
Reopen the vessel,
it is heart failure!

Jacopo Oreglia
Milano



Clinical case # 1

• 55 y-o man
• Normal rest ECG
• hypokinesia of anterior wall, apex and anterior

IV septum, EF 30%
• Elective coronary angiogram shows critical

stenosis of the proximal LAD
• Revascularization or medical treatment?



Clinical case # 1

1 guiding catheter
1 guidewire
2 balloons
1 stent
Procedural time 20 minutes

95% prox LAD stenosis



Clinical case # 2

• 55 y-o man
• Normal rest ECG
• hypokinesia of anterior wall, apex and anterior

IV septum, EF 30%
• Elective coronary angiogram shows critical

stenosis of the proximal LAD
• Revascularization or medical treatment?



Clinical case # 2

Proximal LAD CTO



?





The twins paradox

PCI, for sure! Is there ischemia?
How are the symptoms?
Maybe medical treatment?
Or CABG?
PCI, yes, but complex….



1 guiding catheter
1 workhorse guidewire
2 balloons
1 stent
Procedural time 20 minutes

2 guiding catheter
4 dedicated guidewires
2 microcatheters
4 balloons
1 stent
Procedural time 130 minutes

No difference

Difference



Reasons to reopen a chronically
occluded coronary artery

• Symptoms relief
• Systolic function improvement
• Possible prognostic impact

The indications for the case do not change
just because the lesion is “harder to treat” 
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MESSAGE # 1

• Marker of disease
severity?

• Cause of bad prognosis?

Heart Failure patients with a CTO have worse
prognosis than heart failure patients without CTO
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Benefits of chronic total coronary occlusion
percutaneous intervention in patients with
heart failure and reduced ejection fraction:
insights from a cardiovascular magnetic
resonance study
Montserrat Cardona1*, Victoria Martín1, Susanna Prat-Gonzalez1, José Tomás Ortiz1, Rosario Jesús Perea2,
Teresa Maria de Caralt2, Mónica Masotti1, Félix Pérez-Villa1 and Manel Sabaté1

Abstract

Background: Chronic total occlusion percutaneous coronary intervention (CTO-PCI) can improve angina and left
ventricular ejection fraction (LVEF). These benefits were not assessed in populations with heart failure with reduced
ejection fraction (HFrEF). We studied the effect of CTO-PCI on left ventricular function and clinical parameters in
patients with HFrEF.

Methods: Using cardiovascular magnetic resonance (CMR), we studied 29 patients with HFrEF and evidence of
viability and/or ischemia in the territory supplied by a CTO who were successfully treated with CTO-PCI. In patients
with multi-vessel disease, non-CTO PCI was also performed. Imaging parameters, clinical status, and brain natriuretic
peptide (BNP) levels were evaluated before and 6 months after CTO-PCI.

Results: A decrease in left ventricular end-systolic volume (160 ± 54 ml vs. 143 ± 58 ml; p = 0.029) and an increase
in LVEF (31.3 ± 7.4 % vs. 37.7 ± 8 %; p< 0.001) were observed. There were no differences in LVEF improvement between
patients who underwent non-CTO PCI (n = 11) and those without this intervention (n = 18); (p= 0.73). The number of
segments showing perfusion defects was significantly reduced (0.5 ± 1 vs. 0.2 ± 0.5; p= 0.043). Angina (p= 0.002) and
NYHA functional class (p = 0.004) improved, and BNP levels decreased (p = 0.004) after CTO-PCI.

Conclusions: In this group of patients with HFrEF showing CMR evidence of viability and/or ischemia within the
territory supplied by the CTO, an improvement in ejection fraction, left ventricular end-systolic volume and ischemia
burden was observed after CTO-PCI. Clinical and laboratory parameters also improved.

Trial registration: ClinicalTrials.gov NCT02570087. Registered 6 October 2015.

Keywords: Angioplasty, Cardiovascular magnetic resonance, Chronic total coronary occlusion, Heart failure with
reduced ejection fraction, Myocardial viability
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Background
A chronic total occlusion (CTO) is defined as a coronary
obstruction with thrombolysis in myocardial infarction
(TIMI) grade 0 flow that persists for at least 3 months [1].
This type of lesions can be found in up to 50 % of patients
with significant coronary disease on angiography [2]. CTO
percutaneous coronary intervention (PCI) is performed
infrequently likely due to technical complexity, the poten-
tial for major periprocedural complications, the relatively
low procedural success rates and controversial data re-
garding the clinical benefit [3, 4]. According to consensus
documents CTO-PCI should be considered in the pres-
ence of symptoms (or objective evidence of a large region
of ischemia/viability) when the myocardium supplied by
the CTO is viable, the likelihood of success is >60 % and
the anticipated major complication rate is low [5, 6].
Potential CTO-PCI benefits are ischemia reduction, an-
gina relief, and improved left ventricular ejection function
(LVEF) and long-term survival [7–18]. However, these
data come from studies enrolling patients with preserved
LVEF, where clinical benefits of myocardial revasculariza-
tion are potentially lower. Thus, the present study aimed
to assess whether CTO-PCI in patients with chronic heart
failure and reduced ejection fraction (HFrEF) is associated
with an improvement in LVEF, angina status, New York
Heart Association (NYHA) functional class for dyspnea
(NYHA I-IV) and brain natriuretic peptide (BNP) levels.

