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Macro and Microcirculation

Taqueti VR, Di Carli MF. J Am Coll Cardiol. 2018;72:2625-2641.



Microcirculation: structure and function
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"% Microcirculation: major site of peripheral resistance
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40% to 90% of the BP is located in the microcirculation

Struijker Boudier HAJ. J Hypertens.1992



Arterial remodeling in hypertension:

Representation of adaptive remodeling of arteries
during the development of hypertension
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RAS, SNS, inflammation

Integrated
approach to
Microcirculation
alterations in
hypertension

Form follows function
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Microcirculation in hypertension

Microcirculation

Inward eutrophic remodeling
(P media/lumen ratio

A Amplitude of and | lumen diameter)
wave reﬂectmn (Late hypertrophicremodeling?)
Impaired vasodilatation

Rarefaction

Organ M pulsatile BP ™ Mean BP
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Laurent S, et al. Hypertension. 2022;79:479-490.



Microcirculation in hypertension

-
Eye Brain
* Microvascular remodelling * White matter lesions
* Hypertensive retinopathy + Silent microinfarcts

* Microbleeds

* Brain atrophy

+ Cognitive impairment

* Vascular dementia
@ * Ischaemic stroke

+ Cerebral haemorrhage

Heart
- LVH - Large and medium
- ﬁ and LV dilatation arteries

« Atherosclerosis
+ Vascular calcification
- Arterial stiffness

* Obstructive and
non-obstructive CAD

* Myocardial Infarction

* Diastolic and/or systolic
heart failure

Microcirculation

Kidney

» Glomerular arteriolar
hypertension

+ Endothelial dysfunction
* +Vasoreactivity
* Vascular remodelling

. Glomerulosclerosis - Fibrosis and inflammation
» Albuminuria/Proteinuria - % Peripheral vascular
-} GFR resistance

See footnote for information on sex-differences

- @ESC—

McEvoy JW, et al. Eur Heart J. 2024;45:3912-4018.



Capillary rarefaction in HT humans

Normal Hypertension
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Rarefaction: facts in hypertension

v'429%0 rarefraction increases tissue
flow resistance

v 20% reduction in hypertensives
(nailfold)

v'Relation to M/L

v'Prognostic role?




Normal pattern (A)
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Normal pattern (B)
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Media to Lumen ratio

Hypert/@Eaa

remodeling
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Figure 1. Schematic drawing depicting eutrophic remodeling and hypertrophic remodeling of
resistance arteries in hypertension. Eutrophic remodeling corresponds to a greater media thickness, a
reduced lumen and external diameter with increased media-to-lumen ratio (M/L), without any
significant change of the total amount of wall tissue, as indicated by an unchanged media cross-
sectional area (MCSA). There is a rearrangement of the same amount of wall material around a smaller
vessel lumen without net cell growth (inspired by figure in Ref. 14).

Laurent S, Boutouyrie P. Circ Res. 2015;116:1007-21.



Small-artery structure and arterial stiffness

O essential hypertension Age, MAP and M/L predictors
© essential hypertension and
diabetes mellitus type 2 O of c-f PWV

154 @ secondary hypertension

c-f PWV and M/L predictors of

g 13 central SBP
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g

5 < o0 o)

r=0.45, P<0.001

| | | | | | | |
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Vascular damage at macro-and micro level correlate. M/L increase contributes to
central BP augmentation by heightening wave reflections

Muiessan M, et al. Hypertension 2013



(. Small-artery structure and renal function
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M/L, SBP and DM at baseline prognosticators of renal function
change overtime (9 years) in 60 subjects

Boari G, et al. J Hypertens 2010



YR Prognostic role of small-artery structure in hypertension:
" Moderate risk pts

1.0 4
© v'M/L of subcutaneous
> small arteries potent
B predictor of CV events in
92’ 0.5 - moderate-risk population
()
g | | M:L <0.098 v'Even after adjustment
o P
W — ML 0,098 for Heart Score 5|_m|Iar
power of prognosis
0 7t ] | 1 1
0 2000 4000 6000
Hazard ratio 95% confidence int. P value
M:L>0.083 2.19 1.04-4.64 0.040
Heart Score > 4% 2.22 1.08-4.57 0.029
M:L>0.098 2.20 1.06-4.56 0.030
Heart Score > 4% 2.12 1.03-4.38 0.042

