
INVISIBLE LIFELINES: UNRAVELING THE 
CRITICAL ROLE OF CARDIAC 

MICROCIRCULATION
Complex network of vessels less than ≈500 µm (1/2 mm) in 

diameter

Responsible for regulating blood flow to and the 
exchange of oxygen, nutrients, and metabolites in 

the myocardium

Microvasculature handles 

over 90% of coronary 
resistance 



Introduction-basics

Microcirculation is not visible on angiograms----invisible lifeline

Genetics
Environmental lifestyle choices

Metabolics
GDMT

Stress-microcirculation increases



Insulin resistance

Hypertension

Metabolic diseases

Vascular disease



Where Coronary Blood Flow Meets Tissue Needs

Myocardial
Perfusion Regulation

Integrated control of blood
flow and oxygenation

Macrovascular
System

Microvascular
Network

Bulk blood delivery via
arteries

Tissue-level perfusion and
exchange



sidik-et-al-2019-human-microcirculation-in-ischemic-heart-disease.pdf

Invisible Lifelines

s41598-020-71174-9 (1).pdf

Most disease in top 1/3 of coronaries



During reduced blood—angina—troponin leak

Intricate network of capillaries surrounds each 
cardiomyocyte, ensuring a minimal diffusion distance

Energy substrates
Heart can pick

Free fatty acids are the 
primary energy source, 

providing 60–70% of the 
total ATP

Fatty acid translocase (CD36)
Helps move into cell

Glucose: In conditions of 
high workload or after a 

meal when insulin is 
elevated

Lactate: During exercise

Ketone bodies: Most 
power per pound

Contracting cardiomyocyte



Anatomy and Physiology of Cardiac Microcirculation 

o Epicardial arteries (>500 μm) for low-resistance 

transport.

o Pre-arterioles (100-500 μm) to maintain pressure.

o Arterioles (<100 μm) for metabolic regulation via 

dilatation.

o Capillaries for gas/nutrient exchange.

o Role of glycocalyx, endothelial cells, smooth muscle, and 

pericytes in vascular tone.

Microcirculation 

Oxygen
FFA/Glucose/Lactate/Ketones
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smilowitz-et-al-2023

-coronary-microvascular-disease-in-contemporary-clinical-practice.pdf

Adapted from Smilowitz

Metabolic disease

Mechanical treatments

Inflammation



Nitric oxide relaxes
smooth muscles,
causing
vasodilation.

1 Nitric Oxide

Endothelin-1
promotes
vasoconstriction,
narrowing blood
vessels.

2 Endothelin-1

Prostacyclin
modulates vascular
tone, preventing
platelet aggregation.

3 Prostacyclin Vascular Tone
Regulation

Endothelial Cell Dynamics

Chemical
Signals

Shear stress
influences
endothelial cell
function and tone.

4 Shear Stress

5
Chemical signals
like acetylcholine
affect vascular tone.

Endothelial cell

Hypoxia-increases oxidative stress
Alters glycolysis—endothelial cell dysfunction—increases lactate production

great state of the art review hypoxia.pdf

JACC: BASIC TO TRANSLATIONAL SCIENCE VOL. 10, NO. 6, 2025 
Li et al JUNE 2025:862 – 878

Pericyte





Calcium Influx

Relaxation

Vessel
Narrowing

Increased
Vascular
Tone

Vessel
Widening

Contraction Norepinephrine

Smooth Muscle Cell Control of Vascular Tone

Smooth
Muscle Cells

Angiotensin II Fine-tuning
Blood Flow

Nitric Oxide
(NO)

Reduced
Vascular
Tone





Physiology 

• Acute adjustments: Neurogenic, endothelial (e.g., 

nitric oxide for vasodilation), and metabolic 

factors.

• Chronic adaptations: Structural remodeling 

influenced by shear stress and inflammation.

Coronary blood flow to oxygen demand: 

healthy microvasculature can increase blood 

flow 5-fold during stress



Impact of ↑↑ microcirculatory resistance on Cardiovascular
Outcomes

2.5 3 3

MACE in Stable
CAD

Adverse LV
Remodeling in

ACS

MACE in Diverse
CAD

2.5-fold higher risk over
5 years

3-fold increased risk in
meta-analyses3-fold increase in

remodeling



The GCX is formed
from proteoglycans,
glycosaminoglycans,

and glycolipids.

The vasculature
enters a

proatherogenic
state.

The GCX regrows to
maintain its
structure.

