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The increasing power of imaging in
diagnosis and management of CV disease
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Evolving Progress of Imaging Across the Continuum
of Biomedical Research and Clinical Practice

N\
‘ Translational Research
\

‘ Diagnosis and Risk Assessment
|

‘ Guide Therapy and Predict Benefit

[
‘ Treatment Monitoring

/
‘ Imaging Markers as Surrogate End Points in Clinical Trials
/



Coronary microvasculature disease

CMD is implicated in the pathophysiology
and manifestations of a broad spectrum of

CV disease
e [schemic heart disease
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Source: Chilian WM. J Nucl Cardiol 2001;8:599-605



“The absence of obstructive stenosis fails to explain
symptoms or risk in many patients with stable chest pain

11,223 patients referred for coronary angiography between 1998-2009
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In addition, the absence of obstructive upstream stenosis has failed to provide a rational explanation for the presence of chest pain in as many as 33% of men and 65% of women with normal or non-obstructive lesions or diffuse atherosclerosis on coronary angiography in this large Danish registry. Furthermore, the absence of obstructive stenosis was paradoxically associated with increased risk of death and/or MI


We can no longer assume that a normal coronary
angiogram implies a normal coronary vasculature

Coronary Arteriogram Coronary Vasculature

Courtesy of M. Gibson
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Invasive coronary angiography, the gold standard for diagnosis of obstructive CAD, has limited ability to resolve diffuse atherosclerosis and the arterioles of the distal coronary circulation. As such, a normal coronary angiogram is not synonymous with a normal coronary circulation.  Indeed, the ability of the coronary luminogram to identify a physiologically and prognostically important coronary stenosis in stable IHD is controversial because of the variable relationship between anatomic stenosis severity and myocardial ischemia. 

Small, early human studies documented discrepancies between apparent angiographic severity of coronary lesions and their physiologic significance.4-6 These discrepancies have been attributed to limitations in the resolution of X-ray angiography, and its inadequacy to detect coronary microvascular dysfunction (CMD) or determine the physiologic significance of diffuse coronary atherosclerosis,2, 3 a nearly ubiquitous finding in autopsy studies of patients with CAD 


Imaging based phenotyping of CMD in atherosclerosis

atherosclerosis microvascular dysfunction

=>» Measures integrated hemodynamic effects of epicardial CAD,
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New developments about CMD in atherosclerosis

1. Definition, pathophysiology and clinical
presentation



Definition and Pathophysiology of CMD

- Coronary microvascular disease is heart disease that affects the structure and function
of the small coronary artery vessels.
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~  Diffuse Atherosclerosis: A common finding in patients
with chest pain without obstructive stenosis
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LEFT: Left coronary angiogram and left anterior descending IVUS images from a 65-year-old woman with diabetes, hypertension, dyslipidemia, and hormone replacement therapy use. Note plaque in proximal left anterior descending with maintenance of lumen area. RIGHT: The relationship between the number of risk factors and percent atheroma volume.

AIMS:
Using intravascular ultrasound (IVUS), we sought to characterize coronary morphology in women with chest pain without major epicardial obstructive coronary artery disease (CAD). We have previously observed an unexpectedly high rate of adverse outcomes among women with chest pain and normal or insignificant obstructive CAD. Information about the presence and characteristics of coronary atherosclerosis in these women could provide insight into the mechanisms related to increased risk, as well as improved diagnosis, prevention, and treatment.
METHODS:
Women (n = 100) with suspected ischemia without obstructive CAD (>50% stenosis) underwent IVUS of a left coronary segment with measurements by a core lab masked to clinical and angiographic findings.
RESULTS:
Angiograhic core lab analysis found 69.6% of patients had no (≤20%) and 30.4% had minimal (20-<50%) CAD. IVUS segmental images were interpretable by the core lab in 92 women, with 19 (21%) having no atherosclerosis (intimal-medial thickness <0.5 mm). In the remaining 73 women (79%), percent atheroma volume was 27 ± 8% and mean maximum plaque thickness was 0.53 ± 0.22 mm. Thirty-eight women with atherosclerosis (53%) had ≥30% of interrogated vessel involved. The average vessel involvement was 40%, and the maximum plaque thickness was 1.27 mm. The number of risk factors strongly correlated with percent atheroma volume (r = 0.53, P < 0.0001) and percent vessel involvement (r = 0.51, P < 0.0001), with the strongest independent predictor of both being age. Remodeling was assessed in 59/73 women (81%), and 73% had evidence of positive remodeling.
CONCLUSIONS:
In symptomatic women without significant luminal obstructive CAD, we observed a high prevalence of atherosclerosis with positive remodeling and preserved lumen size. These findings may help explain increased risk and emphasize need for improved diagnostic and treatment options for women with concealed CAD.



