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Ischemia Miocardica e Disfunzione Ventricolare
Sinistra nella Sindrome Cardio-Nefro-Metabolica

Leonardo Bolognese, MD, FESC, FACC
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Myocardial Ischemia and LV Dysfunction

» Myocardial ischemia with obstructive CAD,
LV dysfunction and HFrEP

» Myocardial ischemia without obstructive
CAD, LV dysfunction and HFpEF
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Prevalence and Prognosis of Ischemic LV Dysfunction in Heart Failure

All-Cause Death and First HFHs According to Etiology

~ Crude HR(95%CI) Adjusted HR (95% | Crude HR (95% CI) Adjusted HR (95% CI)
Ischemic Ref. Ref. Ischemic Ref. Ref.
Valvular 0.97(0.92-1.03)  0.88(0.82-0.93) Valvular 1.02(0.95-1.08) 1.07 (1.00-1.14)
Hypertensive 0.82(0.79-0.85)  0.89 (0.86-0.93) : e 0.91(0.87-0 03 (0.98-1.
ypertensive 0.91(0.87-0.96) 1.03 (0.98-1.09)
Other 0.63(0.61-0.65) 0.94 (0.90-0.98) Other 0.77(0.73-0.81)  1.07 (1.00-1.13)
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Cardio-Kidney-Metabolic Syndrome

High Prevalence Poor Prognosis

CKM 4
0
°% No CKM .
%1  CKM Syndrome Hazard Ratio

CKM3 11% Stage [95% CI]

—— Stage 0 Referent
9% —— Stage 1 1.04 [0.61,1.77]
15% 4 —— Stage 2 1.59 [0.94, 2.67]

—— Stage 3 1.80 [1.06, 3.06]
—— Stage 4 3.88 [2.25, 6.68]
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Chen Y, et al. JACC Adv. 2025;4(6):101843

Aggarwal R et al JAMA 2024; 331:1858
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HFpEF — CKM - Phenogroups - Prognosis

e 7 Overall AAMR

| ===Overall AAMR
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Jeffrey Lazarus

The Barcelona Institute for “How many of you have
Global Health (ISGlobal) 273
Head of the Public Health heard of MASLD:

Liver Group Spain
Less than half of the audience

members raised their hands.

“That’s good,” Lazarus said.
“That means I can keep
referring to it as the prevalent
NCD you’ve probably never
heard of.”
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Metabolic Dysfunction—
Associated Steatotic Liver
Disease and CV Disease

factor fo From Cardlovascular-Kldney-Metabollc Syndrome to

mortalit

CKM staging enhancing early rlsk
stratification

Khan MS et al. JACC 2025;86:1861—1884

MASLD:A MultisystemDisease
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MASLD in the cardiovascular—kidney— metabolic health
framework: what does it add to the table?

» MASLD requires metabolic dysfunction, which places
nearly all patients at least in Stage 2 CKM thereby limiting
potential additive value of MASLD

» It is unclear whether the association between MASLD and
CVD is causal or largely mediated by shared risk factors

» Finally, does the integration change treatment decision?

MASLD is a central player in the pathophysiology and clinical
phenotype of cardiovascular disease
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Pathophysiology of coronary microvascular dysfunction

Epicardial arteries Pre-arterioles Arterioles and capillaries
(Conductance vessels) (Resistance vessels)
500 pm 100-500 pm <100 pm

Functional Mechanisms
Endothelial dysfunction and or
VSMC hyperactivity resulting in:
» Impaired vasodilatation
» Enhanced vasoconstriction

CMD

Structural Mechanisms

* Abnormal vascular remodelling
Luminal obstruction
Capillary rarefaction
Extrinsic vascular compression
Vascular wall infiltration

Macrocirculation Microcirculation

Scarica V et al. EXCLI Journal 2025;24:454-478 0G0



Conceptual model of the pathophysiology linking coronary microvascular
ischaemia, low-level cardiomyocyte injury, and myocardial stiffness to HFpEF

Coronary
Micror\‘lascular mpaired Coronary
Ischemi low Reserve
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Pagliaro BR, Bolognese L Heart Fail Rev. 2020; 25:53-65 @00 IR
Bond RM et al. Am J Prev Cardiol. 2025:22:100983




Prognostic Impact of CMD and Diastolic LV Dysfunction

Death or hospitalization for heart failure
Hazard Ratio Weight

Study with 95% CI (%)
Allan et al., 2019 H 3.82[0.98, 14.88] 21.39
Rush et al., 2021 i 0.84[0.28, 2.59] 23.81
Kato et al., 2021 B 12.30[5.61, 26.98] 27.10
Arnold et al., 2022 B 2.32[1.13, 4.75] 27.71
Overall ~etl 3.19[1.04, 9.75]
Heterogeneity: 1" = 1.04, I’ = 81.96%, H’ = 5.54

Test of 8 = 6; Q(3) = 17.32, p = 0.00

Testof8=0:z=2.03, p=0.04

D’Amario D et al. ESC Heart Failure 2024; 11: 2063-2075 000 EIHmmmTmT



Coronary Microvascular
Dysfunction in Patients
With Heart Failure

Structural
CMD Intimal thlckemng }Capillary density
Smooth Muscle Cell (SMC) tCapillary diameter
thickening Capillary obstruction
SMC proliferation
Perivascular fibrosis

Functional
CMD

Molecular Mechanisms

NO ET-1+ETa ETe
EDHF Prostaglandin H2
Prostacyclin  Thromboxane

.