Decline in EC Health

Shedding
The GCX constantly

sheds its
components.EC health declines

due to GCX damage.

Proatherogenic
Course

Compromised
Integrity

The Endothelial Glycocalyx Cycle

Regrowth

Exposure to glucose
and ROS

deteriorates the
GCX.

Loss of GCX
integrity affects EC

architecture.
Mechanotransduction

Deterioration
The GCX mediates

mechanotransduction

Formation

van-den-berg-et-al-2003-the-endothelial-glycocalyx-protects-against-myocardial-edema (2).pdf

Molecular and Cellular Biochemistry (2019) 459:121–130



ehae666.2924 (2).pdf

Chilton 2025



Atherosclerosis-natural history



Metabolic 
diseases

Insulin resistance

Hypertension
New target 

<130/80
Normal 117 systolic

Surgery

Medicine

Major diseases affecting human—life expectancy

Inflammation

ESC 2025

Obesity
Diabetes

Liver



risk factor treatment early in diabetes helps.pdf

Can you reduce/eliminate excess 
risk of death/CV events in DM 

patients

271,174 patients with type 2 
diabetes who were registered in the 
Swedish National Diabetes Register 
and matched them with 1,355,870 

controls

N Engl J Med 2018;379:633-44



fcvm-10-1111721 

(4).pdf



KEY POINTS: METABOLIC 
DISEASE

• Approximately 20–40% of HF patients have 
type 2 diabetes, increasing the risk of CV 
events and mortality.

• Diabetes contributes to HF through 
mechanisms like myocardial fibrosis, 
inflammation, and oxidative stress, forming 
a CV risk continuum.

• Early management of CV risk factors (e.g., 
glycemic control, blood pressure) reduces HF 
incidence and improves outcomes.

Circulation, 140(7), e294–e324

Linking diabetes-HF
Unveiling the Pathways of Diabetes to Heart Failure

Myocardial Fibrosis

Diabetes-induced myocardial
fibrosis impairs heart
function.

1

2
Inflammation

Diabetes-related
inflammation exacerbates
heart failure progression.Diabetes and Heart

Failure

Diabetes significantly
increases heart failure risk

and mortality.

3 Oxidative Stress

Oxidative stress from
diabetes damages heart
tissues.

4

CV Risk Factors

Managing CV risk factors
reduces diabetes-related
heart failure.

Translational Pathways in CV disease

Myocardial Fibrosis
Diabetes-induced myocardial
fibrosis impairs heart
function.1

2
Inflammation
Diabetes-related
inflammation exacerbates
heart failure progression.

Diabetes and Heart

Diabetes significantly
increases heart failure risk

and mortality.

3 Oxidative Stress
Oxidative stress from
diabetes damages heart
tissues.

4
CV Risk Factors
Managing CV risk factors
reduces diabetes-related
heart failure.

dpap hf reduced.pdf

NEJM, 383(15), 1413–1424



Translational biology-large vessels

tuzcu-et-al-1995-occult-and-frequent-transmission-of-atherosclerotic-coronary-disease-with-cardiac-transplantation.epub

nissen.pdf

Age Group

20-29 28

30-39 77

40-49 88

≥50 80

Percentage with atherosclerosis

Distribution by Age Group

57 patients-accidental deaths

Circulation Volume 91, Issue 6, 15 March 1995; Pages 1706-1713



NEJMoa1002358 (2).pdf

N Engl J Med 2011;364:226-235

Prospective study, 697 patients with acute 
coronary syndromes

3-year cumulative rate of major adverse 
cardiovascular events

After percutaneous coronary 
intervention.

Endpoint: major adverse 
cardiovascular events (death from 
cardiac causes, cardiac arrest, 
myocardial infarction, or 
rehospitalization due to unstable or 
progressive angina) 

Culprit lesion
Non culprit lesion



NEJMoa1002358 (2).pdf

N Engl J Med 2011;364:226-235



Clinical trials



Advancements in ACS Revascularization

Tailored DAPT
duration

Individualized
SCAD
management

Adjusting DAPT based
on patient-specific

risks.

Tailored strategies for
complex SCAD cases.

COMPLETE trial- PCI in
high-risk
patients

Early invasive
strategy

Complete procedure
for high-risk
individuals.

Standard approach for
NSTEMI/STEMI patients.