Methods
Study population
We prospectively collected data from consecutive pa-
tients referred to our institution for invasive coronary
angiography from January 2011 to June 2013, selecting
those with at least one CTO and LVEF ≤40 % measured
by echocardiography, gated-SPECT or contrast ventricu-
lography (n = 256). A CTO was defined as an occlusion
of at least 3 months of duration based on a previous
angiogram showing the occluded vessel or clinical data
on previous coronary ischemic events potentially related
to a coronary occlusion. Patients who did not meet any
of the exclusion criteria, detailed below, underwent car-
diovascular magnetic resonance (CMR) study (Fig. 1).
CTO recanalization was attempted in those with LVEF
≤40 % confirmed by CMR and with evidence of myocar-
dial viability and/or ischemia in at least two contiguous
segments subtended by the CTO (n = 39). The main rea-
sons for exclusion were a lack of ischemia and myocar-
dial viability in at least two contiguous CTO dependent
myocardial segments by CMR (n = 25; 12 %), the pres-
ence of a pacemaker or an implantable cardioverter de-
fibrillator (n = 25; 12 %) and surgical or percutaneous
revascularization during the candidacy evaluation with
no chance to perform basal assessments (n = 25; 12 %).

The final study population included the 32 patients with
successful CTO-PCI (82 % success rate).

Exclusion criteria
Clinical criteria for exclusion were women of childbear-
ing age or pregnant, patients younger than 18 or older
than 80 years, contraindications for CMR (pacemakers,
implantable cardioverter defibrillators, claustrophobia
and cochlea implants), or hospital admission within the
previous 90 days due to decompensated heart failure,
myocardial infarction or unstable angina. Additional cri-
teria were iodine contrast or gadolinium allergy, aspirin
or clopidogrel allergy, asthma, NYHA IV, chronic kidney
disease with serum creatinine levels ≥2.5 mg/dl or
glomerular filtration rate ≤30 ml/min/1.73 m2, severe
valvulopathy, indication for coronary artery bypass sur-
gery, heart transplantation waiting list, high comorbid-
ity, liver cirrhosis, evidence of active bleeding or high
risk of bleeding, follow-up not feasible, noncompliance
with medical treatment or life expectancy shorter than
12 months.
Technical criteria for exclusion were CTO distal ves-

sel not visible through collateral circulation, CTO distal
vessel diameter <2 mm or absence of acceptable vascu-
lar access.

Fig. 1 Flow chart of patient inclusion. Abbreviations: CABG, coronary
artery bypass graft; CMR, cardiovascular magnetic resonance; CTO,
chronic total occlusion; ICD, implantable cardioverter defibrillator;
LVEF, left ventricular ejection fraction; PCI, percutaneous
coronary intervention
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classic cardiovascular risk factors in this cohort are
consistent with previous published data [22, 23]. Im-
provement in angina status after CTO-PCI has also
been shown in previous studies in patients with pre-
served LVEF [7, 8, 12, 16, 18].

CMR is a powerful tool over other modalities to assess
viability in patients with reduced LVEF being considered
for CTO-PCI and to determine improvement in LVEF
after successful CTO-PCI in this population. The CMR
findings in our study partially correlate with those re-
ported by Baks et al. and Kirschbaum et al. [9, 10] Both
of these previous studies, with sample sizes similar to
our cohort, showed a reduction in LVESV and LVEDV
with no significant improvement in LVEF after success-
ful CTO-PCI. It should be noted, however, that inclusion
criteria in both studies differed from our cohort: the via-
bility of CTO-dependent myocardial segments assessed
by CMR was not a criterion, and all patients had pre-
served LVEF. All cases in our cohort had LVEF ≤40 %
and showed evidence of viability by CMR in myocardial
segments subtended by a CTO. In 17 patients with
well-preserved LVEF, Cheng et al. [11] also reported
improvement in wall thickening of myocardial seg-
ments subtended by a successfully recanalized CTO
and no changes in LVEF and LV volumes by CMR. All
three mentioned studies [9–11] showed that the im-
provement in regional wall thickening after a successful
CTO-PCI was indirectly related to the transmurality of
LGE in a myocardial segment. More recently and in
consonance with our findings, Bucciarelli-Ducci et al.
[12] reported a significant improvement in LVESV and
LVEF after successful CTO-PCI in a group of 32 pa-
tients with preserved LVEF showing CMR evidence of
myocardial viability and ischemia. Other than older
studies assessing LVEF with contrast ventriculography
[13, 14], Valenti et al. published the only large study to

Fig. 3 Graph showing a significant reduction in brain natriuretic peptide (BNP) levels after successful CTO-PCI (n = 31)

Fig. 4 Graph showing changes in New York Heart Association
(NYHA) functional class for dyspnea after successful CTO-PCI (n = 32)

Cardona et al. Journal of Cardiovascular Magnetic Resonance  (2016) 18:78 Page 7 of 9

classic cardiovascular risk factors in this cohort are
consistent with previous published data [22, 23]. Im-
provement in angina status after CTO-PCI has also
been shown in previous studies in patients with pre-
served LVEF [7, 8, 12, 16, 18].