Mathiassen O, et al. J Hypertens 2007
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Current Vascular Pharmaceology, 2015, 13, 000-000

f 'g}MicrocirculatiUn in Hypertension: An Update on Clinical Significance and
Therapy

- * - - - . - . - - - . . . .
Costas Tsioufis® . Kyriakos Dimitriadis®. Niki Katsiki® and Dimitris Tousoulis®

“First Cardiology Clinic, University of Athens, Hippocration Hospital, Athens, Greece; ®Second Propedeutic
Deparmment of Internal Medicine, Medical School, Aristotie University of Thessaloniki, Hippocration Hospi-
tal, Thessaloniki, Greece

Reference Patients | Average duration Method of microcirculation Outcome
(n) of follow-up assessment
Rizzom D, et al. [20] 128 5.4 years Biopsy of subcutaneous fat (M/L M/L>0.098 related to CV events (RR=2.31, 95%
estimation of small resistance arteries) CL 1.15 to 4.64; p=0.015 by the Mantel-Cox

test, p = 0.036 by the Breslow test)

De Cruceis C, ef al. [23] 303 6.9 years Biopsy of subcutaneous fat (M/L Significant higher meidence of C'V events in those
estimation of small resistance arteries) with M/L>0.098
Mathiassen O, et al. [24] 139 10 years Biopsy of subcutaneous fat (M/L M/L >0.098 related to C'V events (HR =2.49,
estimation of small resistance arteries) 95% CI1.21-511;p<0.05)
Rizzoni D, et al. [25] 90 5.5 years Endothelial function by estimation of No relation of acetylcholine-induced vasodilata-
vessel responses to acetylcholine and tion of subcutaneous small arteries with CV

sodmum nitroprusside events




Normal Structure and Function of Coronary Macro- and Microcirculation
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Abnormal Structure and Function of Coronary Macro- and Microcirculation

Focal atheroma Intimal thickening { Capillary density
Diffuse atherosclerosis Smooth Muscle Cell (SMC) { Capillary diameter
Coronary remodeling thickening Capillary obstruction
SMC proliferation
Perivascular fibrosis
Function l l ‘ A 5
= Molecular Mechanisms
» N NO ET-A-~ETa ETe
f t 1 Impaired EDHF  Prostaglandin H2
Vasoconstriction Vasodilatation Prostacyclin  Thromboxane
~% SMC dysfunction = Endothelial cell
=% Endothelial dysfunction

Taqueti VR, Di Carli MF. J Am Coll Cardiol. 2018;72:2625-2641. \—/ \/



NHS Chest Pain Clinics ~1 million p.a, £1 billion costs
\

Diagnostic test e.g. CTCA

i_l_$

Blocked No obstructive
coronary arteries coronary lesions

2in5
(400,000)
may have Small
Vessel Disease

|

NHS - no specific tests
* Diagnosis & treatment
sub-optimal
* 50% reattend hospital
<UL « x27 risk CV death / MI

Colin Berry, 06.2020
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CORONARY INTERVENTIONS - MINI FOCUS ON ISCHAEMIA WITH NON-OBSTRUCTED CORONARY ARTERIES
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Escaned J, et al. Eur Heart J 2020
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SYSTEMATIC REVIEW AND META-ANALYSIS t’

Association of Isolated Coronary Microvascular
Dysfunction With Mortality and Major Adverse Cardiac
Events: A Systematic Review and Meta-Analysis of
Aggregate Data

Mark A. Gdowski, MD; Venkatesh L. Murthy, MD, PhD; Michelle Doering, MLS;
Andrea G. Monroy-Gonzalez, MD; Riemer Slart, MD, PhD; David L. Brown, MD

J Am Heart Assoc. 2020;9:e014954. DOI: 10.1161/JAHA.119.014954



o
Study name Statistics for each study Hazard ratio and 95% CI
C M D Hazard Lower Upper
ratio limit limit Z-Value p-Value
Marks 7010 2743 17917 4067 0.000
Herzog © 2860 1241 6593 2466 0014 ——
Cortigiani * 3310 2291 4782 6376 0.000 .

