the hemodynamically significant
stenosis subtending viable but
hibernating myocardium. This is
illustrated in figure 5 but so far
the relationship between CFR,
FFR and myocardial viability has
not yet been investigated
systematically.

References

1) PFijls NHJ, De Bruyne B.
Coronary pressure. Kluwer
Academic Publishers

2) Pijls NH, van Son JA,
Kirkeeide JR, e 4.
Experimental basis  of
determining maximum
coronary, myocardial, and
collatera blood flow by

3

4)

pressure measurements for
assessing functional stenosis
severity before and after

percutaneous  transluminal
coronary angioplasty.
Circulation 1993;87:1354-
1367

De Bruyne B, Baudhuin T,
Melin JA, et a. Coronary
flow reserve calculated from
pressure measurements in
humans. Circulation
1994;89:1013-1022

Doucette JW, Corl PD,
Payne HM, et at. Validation
of a Doppler guide wire for
intravascular  measurement
of coronary artery flow
velocity. Circulation
1992;85:1899-1911

De Bruyne B, Pijls NHJ,
Smith L, e &. Coronary
thermodilution to assess flow
reserve. Circulation
2001;104:2003

Flow Reserve in Patients with Myocardial Infarction

Emanuel e Barbato and Bernard De Bruyne

6)

8)

9

Uren NG, Crake T, Lefroy
DC, e a. Reduced coronary
vasodilator ~ function in
infarcted and normal
myocardium after
myocardia  infarction. N
Engl J Med 1994;331:222-
227

Maseri A, Crea F, Kaski JC
et a. Mechanisms of angina
pectoris in syndrome X. J

Am Call Cardial
1991;17:499-506
Claeys MJ, Vrints CJ,

Bosmans J, et a. Coronary
flow reserve during coronary
angioplasty in patientswith a
recent myocardia infarction:
relation to stenosis and
myocardial viability. J Am
Coll Cadiol 1996;28:1712-
1719

De Bruyne B, Bartunek J,
Sys SU, et a. Relation
between myocardial

7



10)

11)

12)

13)

14)

fractional flow reserve
calculated from coronary
pressure measurements and
exerciseinduced myocardial
ischemia. Circulation
1995;92:39-46

Rijls NH, Van Gelder B, Van
der Voort P, et a. Fractional
flow reserve: a useful index
to evaluate the influence of
an  epicardia coronary
stenosis on myocardial blood
flow. Circulation
1995;92:3183-3193

Fijls NH, De Bruyne B,
Peels K, et a. Measurement
of fractional flow reserve to
assess the functional severity
of coronary-artery stenoses.
N Engl J Med
1996;334:1703-1708

Bartunek J, Marwick TH,
Rodrigues ACT, e 4.
Dobutamine-induced wall
motion abnormalities:
correlations with myocardial
fractional flow reserve and

guantitative coronary
angiography. J Am Call
Cardiol 1996;27:1429-1436

Bartunek J Van

Schuerbeeck E, De Bruyne
B, e a. Comparison of
exercise electrocardiography
and dobutamine
echocardiography with
invasively assessed
myocardial  fractional flow
reserve in evaluation of
severity of coronary arterial
narrowing. Am J Cardiol
1997,79:478-481

Fearon WF, Takagi A,
Jeremias A, et a. Use of
fractional flow reserve to
assess the functional
significance of intermediate
coronary stenoses. Am J
Cardiol 2000;86:1013-1014

15)

16)

17)

18)

19)

20)

Abe M, Tomiyama H,
Yoshida H, et a. Diastolic
fractional flow reserve to
assess the functional severity
of moderate coronary artery
stenoses: comparison with
fractional flow reserve and
coronary  flow  reserve.
Circulation ~ 2000;102:2365-
2370

Heller LI, Cates C, Popma J.
Intracoronary Doppler
assessment of moderate
coronary artery  disease:
comparison ~ with 2%l
imaging and  coronary
angiography. Circulation
1996;96:484-490

Serruys PW, di Mario C,
Piek J. Prognostic value of
intracoronary flow velocity
and diameter stenosis in
assessing the short- and
long-term  outcomes  of
coronary balloon
angioplasty: the DEBATE
study (Doppler Endpoints
Balloon Angioplasty Trial

Europe). Circulation.
1997;96:3369-3377
De Bruyne B, PFijls NH,

Bartunek J, et al. Fractional
flow reserve in patients with
prior myocardia infarction.

Circulation 2001;104:157-
162

Suryapranata H, Zijlstra F,
MacLeod DC, e« 4.

Predictive value of reactive
hyperemic  response on
reperfusion on recovery of
regional myocardial function
after coronary angioplasty in
acute myocardia infarction.

Circulation 1994;89:1109-
1117
Akasaka T, Yoshida K,

Kawamoto T, et a. Relation
of phasic coronary flow
velocity characteristics with

21)

22)

23)

24)

25)

TIMI perfusion grade and
myocardial recovery after
primary percutaneous
transluminal coronary
angioplasty and rescue
stenting. Circulation
2000;101(20):2332-4

Wijns W, Vatner SF, Camici
PG. Hybernating
myocardium. N Engl J Med
1998;339(3):173-81

Kaul S. There may be more
to myocardia viability than
meets the eye. Circulation
1995;92(10):2790-3

Shen Y-T, Vaner SF.
Mechanism of  impaired
myocardial function during
progressive coronary
stenosis in conscious pigs:
hibernation versus stunning.
Circ Res 1995;76:479-483
Gerber BL, Vanoverschelde
JLJ, Bol A, et a. Myocardid
Blood Flow, Glucose
Uptake, and Recruitment of
Inotropic Reserve in Chronic

Left Ventricular Ischemic
Dysfunction. Circulation
1996;94:651-659

Lee KS, Marwick TH, Cook
SA, et a. Prognosis of
patients with left ventricular
dysfunction,  with  and
without viable myocardium
after myocardial infarction:
relative efficacy of medica

therapy and
revascularization.
Circulation 1994;90:2687-
26%4

26) Sklenar  J, Camarano G,
Goodman NC, & 4.
Contractile Versus
Microvascular Reserve for
the Determination of the
Extent of Myocardial
Salvage After Reperfusion.
Circulation 1996;94:1430-
144

Emodinamica 2002,N° 28