CMR is a powerful tool over other modalities to assess
viability in patients with reduced LVEF being considered
for CTO-PCI and to determine improvement in LVEF
after successful CTO-PCI in this population. The CMR
findings in our study partially correlate with those re-
ported by Baks et al. and Kirschbaum et al. [9, 10] Both
of these previous studies, with sample sizes similar to
our cohort, showed a reduction in LVESV and LVEDV
with no significant improvement in LVEF after success-
ful CTO-PCI. It should be noted, however, that inclusion
criteria in both studies differed from our cohort: the via-
bility of CTO-dependent myocardial segments assessed
by CMR was not a criterion, and all patients had pre-
served LVEF. All cases in our cohort had LVEF ≤40 %
and showed evidence of viability by CMR in myocardial
segments subtended by a CTO. In 17 patients with
well-preserved LVEF, Cheng et al. [11] also reported
improvement in wall thickening of myocardial seg-
ments subtended by a successfully recanalized CTO
and no changes in LVEF and LV volumes by CMR. All
three mentioned studies [9–11] showed that the im-
provement in regional wall thickening after a successful
CTO-PCI was indirectly related to the transmurality of
LGE in a myocardial segment. More recently and in
consonance with our findings, Bucciarelli-Ducci et al.
[12] reported a significant improvement in LVESV and
LVEF after successful CTO-PCI in a group of 32 pa-
tients with preserved LVEF showing CMR evidence of
myocardial viability and ischemia. Other than older
studies assessing LVEF with contrast ventriculography
[13, 14], Valenti et al. published the only large study to

Fig. 3 Graph showing a significant reduction in brain natriuretic peptide (BNP) levels after successful CTO-PCI (n = 31)

Fig. 4 Graph showing changes in New York Heart Association
(NYHA) functional class for dyspnea after successful CTO-PCI (n = 32)

Cardona et al. Journal of Cardiovascular Magnetic Resonance  (2016) 18:78 Page 7 of 9

Journal of Cardiovascular Magnetic Resonance 2016; 18:78 

BNP reduction Symptoms improvement



MESSAGE # 2

• Marker of disease
severity? • Cause of bad prognosis?

Heart Failure patients with a CTO improve their clinical
condition (lower BNP, less symptoms) if they have their

CTO reopened



Percutaneous Coronary Intervention of
Chronic Total Occlusions in Patients With
Low Left Ventricular Ejection Fraction
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Oliver Gaemperli, MD,b Michael Behnes, MD,e Ibrahim Akin, MD,e Thomas F. Lüscher, MD,b Franz J. Neumann, MD,d

Kambis Mashayekhi, MDd

ABSTRACT

OBJECTIVES The study sought to assess the outcome of percutaneous coronary intervention (PCI) of chronic total

occlusions (CTOs) in patients with low left ventricular ejection fraction (LVEF) (#35%).

BACKGROUND Data regarding the outcome of PCI in patients with low LVEF affected by CTO are scarcely reported.

METHODS The authors performed a prospective longitudinal multicenter study including consecutive patients

undergoing elective PCI of CTOs. Patients were subdivided into 3 groups: group 1 (LVEF $50%), group 2 (LVEF 35%

to 50%), and group 3 (LVEF #35%).

RESULTS A total of 839 patients (mean 64.6 ! 10.5 years of age, 87.7% men) underwent CTO PCI attempts. Baseline

LVEF #35% was present in 72 (8.6%) patients. The angiographic success was high (overall 93.6%) and similar among

the 3 groups (93.5% vs. 94.4% vs. 91.7%, respectively; all p ¼ NS). In group 3, no periprocedural complications of

CTO PCI were observed. Mean clinical follow-up of 16.3 ! 8.2 months duration was available in 781 (93.1%) patients

including those with LVEF #35%. At 2 years, major cardiac and cerebrovascular events (MACCE) free survival was similar

in the 3 groups (86% vs. 82.8% vs. 75.2%; all p ¼ NS). In patients with LVEF #35%, LVEF improved significantly in the

presence of a successful CTO PCI from 29.1 ! 3.4% to 41.6 ! 7.9% (p < 0.001).

CONCLUSIONS In CTO patients with low LVEF, PCI could represent a safe and effective revascularization
strategy achieving good midterm outcome and LVEF improvement. (J Am Coll Cardiol Intv 2017;10:2158–70)

© 2017 by the American College of Cardiology Foundation.

C oronary chronic total occlusion (CTO) repre-
sents a frequent lesion subset observed in
about 15% of patients undergoing coronary

angiography (1–3), with a higher prevalence in those
with previous coronary artery bypass grafting
(CABG) (1,4). The presence of a CTO confers a nega-
tive impact on long-term outcome in different clinical
situations. Indeed, in patients experiencing an acute
coronary syndrome, a coexisting CTO is associated
with increased early and late mortality (5,6). Simi-
larly, in the setting of stable multivessel coronary

artery disease, CTO was the strongest independent
predictor of incomplete percutaneous revasculariza-
tion, and associated with adverse clinical outcomes
(7–9).