M Ol'tallty Total 3619 2446 5354 6437 0000 &

0.01 01 1 10 100

X4 T SE

Study name Statistics for each study Hazard ratio and 95% CI

Hazard Lower Upper
ratio #mit limit Z-Value p-Value

Herzog 160 100 25 195 005 i

Cortigiani Men ~ 623 342 1134 599 000 B

Cortigiani Women 1648 717 3786 660 0.00 -/

MACE Ziadi * 240 137 421 306 000 P

Lowensten © (CFR1.75-199) 280 119 8657 237 0.02 ——

Lowenstein ® (CFR 15-174) 470 199 11.12 352 0.00 —R—

Lowenstein © (CFR <1.49) 540 250 1168 428 000 T
x5 Dikic * 1290 388 4310 415 000 ——

Gan * 302 151 604 313 000 ——

Lee © 499 210 1188 363 000 —

Total 442 279 701 633 000 &>

Gdowski, Brown. JAHA 2020 oot o1 1 0 1w

Colin Berry, 06.2020 No CMD CMD



@ E S C : European Heart Journal (2021) 00, 1-15 META-ANALYSIS
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Coronary flow reserve and cardiovascular
outcomes: a systematic review and meta-analysis

Mihir A. Kelshiker @ 'T, Henry Seligman @ 'T, James P. Howard ® ',
Haseeb Rahman © ', Michael Foley © 1 Alexandra N. Nowbar',
Christopher A. Rajkumar’, Matthew ). Shun-Shin @ ', Yousif Ahmad © 2,
Sayan Sen', Rasha Al-Lamee', and Ricardo Petraco'#; on behalf of the
Coronary Flow Outcomes reviewing committee’
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Graphical Abstract

Normal coronary flow reserve (CFR) is strongly associated with a

reduced risk of death and major cardiovascular events (MACE)

Mortality (16 studies, HR 3.78
8446 subjects) I =
MACE (60 studies, HR 3.45
35498 subjects) [ —
-1 0 1 2 3 4 5 6
Hazard ratio
< »
Favours abnormal Favours normal CFR
CFR

A systematic review and meta-analysis of 79 studies and 59740 individuals
across multiple modalities of CFR measurement.



MECHANISMS OF INOCA

[ Ischaemia with non obstructive coronary arteries (INOCA) ]

| Coronary Micrevascular dysfunction (CMD) : i_ “smpajﬂ: angina (W5A) ,' I Atherosclerotic disease -

Coronary oY Eplcardial gt \
microcirculation " . coronary artery -
E Y
l ~ "'MH / \
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Impairs coronary physiclogy and myocardial bloed Transient vasospasm Persistant Stable plague Vulnerable plague
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u b= Prinzmetal angina Myoccardial infarction Reduction in FFR Plague rupture
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Causes microwascular angina
and contributes to
rmiyecardial ischaemia in
CAD

&

Aoute coronary
I MNon-obstructive coronary atherosclerosis is freguently present. | “"dm“m

These mechanisms can overlap

EHJ(2020), EAPCI Expert Consensus Document on INOCA
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European Society dni:10.1093/eurhearti/ehaal91 ACC.20
of Cardiology

Hypertensive coronary microvascular
dysfunction: a subclinical marker of end organ
damage and heart failure

Wunan Zhou'?, Jenifer M. Brown © 3 Navkaranbir S. Bajaj @ 4 Alvin Chandra®,
Sanjay Divakaran © *, Brittany Weber?, Courtney F. Bibbo?, Jon Hainer © 2,
Viviany R. Taqueti??, Sharmila Dorbala @ 23, Ron Blankstein??, Dale Adler ® 3,
Patrick O’Gara © 3, and Marcelo F. Di Carli®**

>
m
(@)

-12

=
. ® Standardize B=-0.20, p= 0.011*
L

14
15

-18
Average E/e’

Global longitudinal strain
10

-18

2 3
Corrected MFR (ml/min/g)

20

2 3
Corrected MFR (ml/min/g)

Standardize B=-0.29, p=<0.001*

i 2 3 4 5
Corrected MFR (ml/min/g)

Zhou W et al . Eur Heart J 2020
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Median Annualized Rate of Heart Failure Hospitalization

Adaptive Maladaptive Maladaptive Mormal Efe” and Abnormal Efe’ or  Abnarmal Efe’ Mormal GLS and Abnormal GLS or Abnormal GLS and
remodeling and remodeling or  remodeling and normal MFR abnormal MFR and abnormal normal MFR abnormal MFR  abnormal MFR
normal MFR abnormal MFR  abnormal MFR MFR