CV events

OCT substudy revealed a large proportion of thin-cap 
fibroatheroma in nonculprit obstructive lesions



Can revascularization improve his 
prognosis? Even with EF<35

45 yo
Exercises daily=no angina

BMI 22
BP 126/80

Low stress job
86 y/o Mom and dad actively living snow skiing

LAD

Stable ischemic heart disease



Should surgical revascularization be performed in
patients with stable multivessel disease?

Perform
Revascularization

Do Not Perform
Revascularization

May improve
prognosis and LV

function if myocardial
viability is present.

May lead to higher
mortality rates

without myocardial
viability.

Evidence for Prognosis.. 
the likely course of a 

disease

Impaired LV function-
highest mortality



courage.pdf

Randomized trial involving 2287 
patients who had objective 

evidence of myocardial ischemia 
and significant coronary artery 

disease

COURAGE Trial

N Engl J Med 2007;356:1503-16.

Excluded
Poor LV

LM or Prox LAD
Strongly +ETT

LVEF <35%
14% Left Main Stented

N Engl J Med 2022;387:1351-60

REVIVED-BCIS2 

700 patients were randomized (347 to 
PCI, 353 to OMT alone

Perera REVIVED 2022.pdf

Randomly assigned 5179 
patients with moderate or 

severe ischemia (>7%)

Excluded
Poor LV

LM 

ISCHEMIA.pdf
ISCHEMIA

N Engl J Med 
2020;382:1395-407



Patients
LVEF ≤ 35%,

extensive CAD

Medical Therapy
Alone

Randomization

Design

Assigned to PCI +
therapy

Randomized,
multicenter

Assigned to therapy
alone

PCI + Medical
Therapy

Follow-up

Randomized,
multicenter

Median ~41 months Median ~41 months

Characteristic

Death or heart
failure

hospitalization

Baseline for
comparison

Death or heart
failure

hospitalization

Primary Outcome

PCI vs. Medical Therapy for LV Dysfunction

Secondary Outcome

Improve outcomes

LVEF, quality-of-life
scores

LVEF, quality-of-life
scores

Objective

LVEF ≤ 35%,
extensive CAD

Patients with a left ventricular ejection 
fraction of <35% 

Extensive coronary artery disease amenable 
to PCI, and demonstrable myocardial viability 
to a strategy of either PCI plus optimal medical 
therapy or optimal medical therapy alone

Perera REVIVED 2022.pdf

Vessel size amenable to PCI >2.0 mm

NS



Patients with severe ischemic left ventricular systolic dysfunction who received 
optimal medical therapy, revascularization by PCI did not result in a lower incidence 

of death from any cause or hospitalization for heart failure

Perera REVIVED 2022.pdf REVIVED-BCIS2



Unveiling Myocardial Viability's Impact on Heart
Prognosis

Presence of
ViabilityMyocardial

Viability

Absence of
Viability

Sure?



NO trial evidence required in level C



Improve LVEF?
..possibly stunning?Myocardial

Viability

Reduce death / HHF?
PCI



Perera REVIVED 2022.pdf

Both improved same amount

Medical therapy drives EF improvement not PCI

There was improved lifestyle

?



perera-et-al-2023-arrhythmia-and-death-following-percutaneous-revascularization-in-ischemic-left-ventricular.pdf Circulation. 2023;148:862–871. DOI: 
10.1161/CIRCULATIONAHA.123.065300

Composite primary outcome was all-cause death or 
aborted sudden death (defined as an appropriate 

implantable 
cardioverter defibrillator therapy or a resuscitated 

cardiac arrest) at a minimum of 24 months

Median left ventricular ejection fraction was 28%
53.1% had an implantable 

defibrillator inserted 
before randomization or during 

follow-up

All-cause death or aborted sudden 
death occurred in 144 patients (41.6%) 

in the PCI group and 142 patients 
(40.2%) in the OMT group

Mechanism of death-not re-MI

PCI don’t reduced ventricular arrhythmias



No evidence to support delaying 
implantation merely to assess the effect of 

percutaneous 
coronary intervention because the latter 

was not 
found to improve left ventricular function

Circulation. 2023;148:862–871



letter to editor reviv scar.pdf

Scar Volume and Arrhythmic Risk

High Predictive
Value

Incremental
Predictive Value

High Scar Volume Low Scar Volume

Scar: <18% (IQR: 5%-14%), >18% (IQR: 21%-32%)

<12%

>24%
HR: 1.24, 95%CI (1.11-1.39)