On the other hand, left ventricular ejection fraction
(LVEF) represents one of the strongest predictors of
cardiovascular events in patients with coronary ar-
tery disease (10). Very recently, it has been shown
that in patients with ischemic heart failure
(LVEF #35%), the presence of CTO was related to
worse long-term outcome (11). Although PCI might
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CHRONIC TOTAL OCCLUSION
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on left ventricular systolic function and reverse
remodeling

Michael Megaly MD, MS1,2 | Marwan Saad MD, PhD3 | Peter Tajti MD1 |

M. Nicholas Burke MD1 | Ivan Chavez MD1 | Mario Gössl MD, PhD1 |

Daniel Lips MD1 | Michael Mooney MD1 | Anil Poulose MD1 |

Paul Sorajja MD1 | Jay Traverse MD1 | Yale Wang MD1 | Louis P. Kohl MD2 |

Steven M. Bradley MD, MPH1 | Emmanouil S. Brilakis MD, PhD1

1Minneapolis Heart Institute, Abbott
Northwestern Hospital, Minneapolis,
Minnesota

2Division of Cardiology, Department of
Medicine, Hennepin County Medical Center,
Minneapolis, Minnesota

3Department of Cardiovascular Medicine,
University of Arkansas, Little Rock, Arkansas

Correspondence
Emmanouil S. Brilakis, MD, PhD, Minneapolis
Heart Institute and Minneapolis Heart
Institute Foundation, Abbott Northwestern
Hospital, 920 E 28th Street #300,
Minneapolis, MN 55407.
Email: esbrilakis@gmail.com

Background: We sought to examine the impact of coronary chronic total occlusion

(CTO) percutaneous coronary intervention (PCI) on left ventricular (LV) function.

Methods: We performed a systematic review and meta-analysis of studies published

between January 1980 and November 2017 on the impact of successful CTO PCI on

LV function.

Results: A total of 34 observational studies including 2735 patients were included in

themeta-analysis. Over aweightedmean follow-up of 7.9months, successful CTOPCI

was associated with an increase in LV ejection fraction by 3.8% (95%CI 3.0-4.7,

P < 0.0001, I2 = 45%). In secondary analysis of 15 studies (1248 patients) that defined

CTOs as occlusions of at least 3-month duration and reported follow-up of at least

3-months after the procedure, successful CTO PCI was associated with improvement

in LV ejection fraction by 4.3% (95%CI [3.1, 5.6], P < 0.0001). In the 10 studies (502

patients) that reported LV end-systolic volume, successful CTO PCI was associated

with a decrease in LV end-systolic volume by 4mL, (95%CI −6.0 to −2.1, P < 0.0001,

I2 = 0%). LV end-diastolic volume was reported in 9 studies with 403 patients and did

not significantly change after successful CTO PCI (−2.3 mL, 95%CI −5.7 to 1.2 mL,

P = 0.19, I2 = 0%).

Conclusions: Successful CTO PCI is associated with a statistically significant

improvement in LV ejection fraction and decrease in LV end-systolic volume, that

may reflect a beneficial effect of CTO recanalization on LV remodeling. The clinical

implications of these findings warrant further investigation.

K E YWORD S

chronic total occlusion, ejection fraction, left ventricular function, left ventricular reverse
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model and performed multiple sensitivity and subgroup analyses that

provided consistent results. Second, it is possible that the improve-

ment of LVEF after successful CTO PCI may result from appropriate

medical therapy, yet in our analysis, failed CTO PCI was not associated

with significant improvement in LVEF. However, the number of studies

documenting LVEF before and after the failed procedure was limited

(only 4 studies including 70 patients) in comparison with studies

describing successful procedures (34 studies, 2735 patients). Third,

there is a possibility that inter-observer variability in evaluating LVEF

before and after revascularization could have affected our results.

Finally, we did not evaluate clinical outcomes after successful CTOPCI.

In patients with ischemic cardiomyopathy, Cioffi et al15 demonstrated

that reverse cardiac remodeling was associated with lower mortality

(3%) compared with no reversal (22%).49 Moreover, In the V-HeFT I

and II studies, A 5% increase in ejection fraction was the best predictor

of mortality.50 However, the clinical implications of the 3.8% increase

in LVEF and 4mL decrease in LVESV remain unclear.

5 | CONCLUSIONS

Successful CTO PCI is associated with a statistically significant

improvement in LV ejection fraction and decrease in LV end systolic

volume, suggesting a beneficial effect of CTO recanalization on LV

systolic function and remodeling. More pronounced improvement in

LV ejection fraction is achieved in patients with lower baseline LVEF.

An extended follow up period might be required to detect further

improvement in systolic function after successful CTO recanaliza-

tion. The clinical implications of these findings warrant further

investigation.
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MESSAGE # 3

• Marker of disease
severity?