CMD - Clinical Manifestations

e Asymptomatic
* Angina pectoris
* Dyspnea

e Heart failure

Source: Crea, Camici, Bairey Merz. EHJ 2014;35:1101-11



New developments about CMD in atherosclerosis

2. Diagnosis and prevalence



Diagnosis of CMD
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Source: Chilian WM. J Nucl Cardiol 2001;8:599-605
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JHigh prevalence of CMD in symptomatic patients without
obstructive CAD
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In addition, the absence of obstructive upstream stenosis has failed to provide a rational explanation for the presence of chest pain in as many as 33% of men and 65% of women with normal or non-obstructive lesions or diffuse atherosclerosis on coronary angiography in this large Danish registry. Furthermore, the absence of obstructive stenosis was paradoxically associated with increased risk of death and/or MI


Prevalence of CMD across the spectrum of
cardiometabolic risk
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In addition, the absence of obstructive upstream stenosis has failed to provide a rational explanation for the presence of chest pain in as many as 33% of men and 65% of women with normal or non-obstructive lesions or diffuse atherosclerosis on coronary angiography in this large Danish registry. Furthermore, the absence of obstructive stenosis was paradoxically associated with increased risk of death and/or MI


High prevalence of CMD in obese patients
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New developments about CMD in atherosclerosis

3. A marker of ischemia and clinical risk



51yo Mwith CAD,recent STEMland DES to pLADin 2/16,HTN, Type 1 DM, diabetic
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CMD affects the severity of myocardial ischemia
even in the absence of epicardial stenosis
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Severe ischemia is only partially accounted for
by the extent/severity of angiographic stenosis
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Adjusted cardiac mortality by severity of CFR impairment
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There is growing and consistent evidence from multiple laboratories around the world that an abnormal CFR, reflecting reduced coronary flow capacity in the heart, identifies patients at increased risk of adverse CV events. This graph illustrates this point from one of the largest studies in the literature. It shows annualized rates of cardiac mortality by tertiles of CFR. Patients in the lowest tertile showing severe reductions in CFR (< 1.5) had a 5.6 fold increased in mortality compared to those in the upper tertile with CFR values > 2.
CAD with a sensitivity of 86% and a negative predictive value of 97% in a retrospective study of 136 symptomatic patients with normal or mild-moderately abnormal PET myocardial perfusion scans (<10% LV ischemia and/or scar) and LV ejection fraction 40%.26 Conversely, a CFR of <2 has been associated with a 3.4-fold increased hazard of cardiac death, and a CFR of <1.5 has been associated with a 5.6-fold increased risk of cardiac death, as compared with patients with a CFR of >2 in a registry of 2,783 symptomatic patients referred for PET MPI for evaluation of known or suspected CAD.25 Data from multiple clinical registries25, 27-29 have consistently shown that CFR measurements by PET can distinguish patients at low or high risk for major adverse cardiovascular events (MACE), including cardiac death, beyond comprehensive clinical assessment, LV ejection fraction, or traditional semi-quantitative measures of stress-induced ischemia. Stated another way, lower CFR reliably identified higher-risk patients at every level of myocardial scar/ischemia and LV ejection fraction, including among those with visually normal PET MPI scans and normal LV function.