Morgan pending publication JACC CV Imaging 2025

DEATH



STICH trial investigators did not 
find that improvement in left 
ventricular function affected 
survival

jamacardiology_perera_2023_oi_230054_1702400207.91016.pdf

A greater scar burden was 

associated with an increased incidence of 
the primary outcome (HR per 10% absolute 
increase in scar burden, 1.18; 95% CI, 1.04-
1.33; P= .009), all-cause death, and 
cardiovascular death

Revived

stich vs revive.pdf



Patients who experience improvement in left 
ventricular function by 6 months have 
markedly better event-free survival than those 
who do not

Myocardial Viability and Prognostic Outcomes

No Prognostic
Benefit

Associated with
Outcomes

No Improvement
in LV Function

Associated with
Outcomes

Viable Myocardium Nonviable Myocardium

4 pillers heart failure drugs were not used

?



Courage trial comparing PCI and
medical treatment in low-risk patients

3
Revive Trial

2

Introduction of SGLT2i and ARNI
significantly reducing mortality and CV

events

Ischemia Trial
Ischemia trial with increased risk
patients showing no difference

4
Current Meds Impact

1

Evolution of Heart Disease Treatment

Initial Trial-no difference

Revive trial with low EF and left main
patients finding no difference

Excluded
Poor LV

LM or Prox LAD
Strongly +ETT

Excluded
Poor LV

LM 

LVEF <35%
14% Left Main Stented

New ones coming

Viability-no difference



Research-translational



Tissue damage
results from the ROS

burst.

Succinate is rapidly
oxidized upon
reperfusion.

Succinate
accumulates during

ischemia.

Glutamic acid,
aspartic acid, and

alanine are released
early.

A burst of reactive
oxygen species

occurs.

Tissue Damage
Succinate
Oxidation

Succinate
Accumulation

Amino Acid
Release

Switch to
Anaerobic

Metabolism

Metabolic Changes During Ischemia and Reperfusion

Lactic Acid
Detection

Mitochondrial
Changes

Reperfusion ROS Burst

Lactic acid is the
first metabolite
detected due to

anaerobic
metabolism.

Changes in
mitochondrial

shuttling and amino
acid transamination

occur.

Blood flow is
restored to the

tissue.

The body shifts to
anaerobic

metabolism due to
oxygen deprivation.



These amino acids reflect 
metabolic dysregulation in 

ischemia, rising rapidly due to 
disrupted energy metabolism 

in damaged myocytes

Metabolomic Markers in Heart Disease

1
High AUC indicates
strong diagnostic
accuracy for AMI.

Diagnostic
Performance

2
Elevated metabolites
predict adverse
outcomes in AMI
patients.

Prognostic
Value

AMI vs UA
Discrimination

3
Metabolites reflect
disrupted energy
metabolism in
ischemia.

Mechanism
Biomarkers for Myocyte Damage

L-glutamic acid, L-aspartic acid, and L-alanine

Mitochondrial DNA-released -

inflammation

MedComm - 2025 - Liu - Comprehensive Plasma Metabolome for Identification of Novel Biomarkers of Acute Myocardial (1).pdf

1-s2.0-S1570023221002890-main.pdf

mca-26-296 (1).pdf



Unveiling AMI's Pathophysiological Dimensions

Cellular Injury and
Oxidative DNA
Damage

Cellular damage and DNA
oxidation in AMI.1

AMI
Pathophysiological

Dimensions
2

Neuroendocrine
Stress Response

Multifaceted aspects of
AMI beyond cell death

markers.

Stress response involving
neuroendocrine system in
AMI.

3
Antioxidant System
Activation

Activation of antioxidant
defenses during AMI.



Pathway Metabolite SGLT2i Action Clinical Benefit

Oxidative Stress S-(methyl) glutathione
↑ Antioxidant defense 
(Nrf2, GPx, CAT)

↓ Myocyte ROS, protects 
myocardium

Purine Metabolism 2-Hydroxy-6-Aminopurine
↓ Purine degradation, ↓ 
uric acid

↓ Inflammatory oxidative 
DNA damage

Steroid Hormones
17α-
Hydroxyprogesterone

↓ Cortisol/aldosterone 
signaling

↓ Endothelial 
dysfunction & cardiac 
stress



SGLT2 Inhibitors' Protective Mechanisms

SGLT2 inhibitors
reduce DNA
oxidative damage
effectively.