• Cause of bad prognosis?

Heart Failure patients with a CTO improve their regional
kinesis and the global EF if they have their CTO 

reopened



Am J Cardiol 2017;120:1780–1786 

Comparison of Benefit of Successful Percutaneous
Coronary Intervention for Chronic Total Occlusion in
Patients With Versus Without Reduced (≤40%) Left

Ventricular Ejection Fraction

Aurel Toma, MDa,*, Barbara E. Stähli, MD, MBAb, Michael Gick, MDa, Catherine Gebhard, MD, PhDa,
Beat A. Kaufmann, MDa, Kambis Mashayekhi, MDa, Miroslaw Ferenc, MDa,

Heinz Joachim Buettner, MDa, and Franz-Josef Neumann, MDa

Successful recanalization of chronic total occlusions (CTO) has been associated with im-
proved survival. Data on outcomes in patients with left ventricular (LV) systolic dysfunction
undergoing percutaneous coronary intervention for CTO, however, are scarce. Between
January 2005 and December 2013, a total of 2,002 consecutive patients undergoing elec-
tive CTO percutaneous coronary intervention at a tertiary care center were divided into
patients with (LV ejection fraction ≤ 40%) and without (LV ejection fraction > 40%) LV
systolic dysfunction as defined by transthoracic echocardiography. The primary end point
was all-cause mortality. Median follow-up was 2.6 (1.1 to 3.1) years. A total of 348 (17.4%)
patients had LV dysfunction. All-cause mortality was higher in patients with LV dysfunc-
tion (30.2%) than in those with normal LV function (8.2%, p <0.001), and associations
remained significant after adjustment for baseline differences (adjusted hazard ratio [HR]
3.39, 95% confidence interval [CI] 2.57 to 4.47, p <0.001). Successful CTO recanalization
was independently associated with reduced all-cause mortality, with similar relative risk
reductions in both the preserved (6.6% vs 16.9%, adjusted HR 0.48, 95% CI 0.34 to 0.70,
p <0.001) and the reduced LV function groups (26.2% vs 45.2%, adjusted HR 0.63, 95%
CI 0.41 to 0.98, p = 0.04, interaction p = 0.28). In conclusion, irrespective of LV function,
successful CTO recanalization is associated with a clear survival benefit. © 2017 Elsevier
Inc. All rights reserved. (Am J Cardiol 2017;120:1780–1786)

Chronic total occlusions (CTO) represent a continuously
increasing lesion subset in contemporary angioplasty practice,1

and successful CTO recanalization has been associated with
a significant reduction in angina severity, need for subse-
quent coronary artery bypass grafting (CABG), and mortality
in various populations.2–6 Although impressive advance-
ments in coronary revascularization techniques have been
achieved in recent years, along with the implementation of
novel devices, percutaneous coronary intervention (PCI) for
CTO as compared with interventions for nonoccluded vessels
remains particularly challenging and associated with reduced
procedural success rates and increased procedural risks.7 The
impact of CTO PCI on outcomes in patients with left ven-
tricular (LV) systolic dysfunction has not been investigated
comprehensively yet, and direct comparisons between pa-
tients with impaired and preserved LV systolic function are

lacking. Further, the extent to which successful CTO recana-
lization translates into improved survival in this high-risk
patient subset is not known. This study was therefore de-
signed to evaluate the impact of LV dysfunction on the survival
benefits of successful CTO recanalization.

Methods

All patients undergoing PCI at the University Heart Center
Freiburg—Bad Krozingen are enrolled in a dedicated clini-
cal database as part of the quality management program of
the institution. A total of 2,002 patients who underwent PCI
for at least 1 CTO lesion between January 2005 and Decem-
ber 2013 were included in this analysis.8,9 All coronary
revascularization procedures were performed in elective stable
patients by a total of 3 operators experienced in CTO PCI
(each performing >100 CTO procedures per year). Indica-
tion for coronary revascularization was based on angina
symptoms or on noninvasive imaging. Noninvasive testing by
either myocardial perfusion scintigraphy, stress
echocardiography, or cardiac magnetic resonance imaging was
performed in asymptomatic patients, and assessment of myo-
cardial viability in those with LV akinesia.

Patients were followed prospectively by telephone inter-
view at 30 days, 1 year, and 3 years after PCI in the present
study. In addition, follow-up data were obtained from hos-
pital re-admission records, telephone contact with the referring
physician, or outpatient visits. Follow-up at 30 days, 1 year,

aDivision of Cardiology and Angiology II, University Heart Center
Freiburg, Bad Krozingen, Germany; and bDepartment of Cardiology,
Charité—University Medicine Berlin, Campus Benjamin Franklin, Berlin,
Germany. Manuscript received May 30, 2017; revised manuscript received
and accepted July 24, 2017.
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MESSAGE # 4

• Marker of disease
severity?

• Cause of bad prognosis?

Heart Failure patients with a CTO survive
longer if they have their CTO reopened



MESSAGE # 5

If the CTO is a cause of bad prognosis its
revascularization should be a treatment target



How to identify responders?



