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Framingham Study on 4257 participants and an assessment of their
risk of progression from asymptomatic LVSD to clinical HF
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(Circulation. 2006;113:2851-2860.)



Aethiology of heart failure
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Mechanisms of post-ischemic LV dysfunction

Coronary atherosclerosis/
Vulnerable plaque
Thrombosis/

myocardial infarction \

Loss of contraction

|

Ventricular dilatation
and remodelling




LV dysfunction in patients with CAD Is not

always an irreversible process, as LV function
may improve substantially after CABG

Gorlin’s ““epinephrine ventriculogram™

EPINEPHRINE

Studies by Gorlin et al. using a i R
cathecholamine stress, showed that
the asynergic LV could improve its
function with inotropic stimulation.

This was the forerunner of DSE.
(Circulation 1974;49:1063-71)




Hibernating myocardium

In 1978 Diamond et al. suggested that:

“...ischemic non infarcted myocardium can
exist in a state of function hibernation”

Am Heart J 1978;95: 204-9



Hibernating myocardium

“...there Is a prolonged subacute or
chronic stage of myocardial ischemia that
IS frequently not accompanied by pain and
In which myocardial contractility and
metabolism and ventricular function are
reduced to match the reduced blood

supply”

Rahimtoola SH. Circulation 1985; 72:V123-35.
Rahimtoola SH. Am Heart J 1989; 117:211-21.



Hibernating myocardium

More recently, a number of studies in which regional
myocardial blood flow was quantified non-invasively by
PET have demonstrated that:

— In most patients transmural blood flow to hibernating
segments is within the range of values seen in healthy

volunteers

— a reduction of about 20% can be found in some cases

Camici et al. Circulation 1997; 96: 3205-3214
Wijns, Vatner & Camici N Engl J Med 1998; 339:173-181



MBF and CFR In hibernating myocardium
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Myocardial stunning

Transient acute ischemia
Is associated and followed
by a prolonged, but _
reversible, contractile - —=- 5 minute
dysfunction (stunning) —— 15 minute

| e I e

53060 120 180 240 360 24hr
Time after reperfusion (minutes)

Heyndrickx et al. J Clin Invest 1975



Myocardial stunning in patients with CAD (PET + echo)

TR H215O H215O PET
Dobutamine
N S @3 00
Baseline 30 45 60 120

Echo data acquisition: time in minutes

Barnes et al. J Am Coll Cardiol 2002; 39:420-427



120- | Remote  Stunning In pts with CAD

—— Stunned

Regional LV Function
(Echocardiography)
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“Repetitive” stunning and hibernation
Echo PET
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Barnes et al. Am J Physiol 2002;282: H1603-H1608



Stenosis severity vs. flow reserve

Blood Volume

Coronary Vasodilator Reserve

Lateral
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Severe stenoses which limit flow
reserve can lead to demand ischemia
e for increases in cardiac work
as those associated with daily life

Uren et al. New Engl J Med 1994; 330: 1782-1788



The “repetitive” stunning hypothesis

Patients with CAD have repeated episodes of
Ischemia, often silent, followed by stunning that is
cumulative

This could lead to hibernating myocardium

Revascularisation by restoring flow-reserve would
reduce ischemia and stunning

Camici et al. Circulation 1997;96:3205-3214
Wijns, Vatner & Camici N Engl J Med 1998;339:173-181



1 Coronary atherosclerosis/
Flow limiting stenosis

2 Repetitive ischemia Recovery of contractility
and stunning and wall thickening with

reverse remodelling

Chronic stunning/hibernation |3

|

Evidence of
viability |4
by PET
Complete
revascularization
by CABG
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LV dysfunction in patients with CAD Is not
always an irreversible process, as LV function
may improve substantially after CABG

« Assessment of myocardial viablility is often
used to predict improvement in LV function
after CABG and thus select patients for CABG




The prototype patient with chronic LV
dysfunction and hibernating myocardium

72 year old lady

Arterial hypertension

Three vessel CAD

No history of previous AMI
Severe global LV dysfunction
LVEF 25%

Moderate mitral regurgitation

According to conventionally accepted echo criteria L\V-WT
<5-6 mm is considered typical of non viable tissue



The prototype patient with chronic LV
dysfunction and hibernating myocardium
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PET-FDG durlng euglycemlc

hyperinsulinemic clamp shows
LV EF 38 % 0
’ Preserved viability in entire LV LV EF 25%




Viable vs. non-viable myocardium o@m
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Courtesy of Prof S. Neubau



