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Vascular Disease; Function and Structure :
Macro and Microvascular Disease
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Blood Vessels : structure
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Definition ( vessel size, 0.5 mm or 1mm)

« Macrovascular disease Is a disease of any large
(macro) blood vessel in the body. It is a disease of the
large blood vessels, including the coronary arteries,
the aorta, and the sizable arteries in the brain and in

the limbs.

« Microvascular disease Is an angiopathy affecting
small blood vessels (the small arteries , arterioles,
venules, and capillaries) in the body.
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Pathology
» Macrovessel disease » Microvascular disease
— Atherosclerosis (plaque) — Aurteriolosclerosis
— Arteriosclerosis — Aneurysms

(thickening and hardening of
arterial walls)

— Aneurysms

— Hemorrhage
— Neovascularization
— Obstruction

Tunica externa ———
Plaque 4

Tunica media
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Macrovascular disease
Atherosclerosis : pathogenesis

Smooth muscle cells £~

Source: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo J: Harrison’s
Principles of Internal Medicine, 18th Edition: www.accessmedicine.com
Source: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo J: Harrison’s

Copyright © The McGraw-Hill Companies, Inc. All rights reserved. Principles of Internal Medicine, 18th Edition: www.accessmedicine.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

From: Chapter 241. The Pathogenesis, Prevention, and Treatment of Atherosclerosis
Harrison's Principles of Internal Medicine, 18e, 2012
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Macrovascular disease

(Arteriosclerosis: pathogenesis)

Endothelial Cells :
Endothelial dysfunction
Increased permeability

Media
VSMC, collagen,
AGE s, MMP
Elastin

Intima:
collagen, AGEs, M |
leukocytes, |—CAM.
MMP, TGF— , VSMC
Elastin

Adventita :
collagen, fibroblasts

Extrinsic Influences : NaCl, lipids, angiotensin, sympathetic
neurchormones, shear stress, increased luminal diameter




Microvascular disease

Blood pressure
Obesity, genetics

Autonomic dysfunction

Insulin resistance
Estrogen deficiency
Diabetes, Uric acid

Structural changes
Inflammation
remodeling

Functional changes

Endothelial
dysfunction

vasoconstriction

v

T Media/lumen ratio

Total pe

ripheral vascular resistance T

. . )
Structural and functional change of microvessel |

characterized by intimal thickening,
vascular smooth muscle cell proliferation,
and extracellular matrix deposition,
resulting in an increase in the media to
lumen ratio, and later by the replacement
of the vascular smooth muscle cells by
areas of fibrosis and cell loss.
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Microvascular disease ( UACR) and metabolic factors

Korean Genome and Epidemiology Study on Atherosclerosis Risk of Rural Areas
In the Korean General Population (KoGES-ARIRANG)

[ 10,114 individuals (KOGES-ARIRANG: baseline survey) }

Excluded

Not available for urine albumin/creatinine
CVD, renal failure at baseline

Incomplete data

A 4

6,489 individuals

Men = 2,653/ Women = 3,836

Men Women
Metabolic syndrome: Metabolic syndrome:
129 (17.4%) 183 (19.3%)

ARIRANG invited adults aged 40 to 70 years in rural areas of Wonju, Pyengchang, Keumsan, Naju, and Kangreung in Korea
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OR (95% CI)

Men (n=2653)

UACR at baseline

Metabolic syndrome
High WC
Low HDL cholesterol

High TG

<5.00

1.00

1.00

1.00

1.00

5.00-8.98
1.19 (0.91-1.56)
1.07 (0.77-1.49)
1.14 (0.90-1.44)

1.39 (1.10-1.75)

8.99-18.11
1.29 (0.99-1.69)
0.92 (0.66-1.29)
0.99 (0.78-1.26)

1.48 (1.17-1.86)

>18.12
1.87 (1.43-2.45)
1.15 (0.83-1.60)
0.77 (0.61-0.99)

2.05 (1.62-2.59)

High blood pressure

High fasting glucose

1.00

1.00

1.17 (0.93-1.47)

1.33 (1.01-1.76)

1.48 (1.17-1.88)

1.75 (1.33-2.29)

2.34 (1.81-3.03)