Viability is the answer

infarction after successful reperfusion.8 In gen-
eral, myocardial perfusion is normal and function
recovers quickly.

Myocardial Hibernation
More than 40 years ago physicians noticed that
chronic myocardial dysfunction before coronary
bypass often improved after revascularization.4,5

Myocardial hibernation is a state of persistent LV
dysfunction that results from chronically reduced
blood flow or repetitive stunning without infarc-
tion and necrosis. A downregulation in contrac-
tile function at rest is thought to represent a
protective mechanism to reduce myocardial
oxygen requirements and ensure myocyte
survival. When severe cellular hypoperfusion
and damage occurs, only cellular function
that is essential for survival, such as membrane
integrity, is preserved. Preserved or increased
myocardial glucose metabolism also occurs dur-
ing this state.

Nonviable Myocardium
If myocardial perfusion is not restored, irre-
versible myocardial necrosis can occur. The
goal of viability testing, detailed in the next
section, is to determine if a large portion of
dysfunctional myocardium is nonviable in which
case the risks would likely outweigh benefit of
revascularization.

VIABILITY AND NONINVASIVE IMAGING
METHODS OF ASSESSMENT

Viability testing can predict improvement of
heart failure symptoms and exercise capacity af-
ter revascularization.9,10 The ability to distin-
guish viable from nonviable myocardium that is
able to recover contractile function following
revascularization presents a clinical challenge in
current practice.11 Furthermore, viability testing
can have a lower specificity because not all pa-
tients with viable myocardium improve function
after revascularization.12

Medical therapy with revascularization in pa-
tients with ischemic cardiomyopathy has been
shown todecreasemortality comparedwithmed-
ical therapy alone.13 The probability of reversing
LV remodeling and improving LV systolic function
withmedical therapy and/or revascularization has
been shown to be greater with increased propor-
tions of viable myocardium on noninvasive imag-
ing.14,15 As shown in Fig. 1, Allman and
colleagues16 demonstrated in a meta-analysis of
mostly observational studies that patients with
viability treated by revascularization had a near
80% reduction in mortality. Those without

viability had no difference in mortality between
medical therapy or revascularization. We will
next review each of the currently most commonly
used modalities for viability testing.

Single-Photon Emission Computed
Tomography
Single-photon emission computed tomography
(SPECT) uses radionuclide-labeled tracer to
measure regional tracer concentration in the
myocardium and can measure viability by deter-
mining percentage of peak uptake of the tracer.
This is interpreted with rest images only or with a
stress/rest testing protocol. The most commonly
used tracers are 99mTc-sestamibi or 201Tl. The
two tracers have been shown to have compara-
ble results in predicting recovery of resting
defects.17 Radiotracers sequester within myo-
cytes with intact cell membrane. Thus, myocar-
dial viability is interpreted as an all-or-none
phenomenon because SPECT cannot assess the

Fig. 1. (A) Death rates for patients with and without
myocardial viability treated by revascularization or
medical therapy. (B) Same data as A with comparisons
based on treatment strategy in patients with and
without viability. (From Allman KC, Shaw LJ, Hachamo-
vitch R, et al. Myocardial viability testing and impact of
revascularization on prognosis in patients with coro-
nary artery disease and left ventricular dysfunction: a
meta-analysis. J Am Coll Cardiol 2002;39(7):1155;
with permission.)
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Myocardial Viability Testing
to Guide Coronary
Revascularization
Adrián I. Löffler, MDa, Christopher M. Kramer, MDa,b,*

KEYWORDS

! Viability ! Hibernation ! Revascularization ! Chronic total occlusion

KEY POINTS

! Left ventricular dysfunction remains one of the best prognostic determinants of survival in
patients with coronary artery disease and revascularization improves survival.

! Patients with myocardial viability have increased mortality if treated medically and do not
undergo revascularization.

! Out of the most commonly used modalities to assess viability, CMR and PET offer the highest
sensitivity and specificity.

! Patients undergoing CMR-guided CTO intervention have been shown to have improvement
in LV ejection fraction, myocardial perfusion reserve, and symptoms.

INTRODUCTION

Left ventricular (LV) dysfunction remains one of
the best prognostic determinants of survival in
patients with coronary artery disease (CAD).1,2

It was originally thought that dysfunctional
myocardium after an infarction was irreversibly
damaged.3 However, it was later recognized
that some of the involved tissue remained viable
and contractility may be restored with revascu-
larization.4,5 Given that worsening LV systolic
function secondary to ischemia has been shown
to be associated with worse outcomes, but not
all myocardium improves with revascularization,
viability testing has since been well studied and
used. This article reviews the pathophysiology
and mechanism of myocardial viability, the
most commonly used noninvasive modalities to
assess myocardial viability and their strengths
and weaknesses, the utility of viability testing
for chronic total occlusion (CTO) interventions,
and the STICH trial.6