Zhou W et al . Eur Heart J 2020



Microvascular Dysfunction in Heart
Failure With Preserved Ejection

?frontlers Fraction

in Physioloay
Domenico D’Amario™, Stefano Migliaro’®, Josip A. Borovac=, Attillo Restivo’,

Rocco Vergallo’. Mattia Galli’, Antonio Maria Leone’, Rocco A. Montone’,
Giampaolo Niccoli’, Nadia Aspromonte’ and Filippo Crea’

COMORBIDITIES EARINOMYCGEYTE ¥ Nitric oxide e
Obesity/metabolic syndrome (secondary cardiomyocyte injury) V¥ Vvasodilatation i
Arterial hypertension I
Obstructive sleep apnea

Diabetes mellitus
Physical inactivity
s X w

COPD
AN Vasoconstriction

Iron deficiency

Endothelial-mesenchymal transition AN Stiffe of the LV

(EndoMT) & A Co zation

W cGMP in the myocyte
¥ Titin phosphorylation

-t AN Microvascularischemia
HFPEF A Increased concentric LV
remodeling

S = =
A \. —3 g

<& ENDOTHELIAL CELL
A hs-CRP (primary injury to microvessels)
Microvascular inflammation phenotype

IL-1R, TNF- e = o
: GDF-15 sS"(:-Z — Endothelial activation

D 'Amario et al Front
Physiol. 2019



MVD In HFpEF

Prevalence and correlates of coronary
microvascular dysfunction in heart failure with
preserved ejection fraction: PROMIS-HFpEF

Sanjiv J. Shah”’. Carolyn S.P. Lamz‘sf, Sara Svedlund‘, Antti Sarastes, Camilla Hageb,
Ru-San Tanz, Lauren Beussink-Nelson', Maria Lagerstrom Fermer7,
Malin A. Broberg’, Li-Ming Gan”'®%*, and Lars H. Lund®*
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Systemic Endothelial Dysfunction

Take home figure Heart failure with preserved ejection fraction—systemic endothelial dysfunction, coronary microvascular dysfunction, and
longitudinal myocardial dysfunction. Heart failure with preserved ejection fraction is associated with a high prevalence of longitudinal fibre (subendo-
cardial) myocardial dysfunction, coronary microvascular dysfunction, and systemic endothelial dysfunction.

Published on behalf of the European Society of Cardiology

EHJ 2018

Largest prospective multicenter study
of CMD in HFpEF

High prevelance (75%) of CMD in
HFpEF in the absence of
unrevascularized macrovascular CAD

CMD is associated with HF severity (1
NT-pro-BNP), systemic endothelial
dysfunction ({, endoPAT RHI, > UACR
) cardiac dysfunction (J,LV,LA,RV
strain)

Microvascular dysfunction may be a
promising composite risk marker and
therapeutic target in HFpEF
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Low coronary flow relative to myocardial
mass predicts heart failure in symptomatic
hypertensive patients with no obstructive
coronary artery disease

Jenifer M. Brown © 1.2t Wunan Zhou ® %31, Brittany Weber © 1.2

Sanjay Divakaran @ 2, Leanne Barrett ® %, Courtney F. Bibbo?, Jon Hainer © 2,
Viviany R. Taqueti @ %, Sharmila Dorbala'?, Ron Blankstein'%, and

Marcelo F. Di Carli'"?*



Graphical Abstract

Do
AR /

Population: 346 patients
with hypertension and chest
pain or dyspnea but no
obstructive epicardial CAD.
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(Preserved Flow/Mass Ratio)

LV Structure/Function
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HR 2.47 (95% Cl 1.24-4.93) e L,
P<0.001

= Preserved Flow/Mass Ratio
Low Flow/Mass Ratio

162 140 2
25 50
Years of Follow-up

775 100

Insufficient myocardial perfusion to match global metabolic demand, as measured by a myocardial perfusion to global left ventricular mass ratio, character-
izes symptomatic patients with hypertension at risk of future heart failure and may help to understand the progression from hypertension to hypertensive

heart disease. CAD, coronary artery disease; Cl, confidence interval; LV, left ventricle; HR, hazard ratio.