CFR Reclassifies Risk of Cardiac Death in Diabetics
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Quantitative CFR is a powerful marker of vascular health that can help us reclassify risk among high risk cohorts. This graph shows annualized risk of cardiac mortality among symptomatic diabetics without overt CV disease, that is no evidence of prior MI or revascularization. Patients with a CFR below 1.6, the median for this cohort, showed a 2.8% annual mortality rate compared to 0.3% among those with a normal or mildly reduced CFR above 1.6. In this study, the risk conferred by the severely reduced flow was comparable if not higher than that of those patients without diabetes who already had a MI and/or revascularization. Conversely, the risk of those with a normal or mildly reduced CFR was low and comparable to patients without CAD or diabetes. This suggests that this direct measure of coronary vascular health may help us refine the definition of CAD risk equivalent assigned to diabetes or other conditions.


~ CMD and risk stratification across the spectrum of

cardiometabolic risk
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In addition, the absence of obstructive upstream stenosis has failed to provide a rational explanation for the presence of chest pain in as many as 33% of men and 65% of women with normal or non-obstructive lesions or diffuse atherosclerosis on coronary angiography in this large Danish registry. Furthermore, the absence of obstructive stenosis was paradoxically associated with increased risk of death and/or MI


Proposed pathophysiologiclink between CMD and clinical outcomes
and role of imaging and serum biomarkers
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Association between CMD, myocyte injury,
and outcomes in patients w/o obstructive CAD
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- Reduced coronary microvascular density
associates with fibrosis in HFpEF
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Coronary microvascular density (MVD) in HFpEF and control. The frequency distribution for total MVD (A) is shifted downward in HFpEF. Tukey box plots (box: median, 75th, and 25th percentiles; whiskers: highest value within 75th percentile plus 1.5×IQR and lowest value within the 25th percentile minus 1.5×IQR, symbols show outliers if present) of regional MVD (B) demonstrate similar reduction in MVD across the subepicardial (Epi), midmyocardial (Midwall), subendocardial (Endo), and papillary muscle (Pap) in HFpEF. Representative examples of anti-platelet endothelial cell adhesion molecule-1/ anti-CD31 stained left ventricular sections with algorithm-defined capillaries (yellow), precapillary arterioles (orange), and larger intramyocardial arteries (red) illustrate the lower MVD in HFpEF (C) in comparison with control (D) subjects. CD31 indicates cluster of differentiation 31; HFpEF, heart failure with preserved ejection fraction; and IQR, interquartile range.


Interstitial fibrosis and LV diastolic dysfunction
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CMD, diastolic dysfunction, and HF hospitalizations

CFR and markers of diastolic
dysfunction
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New developments about CMD in atherosclerosis

4. A target for therapy?



Medical management of MCD

Mode of
Baseline No CAD =50% Assessing
Treatment CFR =25 Stenosis CFR or MPR Patients (n) Findings First Author, Year (Ref. #)

Renin/angiotensin/aldosterone inhibitors

Eplerenone 25 mg No Yes IC Doppler 25 Angina +«, CFR + Bavry et al,, 2014 (44)

Candesartan 4-8 mg NA No IC Doppler 14 CFR t lino et al., 2012 (74)

Enalapril 5 mg 2x daily No Yes IC Doppler 10 Angina 1, CFR t Chen et al, 2002 (75)

Enalapril 10-20 mg/day No Yes Argon dilution 15 Symptoms 1, CFR 1 Motz et al., 1996 (43)

Enalapril 5 mg 2= daily No Yes PET 10 Exercise capacity t Kaski et al., 1994 (42)
Statins

Fluvastatin 40 mg Yes Yes TTDE 23 Angina 1, CFR 1 Zhang et al., 2014 (50)

Atorvastatin 80 mg No No IC Doppler 20 CFR + Eshtehardi et al., 2012 (51)

Atorvastatin 20 mg Yes Yes TTDE 20 CFR t Caliskan et al., 2007 (52)
Nitric oxide modulators