PATHOPHYSIOLOGY ANDMECHANISMOF
MYOCARDIAL VIABILITY

After a myocardial infarction, the myocardium
usually demonstrates one of five pathophysiol-
ogies: (1) normal myocardial perfusion and
function, (2) myocardial ischemia, (3) stunned
myocardium, (4) myocardial hibernation, and
(5) nonviable infarction.3 Prompt reperfusion or
the presence of collateral vessels and intact cor-
onary microvasculature function may preserve
myocardial perfusion. Ischemia occurs as a result
of decreased blood flow resulting in low ATP
production and subsequent LV dysfunction.3

Myocardial Stunning
Myocardial stunning is a reversible state of
regional contractile dysfunction that occurs after
transient ischemia without ensuing necrosis.7

Myocardial stunning is believed to play an
important role in persistent contractile dysfunc-
tion seen in patients with acute myocardial

Disclosures: Supported in part by NIH, NIBIB (5T32EB003841).
a Division of Cardiovascular Medicine, University of Virginia Health System, Box 800170, 1215 Lee Street, Charlot-
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Hachamovitch / Circulation. 2003;107:2900-2906.

And what about ischemia?





CTO PCI: Reduction of ischemic burden

• The mean reduction in 
myocardial ischemic burden 
after CTO PCI was 6.2%  ± 6.0%

• ischemic burden > 12.5% 
predictive of improvement in 
myocardial ischemic burden 
following CTO PCI

• Ischemic burden < 6.25% 
predictive of worsening 
ischemia following CTO PCI

• patients with 5% reduction in 
ischemic burden post-PCI 
experienced fewer clinical 
events, in particular death 
and TVR

301 patients
undergoing
SPECT/PET before
and after CTO 
recanalization

Safley et al, Cathet Cardiovasc Interv 2011;78:337–343

Improvement with ischemic
burden > 12%



At what cost?

Complications? Success rate?



Complications

disease (11). Our data confirmed that CTO patients
with low LVEF had higher risk profile with more
comorbidities and more diffuse CAD in comparison
with those with preserved and mildly impaired LVEF.

Tajstra et al. (11) also found that in patients with
systolic heart failure, 12-month all-cause mortality
(19.4% vs. 13.1%; p < 0.001) and cardiovascular death
(16.2% vs. 8.3%; p ¼ 0.001) were higher in presence of
CTO than without. The presence of CTO indepen-
dently increased the risk of 12-month mortality
(relative risk: 1.84; 95% CI: 1.18 to 2.85; p ¼ 0.006).
Importantly, in the latter study, only a minority of
patients was affected by CTOs attempted percutane-
ously (3.5%) (11). Current guidelines and appropriate
use criteria for myocardial revascularization do not
provide any recommendation regarding the most
appropriate management strategy in CTO patients
with low LVEF (20,21).

Thanks to the development of dedicated equip-
ment and the growing expertise of CTO PCI operators,
the success rate has dramatically increased among
different interventionalists’ communities (9,22,23). In

addition, despite the increasing complexity of CTO
lesions, complication rates remained low (9). Inter-
estingly, CTO lesions in patients with LVEF #35%
included in our study population were less previously
attempted than in those with preserved and mildly
impaired LVEF. This fact might underline the reluc-
tance of non-CTO expert interventionalists to attempt
such more difficult procedures in this high-risk subset
of patients, preferring to refer them to CTO expert
operators or to open heart surgery.

In our study, the angiographic success rate of CTO
PCI attempts was 93.6% in all population and 91.7% in
patients with LVEF was #35%. Moreover, low LVEF
did not predict CTO PCI failure. Although the CTO
recanalization techniques used in this latter subset of
patients were comparable to those used in patients
with preserved and mildly impaired LVEF, some
particularities should be emphasized. For instance, in
patients with a dilated left ventricle (left ventricular
end-diastolic diameter $70 mm), the retrograde
approach requires longer microcatheters and in some
cases brachial access with shortened guiding

TABLE 4 Periprocedural Complications

All CTO PCI
(N ¼ 839)

LVEF $50% CTO PCI
(n ¼ 552)
(Group 1)

LVEF 35%–50% CTO PCI
(n ¼ 215)
(Group 2)

LVEF #35% CTO PCI
(n ¼ 72)
(Group 3)

Coronary perforation without tamponade 21 (2.5) 17 (4.5) 6 (2.8) 3 (4.2)

Coronary perforation with tamponade 13 (1.5) 8 (1.4) 5 (2.3) 0

Need for emergency CABG 1 (0.1) 1 (0.2) 0 0

Death 0 0 0 0

Non–Q-wave MI 7 (0.8) 3 (0.5) 4 (1.9) 0

Q-wave MI 2 (0.2) 2 (0.4) 0 0

Stent thrombosis 2 (0.2) 1 (0.2) 1 (0.5) 0

TVR 4 (0.5) 2 (0.4) 2 (0.9) 0

Stroke 0 0 0 0

Major bleeding 3 (0.4) 2 (0.4) 1 (0.5) 0

Values are n (%).

TVR ¼ target vessel revascularization; other abbreviations as in Table 1.