Low coronary flow relative to myocardial mass predicts HF

3329

A. Heart Failure Hospitalization - 44 Events
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Figure 2 Kaplan—Meier survival curves are shown for heart failure hospitalization (A), all-cause death (B), and the composite of heart failure hospi-
talization and all-cause death (C), with patients categorized by preserved vs. low flow/mass ratio (> vs. <sex-specific median) over a median follow-
up of 7.2 years for heart failure hospitalization, 8.9 years for death, and 7.3 years for the composite outcome.
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Non-interventional methods

* Transthoracic Doppler echocardiography — TTDE
* Well validated with prognostic studies

* Positron emission tomography — PET
* Well validated with prognostic studies

* MRI

* Not standardized for clinical use, no follow-up studies

* CT perfusion

* Not standardized for clinical use, no follow-up studies

* Myocardial contrast echocardiography
* Not standardized and no follow-up studies



How to do echo CFR?

Localize LAD with colour Doppler - high
frequency transducer

PW Doppler — diastolic flow

Induce maximal
hyperemia with
adenosine or
dipyridamole
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Invasive Evaluation of INOCA

! Step 1: Coronary angiography & LVEDP i

e e e e e e e
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MNormal Mild Moderate™
0% = 50% 50 - 80%
L J
o _____C o _______________
IL Step 2: Diagnostic guidewire and Adenosine test [
FFR + l"_"l-‘ft + IMR*
| |

FFR > 0.8 FFR > 0.8

CFR = 2.0 CFR< 2.0

IMR < 25 IMR = 25

Mo Coronary Microvascular

1
]
Dysfunction Present i_ Present

1.No or <90% 1. = 90% 1. No or < 90% or

diameter diameter = 905 diameter
reduction reduction reduction

2.No angina 2. + angina 2. + angina

3.No ischaemic 3. + ischaemic 3. + ischaemic ECG
ECG changes ECG changes changes

E Epicardial ! Ir i | Microvascular |
| Vasospastic | :1 ! | And Epicardial |
i_ Angina VT T T E_Va sospastic Angina :

INOCA ENDOTYPES

EAPCI Expert Consensus Document on INOCA. Eur Heart J 2020




Functional Coronary Microvascular Disease

Increased

e INOCA
o T Pathophysiology

) ) r
s I Simplified

NOS
dysregulation?

Structural Coronary Microvascular Disease

eNOS dysfunction?

|

O CFR<2.5
hMR22.5
(IMR>25) / \

Perivascular
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thickening
VSM

hypertrophy Capillary
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Normal Structure and Function of Coronary Macro- and Microcirculation

Epicardial Arteries Pre-Arterioles Arterioles Capillaries
>400 pm 100-400 pm

Coronary
macro-
and

Structure

° Conduit vessels Metabolic control and regulation Exchange vessels
of flow distribution

",Icro— Function _
£ 5%
@ 100 20%

° ° § 80

Z 60 60%

Circuiation fo
g 20 Epicardial arteries Pre-arterioles Arterioles Capillaries

o

Abnormal Structure and Function of Coronary Macro- and Microcirculation

Focal atheroma Intimal thickening { Capillary density
Diffuse atherosclerosis Smooth Muscle Cell (SMC) { Capillary diameter
Coronary remodeling thickening Capillary obstruction
SMC proliferation
Perivascular fibrosis
Function l l ‘ A 5
= Molecular Mechanisms
» N NO ET-A-~ETa ETe
f t 1 Impaired EDHF  Prostaglandin H2
Vasoconstriction Vasodilatation Prostacyclin  Thromboxane
~% SMC dysfunction = Endothelial cell
=% Endothelial dysfunction

Taqueti VR, Di Carli MF. J Am Coll Cardiol. 2018;72:2625-2641. \—/ \/



»Female 55 vy

History
* Anxiety disorder

* Uncontrolled hypertension with 3 drugs
* Dyslipidemia

 Smoker

* Obese

* Dyspnea and chest pain on exertion
» Stress Echo (+) for ischemia of the inferior wall
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Co rooe nti s Home  CoroFlow v  Clinical Data About Support Contact