L-arginine 1-time infusion No Yes IC Doppler n CBF | Gellman et al., 2004 (58)

Tetrahydrobiopterin 1-time infusion No No IC Doppler 23 CBF t Setoguchi et al., 2001 (76)

L-arginine infusion 3 g 3x daily No No IC Doppler 13 Angina 1, CFR « Lerman et al., 1998 (59)

L-arginine 1-time infusion No No IC Doppler 8 CBF 1 Egashira et aL, 1996 (57)
Caldum-channel blockers

Diltiazem 90 mg No Yes TTDE 23 Angina 1, CFR t Zhang et al., 2014 (50)

Lidoflazine 240-360 mg No Yes Thermodilution n Angina « , MBF 1, Cannon et al, 1990 (48)

Arrhythmias®

Verapamil 80 mg 4 x daily No Yes Thermodilution 17 Angina 1 Cannon et al, 1985 (47)

Nifedipine 10 mg 4x daily No Yes Thermodilution 9 Angina 1 Cannon et al, 1985 (47)
Alpha-blockers

Doxazosin 2 mg No Yes PET scan n Angina «, CBF +, Rosen et al., 1999 (61)
Antianginal agents and nitrates

Ivabradine 5 mg Yes Yes TTDE 16 Angina 1, CFR « Villano et al,, 2013 (68)

Isosorbide dinitrate 5 mg (SL) MNA Yes TTDE 29 Stress testing « Russo et al., 2013 (69)

Ranolazine 500-1,000 mg No Yes CMR 20 Angina 1, CFR « Mehta et al., 2011 (67)

Isosorbide dinitrate 10 mg (SL), 2 mg (IV) NA Yes Themodilution n Angina |, CBF | Bugiardini et al, 1993 (70)
Estrogens

17p-estradiol 1 mg + drospirenone 2 mg No NA PET z MPR t Knuuti et al., 2007 (63)
Devices

EECP Yes Yes TTDE 24 Angina 1, CFR 1 Luo et al., 2012 (65)

TENS NA Yes IC Doppler 13 CBF | Sanderson et al, 1996 (66)
Other

Bariatric surgery Yes MA TTDE 50 CBF t Nerla et al., 2012 (72)

Cognac No MNA TTDE 18 CFR « Kiviniemi et al., 2008 (77)

Vitamin C 3 g infusion No N/A PET 19 CFR t in asymptomatic Kaufmann et al., 2000 (78)

smokers
Exerdse training No No PET 13 CFR t Czernin et al., 1995 (71)

Source: Marinescu MA, et al.J Am Coll Cardiol Img 2015:8:210-20



Potential role of novel therapies

Inflammation reduction (CIRT-CFR)
Lipid management

Metabolic modulators
Neurohormonal inhibition

MR receptor antagonists (SPIN-D)
Rho kinase inhibition (ANOCA)



CYVRIT

CARDIOVASCULAR INFLAMMATION
REDUCTION TRIAL

CIRT-CFR trial

Does reduction in systemic inflammation improve CFR?

NHLBI-funded multicenter RCT allocating 7,000 pts with prior Ml and
T2DM or MS to LDM vs. placebo, primary outcome MACE (CD, MlI, stroke)
target follow-up 3 yrs

Is the improvementin CFR associated with improved LV function?
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Recio-Mayoral A et al, JACC CV Img (2013); 6:660 
Figure?2   Corrected Coronary Flow Reserve in CSX Patients With Baseline CRP ?3 mg/l, CSX Patients With CRP levels &gt;3?mg/l and Control Subjects  Individual (corrected) coronary flow reserve values in the 2 CSX?subgroups, i.e., patients with CRP values ?3 ...



Summary

e We have seen fantastic
progress

 Quantitative imaging is

: V Imaging in
helping us advance: C . a8 . =
. . Biomedical
— Mechanisms of disease :
— Early diagnosis Research and
— Drug discovery Practice

— Improving clinical trials
e Enrich cohorts

 Mechanistic insightsinto
how drugs work
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