TABLE 5 Clinical Follow-Up of CTO Patients According to LVEF

LVEF $50% LVEF 35%–50% LVEF #35%

Group 1
(n ¼ 509)

Successful CTO
PCI (n ¼ 476)

Failed CTO
PCI (n ¼ 33)

p
Value

Group 2
(n ¼ 200)

Successful CTO
PCI (n ¼ 188)

Failed CTO
PCI (n ¼ 12)

p
Value

Group 3
(n ¼ 72)

Successful CTO
PCI (n ¼ 66)

Failed CTO
PCI (n ¼ 6)

p
Value

All-cause death 8 (1.6) 5 (1.1) 3 (9.1) 0.011 4 (2.0) 3 (1.6) 1 (8.3) 0.221 6 (8.3) 3 (4.5) 3 (50.0)*† 0.006

Cardiac death 4 (0.8) 3 (0.6) 1 (3.0) 0.236 3 (1.5) 2 (1.1) 1 (8.3) 0.170 3 (4.2) 1 (1.5) 2 (33.3)† 0.017

Nonfatal MI 20 (3.9) 17 (3.6) 3 (12.1) 0.133 8 (4.0) 7 (3.7) 1 (8.3) 0.396 2 (2.8) 2 (3.0) 0 0.839

TVR 18 (3.5) 18 (3.8) 0 0.293 6 (3.0) 6 (3.2) 0 0.687 4 (5.6) 4 (6.1) 0 0.701

Non-TVR 20 (3.9) 17 (3.6) 3 (9.1) 0.133 17 (8.5) 15 (8.0) 2 (16.6) 0.271 7 (9.7) 6 (9.1) 1 (16.7) 0.471

Stroke 5 (9.8) 4 (0.8) 1 (3.0) 0.286 0 0 0 — 1 (1.4) 0 1 (16.7) 0.083

MACCE 59 (11.6) 51 (10.2) 8 (24.2) 0.027 30 (15.0) 26 (13.9) 4 (33.3) 0.086 14 (19.4)† 11 (16.6) 3 (50.0) 0.083

Values are n (%). *Group 1 vs. group 3, p < 0.05. †Group 2 vs. group 3, p < 0.05.

MACCE ¼ major adverse cardiac and cerebrovascular event(s); TVR ¼ target vessel revascularization; other abbreviations as in Table 1.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 0 , N O . 2 1 , 2 0 1 7 Galassi et al.
N O V E M B E R 1 3 , 2 0 1 7 : 2 1 5 8 – 7 0 CTO PCI and Low LVEF

2165

Downloaded for Anonymous User (n/a) at SBBL- Hospital Niguarda from ClinicalKey.com by Elsevier on October 25, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

J Am Coll Cardiol Intv 2017;10:2158–70 



Success rate

p values <0.10 were included in the model.
Variables judged to be of clinical importance from
previous published research were included in
the multivariate model-building process despite
p values >0.10. A p value <0.05 was considered to
indicate statistical significance. All data were pro-
cessed using SPSS version 21 (IBM Corporation,
Armonk, New York).

RESULTS

CTO PCI was attempted in a total of 839 patients
(mean 64.6 ! 10.5 years of age, 87.7% men). Accord-
ing to baseline LVEF, the study population was

subdivided as follows: group 1 (LVEF $50%) 552
(65.8%) patients; group 2 (LVEF 35% to 50%) 215
(25.6%) patients; and group 3 (LVEF #35%) 72 (8.6%)
patients (Figure 1).

In comparison with patients with preserved LVEF
(group 1), those with low LVEF (group 3) had more
comorbidities (e.g., diabetes, peripheral artery
disease, chronic kidney disease; all p < 0.05), more
previous MI (59.7% vs. 37.5%; p < 0.001) and showed
more frequent 3-vessel coronary artery disease (58.3%
vs. 38.2%; p<0.001). Group 3 patientsweremore often
diabetic (45.8% vs. 31.2%; p ¼ 0.018) and had under-
gone less prior PCI (23.6% vs. 39.1%; p ¼ 0.012) in
comparison with group 2. Table 1 summarized the

FIGURE 2 Success Rate and Procedural Details According to LVEF

(A) Angiographic and clinical success rates according to left ventricular ejection fraction (LVEF). (B) Successful antegrade and retrograde
approaches according to LVEF. (C) Antegrade/retrograde (A/R) wire escalation and A/R) dissection re-entry techniques according to LVEF.
(D) Stiffness of guidewires crossing the CTOs (into true lumen) according to LVEF. Interm ¼ intermediate.
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• It was demonstrated that the presence of the chronic total
occlusion of a coronary artery in patients with systolic ischemic
heart failure resulted in a poorer long-term prognosis. 

• The revascularization of coronary chronic total occlusions seems to 
be a promising treatment strategy in terms of long-term prognosis
improvement in patients with heart failure.

• However, the strategy requires verification in further, well-designed
and powered randomized trials. 

• Viability is necessary to improve symptoms, systolic function and 
prognosis

• Complications and success rate in CTO PCI in patients with low EF 
are not signficantly different from those recorded in normal EF 
patients

Conclusions



CTO PCI in heart failure
(with viability)