Measurements indepth A Home

Methods for assessing coronary circulation

IMR = Resistance (au) VJL Micro-circulation only

\

FFR/RFR
Epicardial disease only

A Absolute Flow/Resistance

Quantifiable assessment of microcirculatory
Flow and Resistance in S| units

(

- D,

\ )

|
CFR = Flow at rest vs Flow at Hyperemia (auv) L —J_;Affede.d bye lccu:dnal AND
» micro-circulatory disease



|
Management of INOCA
1. Lifestyle factors
< B .
(& & [ X
Mutrition Exercise Weight manq;rnent Smoking cessation

2. Risk factor management

3. Antianginal ma:ll:ltlnnj

\

.
!_ Microvascular angina Iﬂl Consider statins and
____________________ 1 ACEIfARE

. Betablocker
. Calcium channel blocker
. Nicorandil

. Ranolazine
. Ivabradine
. Trimetazidine

y. \

Coping with stress

% - G50 Fric

Hypertension Dyslipidaemiz Diabetes mellitus

1. Calcium channel blocker
2. Long-acting nitrate
3. Nicorandil

EAPCI Expert Consensus Document on INOCA

. Eur Heart J 2020



Randomized trials in CMD

T ———

calcium
1985 Cannon 26 patients syndrome x antagonist placebo improved exercise duration
improved exercise duration
1988 Romeo 30 patients syndrome x verapamil acebutolol with both therapies
improved exercise duration
1999 Leonardo 16 patients syndrome x atenolol trimetazidin with intervention
improved exercise duration
1994 Kaski 10 patients reduced CFR enalapril placebo with intervention
improved exercise duration
2004 Pizzi 45 patients syndrome x ramipril/statin placebo with intervention
NOCAD and CFR improved CFR with
2011 Laury 78 patients <3.0 quinalapril  placebo intervention
microvascular improved exercise duration
1997 Chen 13 patients angina nicorandil placebo with intervention
NOCAD, CMR
2011 Methta 20 patients with ischemia ranolazine placebo less angina with intervention
NOCAD and CFR ranolazine / improved exercise duration

2013 Villano 46 patients <2.5 ivabradine  placebo with ranolazine



Drug interventions in small artery structure: Data so far

Mo, of B as=al T MRS

Reference Drug patients PASL () (i) L Y

Diuraetics =33
Sihm et al. [<40] Hydrochlorotiazide =25 =Tl 8.50 — 1 .20
Savoia ef al [47] Epleranona =58 875 F.50 —1 .25
Ml =am oD D23 800 — 1 .23
S D O.&a7F O.F1 OO

Calcium--chanmnmeael blockaers =45
Schiffrim et al. [B385] MNifedipine rr=— 10O .5z S.71 —1.81
Sihm et al. [«40O] Isradipine =25 10.90 8.80 — 2 10
Schiffrim ef al [43] Armlodipine ri=— 10 720 S.80 — 1.1
W F=F=T g 877 Fo1O — 1 .68%
SD 1.85 1.57 o517

A E imhibitors =79
Schiffrin e a/. [34,35] il a=april =9 s 5. G4 — 2 OO
Sihm et al. [3a] FPerindopril n =223 = Il .50 — 2 20
Thybo et al [37] FPerindopril =13 =1 § 5. 96 — 1 .98
Rizzoni et al. [39] Lisimno pril =14 10.50 S.40 — 210
Buus et al [«44] Perindopril =13 28.05 .54 — 1.1
Rizzoni et al. [45] Enalapril n="17 11.70 9. 20 — 2. .50
M e=anm D D27 F.=Z:1 —1.9%
SD 1.65 1 .40 o I Mo R

Angiotensin-receptor n =<2

blockaers

Schiffrim et af. [«41] Losartamn m=—9 8.40 5. 70 — 1 .70
Schiffrim et alf. [42] Irbesartan =11 8.80 (S NS — .34
Riz=coni =t al [45] Candesartan n =8 10.80 9. 10 — 1. FO
Savoia ef al [45] WValsartan rr=— 14 10.80 .00 — 2 80
Meanm D T F.5ev — 2.1 4
SD 1.2 1.23 (o TS B