Paolisso P et al. Circ Heart Fail.
2024;17:e010805
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Continuous Thermodilution

Results

HFpEF
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Effects of SGLT2 inhibitors on coronary microcirculatory
resistance in patients with CAD and type 2 diabetes
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Dapagliflozin use linked to ameliorated Coronary Microvascular Dysfunction in CHD and T2DM patients.

Li et al. Diabetology & Metabolic Syndrome 2025; 17:380 6O O



Baseline

WISE Pre-HFpEF: Study Design and Hypothesis

Coronary function testing

Invasive PV loop analysis

Myocellular ischemia detection

I.  Ultra-high-sensitivity-cTnl
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Follow-up: 1-year vs baseline cardiac MRI

Tissue Characterization: Diffuse Fibrosis

Morphology & Function

Myocardial Strain

Native T1

ECV Fractlon

Post Contrast T1

Diffuse fibrosis

Tissue Characterization: Focal Scar

Hypothesis at baseline

Ph.d

CFT-based diagnosis CMD (+) CMD (-)
Myocellular +
ischemia/damage =
Provocative stress-related Impaired
normal
LV relaxation or normal
Repetitive CMD-
related ischemia
Hypothesis at 1 year
Adverse LV remodeling + - -
Diffuse myocardial
. + - -
fibrosis
LV diastolic dysfunction + -
Myocardial perfusion 3z o

reserve index
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HFpEF: A Novel Unifying Hypothesis
The Adipokine Hypothesis: Secretion of Adipokines From

Biologically Transformed Visceral Adipose Tissue Leads to HFpEF
TObesit . Biological transformation <_Visceral 6
y of adipose tissue adiposity

L 1

Altered synthesis of adipokines

\4
Systemic inflammation
y
Maladaptive renal effects Maladaptive cardiac effects
Antinatriuretic effect Cardiac hypertrophy
Plasma volume expansion Microvascular dysfunction
Renal fibrosis \\\\\ Cardiac fibrosis

Y Y

- Ability of left
f Filling of —= HFpEF = * ventricle to

leftiventricle tolerate filling

Packer M, JACC. 2025;86(16):1269-1373 ©C O



Characterization of Adipokine Domains and Shifts in the Balance
in the Healthy Circulation and in HFpEF
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Cardiovascular-Kidney-Metabolic Health
A Presidential Advisory From the American Heart Association

Nonmetabolic
etiologies of
/ hypertension

Stage 1:
Excess/Dysfunctional
Adipose Tissue

Stage 0:
No Risk Factors

Stage 2:
Metabolic Risk
Factors and CKD
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A focus on

Overweight/obesity
Abdominal obesity
Impaired glucose
tolerance

Type 2 Moderate- to
diabetes high-risk CKD

y A

primordial prevention /
and preserving Nonmetabolic
cardiovascular health etiologies of CKD

Ndumele CE et al. Circulation. 2023;148:1606-1635 ©© 0 [ EXXImTmY



Conceptual Frameworks to Explain the Pathogenesis of

Heart Failure With Preserved Ejection Fraction

#ForumRisk20

Comorbidity-driven coronary
microvascular inflammation
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Multiple
comorbidities

Systemic
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Coronary microvascular
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|
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inflammation/fibrosis hypothesis

Multiple _
comorbidities | Ypertension
/ !
Canonical
cytokines o
¢ Cardiac immune
cell and fibroblast
activation

Systemic
inflammation

Microvascular inflam- \

Cardiac
fibrosis

&

Increased cardiomyocyte
and myocardial stiffness

mation, NO-cGMP

deficiency and

titin abnormalities

HFpEF

Adipokine
hypothesis

Excess visceral adiposity

Proinflammatory shift
in adipokine secretion

N

Systemic Comorbidities,
inflammation atrial
fibrillation

Cardiac hypertrophy, Sodium
inflammation. fibrosis: retention,

microvascular plasma volume
dysfunction

expansion

MY

HFpEF

Parker M JACC Heart Failure in press
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Myocardial Ischemia, LV Dysfunction, CKM and HF
Conclusive Remarks

» Over the last decade, there has been a rise in CV mortality
reflecting the surging contribution of key metabolic risk factors

» Microcirculation of the heart and other organs is a critical factor
impacting individual cardiometabolic health outcomes

» Coronary microvascular dysfunction is associated with
cardiometabolic diseases and future risk of HF, MI, and death in a
manner that is independent of traditional CV risk factors.

» We are now at the precipice of transformative change in our
understanding of pathophysiology of cardiometabolic science and
clinical outcome such HF and the role of myocardial ischemia.

#ForumRisk20




Overlap of Cardiometabolic Diseases and Microvascular Dysfunction

Brain
Microvascular disease, atrophy

Skeletal Muscle

Heart
CMD Pancreas/Gut

Sarcopenia, IMAT Miyoedicel -

The Rise of 2 Interacting
Subspecialties in Cardiology
Cardiometabolic Diseases and
the Microcirculation

stiffness/
fibrosis

Adipose

Ectopic fat depots, Insufficient/ineffective
inflammation insulin
Kidneys
Microcirculation e e{ N\
© ) . o - =
\
Vasomotor dysfunction, Microvascular dysfunction,

inflammation, rarefaction fibrosis

Taqueti, V, Fuster, V. JACC. 2024, 83:1821-1823.
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