Factors determining the accuracy
of hibernation assessment

— Severity of LV impairment

— Tissue ultrastructure

— Time of LV assessment after revascularisation
— Co-morbidities

These issues have a major impact according to the
mechanism of action of the technique employed and are
generally not taken into account in meta-analysis



The response to dobutamine, but NOT that of FDG depends
on the volume of irreversibly damaged myocardium

Metabolic rate of glucose Response to dobutamine
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Heart 1999; 82 684-688



LV dysfunction in patients with CAD Is not
always an irreversible process, as LV function
may improve substantially after CABG

« Assessment of myocardial viablility is often
used to predict improvement in LV function
after CABG and thus select patients for CABG

 Numerous studies have suggested that
Identification of viable myocardium also
predicts improved survival after CABG




Myocardial Viability and Improved Survival

- Revascularization

- Medical
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Myocardial Viability and Improved Survival

- Revascularization
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Myocardial Viability and Improved Survival

- Revascularization

- Medical
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Myocardial Viability and Improved Survival

- Revascularization

- Medical
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Myocardial Viability and Improved Survival

- Revascularization

- Medical

28 studies
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Myocardial Viability and Improved Survival

- Revascularization

- Medical

13 studies
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from Camici et al, Circulation 2008:117:103-114



Limitations of Cohort Studies

* Retrospective

* Decision for CABG may have been
Influenced by viability status

 No (or inadequate) adjustment for key
baseline variables (age, comorbidities)

e Cohort studies carried out before modern
aggressive medical therapy
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* Retrospective

* Decision for CABG may have been
Influenced by viability status
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baseline variables (age, comorbidities)

e Cohort studies carried out before modern
aggressive medical therapy




Medical therapy also improves LV function
In patients with hibernating myocardium ...
especially beta-blocker therapy

e Cleland et al. Lancet 2003:362:14-21
* Bello et al. Circulation 2003:108:1945-1953
« Seghatol et al. Am J Cardiol 2004;93:854-859




ESC Guidelines for the diagnosis and treatment
of acute and chronic heart failure 2008+

Revascularization in patients with heart
failure

Key evidence

Therk are no data from multicentre trials assessing the value of
revascularization procedures for the relief of HF symptoms.
However, single-centre, observational studies on HF of ischaemic
origin suggest that revascularization may lead to symptomatic

improvement and potentially improve cardiac function. Clinical

trials are ongoing that address the effect of intervention on clinical

EIIJtEEII'I'rES.114
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Figure 1. Kaplan—Meier Curves for the Probability of Death from Any Cause.
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Figure 2. Kaplan—Meier Curves for the Probability of Death from Cardiovas-
cular Causes and of Death from Any Cause or Hospitalization for Cardiovas-
cular Causes.

CABG denotes coronary-artery bypass grafting.
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Limits of STICH viability

e The authors note: “Conclusions that can be draw from our results are limited
by a number of factors”

— First, viability data were not available for all the patients .... The study
patients represent slightly less than 50% of the randomized group.
Furthermore, viability testing was not performed on a randomly selected
subgroup;

— Second, only 114 of 601 patients (19%) were deemed not to have viable
myocardium. This small number limited the power of our analysis to
detect a differential effect of CABG......

— Third, we cannot exclude the possibility that results of viability testing
could have influenced subsequent clinical decision making.

— Fourth, our analysis was based on SPECT and dobutamine
echocardiography. We did not incorporate other approaches, such as
positron-emission tomography (PET) or contrast-enhanced magnetic
resonance imaqging (MRI).

Bonow et al.N Engl J Med 2011



Myocardial Viability in Ischemic Left Ventricular Dysfunction

To THE EpiToRr: Bonow et al. (April 28 issue)?
found that the presence of a substantial amount
of viable myocardium was associated with a great-
er survival benefit in a substudy of 601 patients
with ischemic left ventricular dysfunction who
were enrolled in the Surgical Treatment for Is-
chemic Heart Failure trial (STICH: ClinicalTrials
.gov number, NCT00023595) (unadjusted P=
0.003).2 They also reported the counterintuitive
finding that the presence of viable myocardium
did not identify patients with a differential sur-
vival benefit after surgical revascularization, as
compared with medical therapy alone (Fig. 2E of
the article). Although total left ventricular viabil-
ity as used by Bonow et al. is a good predictor of
outcome, it does not distinguish between normal
myocardium and dysfunctional but viable myo-
cardinm. On the other hand, the extent of dys-
functional but viable myocardium — more than
the total extent of viability (norma! plus dysfunc-
tional) — is the likely predictor of functional re-
covery underpinning the survival benefit after

revascularization.®™ Finally, if one is to expect an
incremental survival benefit from revasculariza-
tion in these patients, we believe that spatial co-
herence between the region of dysfunctional but
viable myocardium and the site of the coronary-

_artery lesion must be demonstraced

Enrico Ammirati, M.D.