Oxidative
Damage
Reduction

1

2
SGLT2 inhibitors
regulate metabolic
imbalances in AMI.

Metabolic
Regulation

Multifaceted
Cardioprotection

3
SGLT2 inhibitors
balance
neurohormonal
levels in AMI.

Neurohormonal
Balance

biomedicines-13-00728 (1).pdf



nikolaou-et-al-empagliflozin-in-acute-myocardial-infarction-reduces-no-reflow-and-preserves-cardiac-function-by.pdf

J A C C : B A S I C T O T R A N S L A T I O N A L S C I E N C E V O L . 1 
0 , N O . 1 , 2 0 2 5Empagliflozin and Microvascular Injury J A N U 
A R Y 2 0 2 5 : 4 3 –6 1



Crushing chest pain intermittent in last 45 minutes



nikolaou-et-al-empagliflozin-in-acute-myocardial-infarction-reduces-no-reflow-and-preserves-cardiac-function-by.pdf

JACC Basic Transl Sci. 
2025;10:43–61

JACC Basic Transl Sci. 
2025;10:43–61



Insulin-like growth factor (IGF) and epidermal 
growth factor (EGF)

Vascular endothelial growth factor A 

nikolaou-et-al-empagliflozin-in-acute-myocardial-infarction-reduces-no-reflow-and-preserves-cardiac-function-by.pdf

Significant Reactome pathways between the Control-AMI and EMPA–Pre-AMI group 2 hours 
after reperfusion

JACC Basic Transl Sci. 2025;10:43–61

Fibroblast changes

2 hrs after AMI-
Empa changes



post ami empa.pdf
EMPACT-MI 

Double-blind, randomized, placebo-controlled, event-driven trial

Randomized 6522 patients hospitalized for acute myocardial infarction at risk 
for HF on the basis of newly developed left ventricular ejection fraction of 

<45% Circulation. 2024;149:1627–1638.



Proven to reduce CV events and mortality

Statins
LDL-4S Some proven 

dietsSGLT2
Glucose

EMPA-REG 

PPAR gamma
IRIS – IR no DM

Bile acid 
type agents

GLP-1
Weight loss

SELECT

Healthy 
living

Exercise
LIMA

Powerful anti-inflammatory
Improve endothelial function

BP SPRINT 

trial & others

Mom and Dad

Weight loss 
surgery



SGLT2i Cellular Repair Mechanism

Blood Glucose
Reduction

Nrf2
Upregulation Inflammation

Reduction
Gliflozin lowers

blood glucose levels,
reducing oxidative stress

in diabetic conditions.

Phosphorylated STAT3
and activated Akt up-
regulate Nrf2, a key

antioxidant transcription
factor.

Lower oxidative stress reduces 
pro-inflammatory cytokines, aiding 

wound healing.

STAT3/Akt
Activation

Antioxidant
Boost

SGLT2i activates
STAT3 and Akt pathways,

crucial for cellular repair.

Increased Nrf2 boosts antioxidants like
glutathione and superoxide dismutase.

Front. Pharmacol., 07 September 2025
fphar-16-1678552 (1).pdf



Upregulates
antioxidant enzymes 3 4

Phosphorylated
Akt

Reduces
inflammation and
promotes repair

Nrf2

2
Wound Healing

Process

β-Catenin

5Regulates survival
signaling and
angiogenesis

Stimulates epithelial
closure

SIRT1

Promotes
inflammation and

fibroblast activation

Phosphorylated
STAT3 1 6 NF-κB

Drives inflammatory
cytokine production

Molecular Pathways in Wound Healing (inflammation)

Pro-inflammatory cytokines
(IL-6/TNF) activate 

fphar-16-1678552 (1).pdf

Atherosclerosis-ACS-Insulin resistance-metabolics



Effect of SGLT2 inhibitor on the wound healing

Gliflozin targeting STAT3 Akt/Nrf2 axis promoting diabetic 
wound healing in rat model

Front. Pharmacol., 07 September 2025

fphar-16-1678552 (1).pdf

Inflammation

80% faster healing



Important cardiovascular 
considerations 2025

Endothelial Dysfunction
and Plaque Instability

Core cause disrupting

metabolic balance

Atherosclerotic
Cardiovascular Disease

Direct consequences of
inflammation and oxidative
stress

Inflammatory and
Oxidative Pathways
Key processes driving disease
progression

Metabolic Disturbances
Initial triggers of the disease
cascade

Insulin Resistance

The ultimate outcome of the
disease

Macrophage

Pending publication: chilton

Pathophysiology of Atherosclerotic 
Cardiovascular Disease in T2DM

Inflammation



THANK YOU

Robert Chilton

2107736917

chilton@uthscsa.edu
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