B-blockaers n— 95
Schiffrim et a/l. [B34,35] Atenalol =8 8. 23 S8.00 — Q.23
Thybo et af [Z7] Atenoalol =12 b -t (ST =] — 035
Schiffrim et alf [B385] Adernoalol = 10 .52 .32 — .20
Schiffrim et a/. [41] At ernolol = 10 8. .30 8.80 O .50
Schiffrim et al [42] Aternolol =11 .80 8. 44 — 0.3
Schiffrim et a/l. [43] At ernolol =9 =2 .50 F.o20 — SO
Buus et al [«44] Atenoalol rr— 14 8.05 .65 — DD
Savoia ef al [4&] Aternolol =144 1. FO 1000 —D.FTO
Savoia et al [47] Aternolol =8 8.75 F.50 —1 .25
Ml =am 8. 44 S804 — DA
S D 1.01 O .94 O A7

Agabiti-Rosei E, et al. J Hypertens 2009



Changed Value of CFR

CFR and optimal BP control

F<0.01

1.0 P <005 P<0.01

Hypertensve Prehypertensive  Normal
aroup qroup group

Changed VYalue of CFR

10—

06 —

: I

|"'||{.'-I'I'r'l.-’.I|

NS 10— P=004

Ingn;u Maormal - l Mormal -EEF*-mgnm Mormmal -DBF-lowe
gq}up gu}up- group group

Mizuno R, et al. Hypertens 2012



Wall-to-lumen ratio

Wall-to-lumen ratio
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& Antihypertensive therapy and microvascular structure

in hypertension

Central PP(mmHg)

Central PP (mmHg)

60 -
55 -
50 4
45 -
4(]_
35 -
30 4
25 -

. |:| Basal
. Lercanidipine (4 weeks)

Lercanidipine + enalapril
(24 weeks)

* D Basal

. Lercanidipine (4 weeks)

. Lercanidipine + hydrochlorothiazide
(24 weeks)

De Ciuceis C et al. J Hypertens 2014



Antihypertensive therapy and microcirculation

(a) Placebo
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1.5 -
*
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@ 1 [
o
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E
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I
£
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1.5 1

0.5 -
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100 -
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25 1
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Neglia D, et al. J Hypertens 2010



Effects on rarefaction
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E |:| Basal
© 100
2 . Lercanidipine (4 weeks)
© P
©
E 80 Lercanidipine+enalapril
— (24 weeks)
=
=
ﬂ? I
mE 140
(=
) Basal
2 120 I:I
ks
= . Lercanidipine (4 weeks)
T 100
E . Lercanidipine + hydrochlorothiazide
2 80 - (24 weeks)
£
=
Z 7
60 L™

De Ciuceis C et al. J Hypertens 2014



"e.2016

Effects of antihypertensive combinations on SNS activity

0,00 . ; ) 0,00 - ._ : , _
=5,00 1+— — — - I 1,00
-10,00 - -2,00 -
-15,00 - -3.00 -
-20,00 - 400
| B Lercanidipine [Enalapril

8

Changes in BP (mmHg)

Changes in MSNA (bursts/min)
o L
8 2

-25,00

B Lercanidipine /e nalapril =5,00
B Amlodipine/enalapril e g
drochlorothiazide/e nalapril S
30,00 - e i Hydrochlorothiazide/€nalapril

Office-SBP  Office-DP8  24H-SBP  24H-DBP -6,00

Figure 2. Changes in office and ambulatory blood pressure at 3 months.
Abbreviations. BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic
blood pressure.

After placebo 1 menth 3 months

Figure 5. Changes in muscle sympathetic nerve activity (MSNA) from baseline.

K. Tsioufis, et al. Curr Med Res Opin 2016
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SGLT2 Inhibitors

A e t——
@05% e e
TR Well-arranged T

F-actin
Cp ™) @

@ _ Monocytel
@ W adhesion

‘/

VCAMA ¢ 1cAMA } Endothelial celll

senescence
eNos 1
&)
oD

Mitochondrial l
fission (with Drp1)

(

— e

. . Cytokines l

P
'
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SGLT2 Inhibitors Empaglilozin and Dapagliflozin

Effects on the endothelium and the microcirculation

Preclinical " Clinical
Studies Studies
T Vasodilation
t NO Production t el
SGLT2 Inhibitors
improve
t Mitochondrial Homeostasis endothelial and ' RHI
microcirculatory
T Endothelial Cont Viabiity function $ aia
' Angiogenesis
l Oxidative Strass ol bsterd
these effects
1 Inflammation