San Raffaele Scientific Institute
Milan, Itaky

Ornella E. Rimaoldi, M.D.

Consiglio Mazionale delle Ricerche
Milan, Italy

Paolo G. Camici, M.D.
Wita-Salute San Raffaele University
Milan, Italy
camici.paclo@hsr.it
Ho potential conflict of interest relevant to this letter was re-
ported.
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To THE EpiTor: In the viability substudy of the
STICH trial, Bonow et al. conclude that viability
assessment does not identify patients with a sur
vival benefit from coronary-artery bypass graft
ing [CABG) versus medical therapy. Important
limitations of this study should be considered
before adopting a blanket policy of withholding
viability assessment in patients with coronary
artery disease and left ventricular dysfunction.
Despite the goal of uniform testing in this trial,
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REMEDYS

Revascularization versus
Medical Treatment for Ischemic Ventricular Dysfunction

TRIAL and REGISTRY



Aims of REMEDYS

To demonstrate that revascularization + optimal medical
treatment (OMT) (zICD/CRT) can improve outcome compared to
OMT alone (zICD/CRT) in patients with:

CAD and systolic LV dysfunction with evidence of significant
myocardial viability in dysfunctional territories subtended by
diseased coronaries

Primary endpoint: composite (first) of death + non-fatal M| +
non fatal stroke +HF hospitalization at 3-year follow up



REMEDYS Trial and Registries

Selection criteria:
Chronic systolic LV dysfunction (EF<40% echo based) NYHA I-lll (exclusion of
typical angina CCS>lI)

Evidence of CAD and coherence between site of LV dysfunction and site of coronary
stenosis/occlusion which must be suitable for revascularization

|

ASSESSMENT OF MYOCARDIAL

/ VIABILITY\

NO Viability VIABILITY + CAD (CMRor PET)
TRIAL > Pts who do not accept
randomization
REGISTRY 1
v Optimal Medical Therapy PClor CABG +

Optimal Medical Therapy
REGISTRY 2

3-year Follow up

OUTCOME

. Death

o Nonfatal Ml

. Hospitalization due to HF
. Non fatal stroke



VALUTAZIONE STATISTICA

I[potesi considerate per la stima della dimensione del campione:

- N° eventi/anno: 10, 12, 15%

— Potenza: 80, 90%

- Riduzione relativa degli eventi: 15, 20, 25%
- Drop infout 20%

Pazienti da arruolare:

525 per_braccio, randomizzazione 1:1 (totale 1050)

N° Centri: 20-30

Pts da arruolare: 1 al mese/Centro, 2 anni per arruolarli, 3 anni di f.u.
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Image quality with FDG-PET depends on co-morbidities such
as diabetes: importance of acquisition protocol

Tradit_ional (UCLA)_ Measurement of FDG uptake
flow/metabolism match-mismatch during glucose clamp (Hammersmith)
following oral glucose load

"I NH, MBF 18FDG GLUCOSE
- 18F-2-fluoro-2-deoxy-D-glucose
, . anterior infarct (viable)
Plane 1 0.45 | /g/min

Anterior

Plane 2

o
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- 3.3

Circulation 1996; 93: 737-744

Plane 6
J Clin Invest 1996; 98: 2094-2099



Validation of PET-infarct size in pigs and
patients undergoing transplant

Patient # 6143 K.B.

Rimoldi et al. Eur J Nucl Med 2002; 29: 203-215



PET viability

e Pros
» Highest sensitivity (NPV) for detection of hibernation
|t can be done in pts with implanted devices
No need of flow scan if clamp used (no cyclotron on site)
Technique of choice for pts with lowest EF
Concomitant infarct size
Inter-patients and inter-centres data comparability

e Cons

» Limited information on endocardium vs epicardium
compared to CMR

« Extra time for clamp
e Costs



How myocardial viability affects survival

Patients (n=35) with E.F. £25%
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Figure 1 Kaplan-Meier curves showing estimated cardiac event free survival for patients Figure 2 Kaplan-Meier curves showing estimated cardiac event free survival for patients
in group 1 (= 8 viable segments) and group 2 (< 8 viable segments). with = 6 viable segments and patients wwith < 6 viablz segments.

Pagano et a. Heart 2000; 83: 456-461



Case

48 y. 0. male with new onset heart failure
Angiogram showed LMS stenosis and proximal LAD/LCx disease.

CMR Report:

—  Dilated LV with severe impairment of systolic function. LVEF 28%.
—  Subendocardial anteroseptal infarction.
—  “All 17 segments are viable, and of these 11 segments are hibernating.