Dimitriadis K, ...Tsioufis K. Eur Heart J Cardiovasc Pharmacother 2023
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RDN and renal microcirculation in animal model
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Tsioufis C, Papademetriou V, Dimitriadis K, et al. Int J Cardiol 2013



ment Reduces Events In Ngnp_bst_!!/txgt veC!

e

Department of Defense

I Clinically Stable! Women with Symptoms? of Ischemia |
1

- Nonobstructive CAD? by . | n
H=lall Invasive Coronary Angiogram or CCTA EEoNmDI |
[ RANDOMIZE 1:1 PROBE Design |
INTENSIVE MEDICAL TREATMENT USUAL MEDICAL CARE

Strategy (IMT)® Strategy (UC)¢
n=2211 n=2211

Average Follow-up 3 Years
Primary Outcome: First occurrence of Death, MI, Stroke, or Hospitalization for HF or Angina

Congressionally Directed Medical Research Pr

CDIVIRP
INTENSIVE MEDICAL Strategy (IMT)
N=2211
| |
I I

I Aspirin Lipid Lowering I I Maximally Tolerated RAS Blockade I
1

I Intensive Statin I

ACE Inhibitor
Tolerant

Atorvastatin
Tolerant

Atorvastatin Rosuvastatin Lisinopril Losartan
WA R R I 9 R 10/20/40/80 mg 5/10/20/40 mg 10/20/40/80 mg 25/50/100 mg
PO QD #90 PO QD #90 PO QD #90 PO QD #90
Refills: 3 Refills: 3 Refills: 3 Refills: 3




The BHF

-CTC®

The BHF CORonary Microvascular Function
and CT Coronary Angiography Trial:

Trial Rationale and Design Biitiah fleart
Foundation
CTCA for Invasive
suspected coronary Randomization Management Outcomes
angina angiography

Intervention
n =125

Stratified
medicine

No obstructive
CAD

SETTING

| COMMUNITY |

Enrolled
n =

250

Health status
PROMS

Angiography

guided

Screen CTCA referrals in 3 hospitals

1

Angina (typical or atypical)

1

|
|
(
[

| ———

) <

EXCLUSION

45%: no history of angina

10%: no angina

25%: decline to participate

RADIOLOGY Enrolment with informed consent J 30%: obstructive CAD
DEPARTMENT ' :
<20%: relevant incidental findings
No obstructive CAD or _ .
alternative explanation for angina »  20%: declined angiography
4 Coronary angiogram & )
Tests of coronary vascular function
Coronary guidewire — FFR, IMR, CFR
Pharmacological tests — ACh (104, 105, 10°® M), ACh 100ug, GTN 300
CATHETER = ( g2 ) - e ¥
LABORATORY | - s n
Intervention group Control group
n =125 n =125
f B

COMMUNITY

Patient reported health status at 6 and 12 months
Electronic record linkage for long-term follow up
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Referral outpatient
clinical program

Second opinion by the expert team
Standardised medical treatment
Personalised medical treatment
Multi Disciplinary Consuitation

Experienced cathlab team
Standardised protocol

Measurements vasospasm-CFR-HMR

Endotyping patients

Integrated
approach to
INOCA

Referral Expert
team

INOCA expert team

Interventional cardiologists
(Imaging) cardiologists
Nurse specialist

Physiotherapist & psychologist
Research team incl. PhD students

Educational program

Refening centers and trainees
ESC INOCA concensuspaper 2020
Dutch guideline INOCA 2020

Latest results studics

Medical treatment

Utestyle

(e




Several visits

[ First visit cFr | i
=T Lifestyle coach &
Second opinion Op;;r:c::;:on Treatr.nent rethiIitation
p according to program
treatment endotype
- b b, | Back to
[ _Expertise INOCA center l = ll/ cardiologist
—& @ -@—

B

Medication already used
Intolerance an/or no effect
CV risk factors
Female-specific & migraine
Rheumatic disease

Participation in clinical trials-registries

Abnormal Abnormal
vasodilation vasoconstriction




Conclusions

* MD should be evaluated in the setting of hypertension

* MD is related to worst prognosis, HF pathophysiology and INOCA in

hypertension

* Diagnostic interventional approach is key to successful diagnosis and

phenotyping

* Research is needed to address modern optimal management in this high-risk

hypertension setting, including INOCA pts

* The new “targeting” of MD equals “targeting” better prognosis in hypertension
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