Following revascularization, a significant improvement in ventricular

function would be expected. “

—  Follow-up CMR scan 12 months post-CABG.:

e  “Significantly improved LV function and dimensions with reverse
remodelling compared to pre-op scan.” LVEF 47%.
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Figure 1. Kaplan—Meier Curves for the Probability of Death from Any Cause.
CABG denotes coronary-artery bypass grafting.

Figure 2. Kaplan—Meier Curves for the Probability of Death from Cardiovas-
cular Causes and of Death from Any Cause or Hospitalization for Cardiovas-
cular Causes.

CABG denotes coronary-artery bypass grafting.
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Myocardial Viability and Survival in Ischemic
Left Ventricular Dysfunction
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Limits of STICH viability

e The authors note: “Conclusions that can be draw from our results are limited
by a number of factors”

— First, viability data were not available for all the patients .... The study
patients represent slightly less than 50% of the randomized group.
Furthermore, viability testing was not performed on a randomly selected
subgroup;

— Second, only 114 of 601 patients (19%) were deemed not to have viable
myocardium. This small number limited the power of our analysis to
detect a differential effect of CABG......

— Third, we cannot exclude the possibility that results of viability testing
could have influenced subsequent clinical decision making.

— Fourth, our analysis was based on SPECT and dobutamine
echocardiography. We did not incorporate other approaches, such as
positron-emission tomography (PET) or contrast-enhanced magnetic
resonance imaqging (MRI).

Bonow et al.N Engl J Med 2011



Our commentsto STICH viability

Bonow et al.,1 have shown that the presence of a significant amount of viable
myocardium was associated with greater survival benefit in 601 patients with ischemic
left ventricular dysfunction enrolled in the STICH trial (unadjusted p=0.003).2 The
counterintuitive finding 1s that the presence of viable myocardium did not identify
patients with a differential survival benefit from surgical revascularization as compared
with medical therapy alone (Figure 2B in the article).

Although total left ventricular viability as used by Bonow et al. is a good predictor of
outcome, I it does not distinguish between normal and dysfunctional myocardium. On the
other hand, the extent of dysfunctional but viable myocardium, more than the total extent
of viability (normal + dysfunctional), 1s the likely predictor of functional recovery
underpinning survival benefit following revascularization.3-5 In addition, we propose
that the demonstration of “regional coherence™ between viable but dysfunctional
myocardium and coronary disease (stenosis/occlusion) is required to expect incremental
survival from revascularization in these patients.

Ammirati, Rimoldi, Camici NEJM 2011




REMEDYS

Revascularization versus
Medical Treatment for Ischemic Ventricular Dysfunction

TRIAL and REGISTRY



Aims of REMEDYS

To demonstrate that revascularization + optimal medical
treatment (OMT) (zICD/CRT) can improve outcome compared to
OMT alone (zICD/CRT) in patients with:

CAD and systolic LV dysfunction with evidence of significant
myocardial viability in dysfunctional territories subtended by
diseased coronaries

Primary endpoint: composite (first) of death + non-fatal M| +
non fatal stroke +HF hospitalization at 3-year follow up



REMEDYS Trial and Registries

Selection criteria:
Chronic systolic LV dysfunction (EF<40% echo based) NYHA I-lll (exclusion of
typical angina CCS>lI)

Evidence of CAD and coherence between site of LV dysfunction and site of coronary
stenosis/occlusion which must be suitable for revascularization

|

ASSESSMENT OF MYOCARDIAL

/ VIABILITY\

NO Viability VIABILITY + CAD (CMRor PET)
TRIAL > Pts who do not accept
randomization
REGISTRY 1
v Optimal Medical Therapy PClor CABG +

Optimal Medical Therapy
REGISTRY 2

3-year Follow up

OUTCOME

. Death

o Nonfatal Ml

. Hospitalization due to HF
. Non fatal stroke



VALUTAZIONE STATISTICA

I[potesi considerate per la stima della dimensione del campione:

- N° eventi/anno: 10, 12, 15%

— Potenza: 80, 90%

- Riduzione relativa degli eventi: 15, 20, 25%
- Drop infout 20%

Pazienti da arruolare:

525 per_braccio, randomizzazione 1:1 (totale 1050)

N° Centri: 20-30

Pts da arruolare: 1 al mese/Centro, 2 anni per arruolarli, 3 anni di f.u.



Pathophysiology of Systolic Heart Failure

Ventricular —
remodeling

cha

Heart-failure syndrome

McMurray J. N Engl J Med 2010;362:228-238
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