2.12 (1.61-2.79)

Women (n=3836)

UACR at baseline

Metabolic syndrome
High WC
Low HDL cholesterol

High TG

<6.52

1.00

1.00

1.00

1.00

6.52-11.29
1.41 (1.14-1.74)
1.17 (0.91-1.51)
1.22 (1.01-1.47)

1.40 (1.13-1.73)

11.30-20.25
1.79 (1.45-2.21)
1.14 (0.88-1.47)
1.32 (1.10-1.60)

1.56 (1.27-1.92)

>20.26
1.90 (1.54-2.35)
1.18 (0.90-1.53)
1.16 (0.96-1.41)

1.86 (1.51-2.30)

High blood pressure

High fasting glucose

1.00

1.00

1.23 (1.02-1.49)

1.07 (0.82-1.40)

1.60 (1.31-1.94)

1.09 (0.84-1.42)

2.11 (1.72-2.59)

157 (1.22-2.02)

OfH
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{a) Women {b) Men

Odds Ratios (95% Confidence Intervals)
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Disease

« Macrovessel disease « Microvascular disease
« Three common type — Cardiac syndrome-X
— Coronary artery — Diabetes (_nephropathy,

neuropathy, retinopathy)

— Hypertension-related
small vessel diseases

— Cerebral amyloid
angiopathy

— Cerebrovascular
— Peripheral ( in the limb)



Coronary artery disease

Focus on microvascular disease
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Coronary Arterial System
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Epicardial coronary
artery (>500um);
conduit or conductance
vessels

Prearteriols &
Arterioles (<500um);
resistive vessels
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rich microvascular network ¢+ £ 1}
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Coronary macro &microvascular disease

Heart

0 Small Coronary
Artery Network
(Microvasculature)

o
e

Abnormal A —\— Plague or tightening/relaxing
blood flow - i of the blood vessels

Normal Artery

Damaged
lining of e
i artery & §

Microvascular
isease

Figure A shows the small coronary artery network (microvasculature), containing a normal artery and an artery with
coronary MVD. Figure B shows a large coronary artery with plaque buildup.



Angina

Abnormal SPECT
No obstructive CAD

Abnormal coronary reserve
And elevated LVEDP

Diffuse atherosclerosis by
IVUS

Women

Galli M et al. Circulation. 1999;99:1774

Copyright © American Heart Association, Inc. All rights reserved.
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Primary Coronary Microvascular Dysfunction

Definition of Cardiac Syndrome X

— Typical stable angina, exclusively or predominantly induced by effort
— Findings compatible with myocardial ischemia/CMVD on diagnostic investigation
« Diagnostic ST-segment depression during spontaneous or stress-induced myocardial
scintigraphy or
» Reversible prefusion defects on stress myocardial scintigraphy or,
» Documentation of stress-related CBF abnormalities by more advanced diagnoistic
techniques (eg, CMR, PET, Doppler ultrasound), or
» Metabolic evidence of transient myocardial ischemia (cardiac PET or CMR, invasive
assessment)
— Normal (or near normal; discrete very mild stenosis <20%) coronary arteries on angiography
— Absence of any other specific cardiac disease (e.g., variant angina, cardiomyopathy, valvular
disease)

Camici PG, Crea F. N Engl J Med 2007;356:830-40
Herrmann J et al. Eur Heart J 2012;33:2771-81
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Mechanisms of myocardial Ischaemia

Mechanisms of myocardial ischaemia

Epicardial coronary arteries

Coronary microcirculation

Microvascular dysfunction

Atherosclerotic disease Vasospastic disease

Impairs coronary physiology
and myocardial blood flow

Stable plaque  Vulnerable plaque Focal/transient Persistent
@ 6 Vas‘Iasm el in subjects with risk factors
Reduction Plaque rupture Prinzmetal Myocardial

in CFR angina infarction :
Contributes Induces severe
Thiombosis to myocardial acute ischaemia
ischaemia ‘Takotsubo’
_Demam_j in CAD and CMP
ischaemia Acute coronary
+ angina syndromes/infarction
—————

These three mechanisms can overlap

Crea F, EHJ, 2013
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Scheme of the potential causes and consequences of
coronary microvascular dysfunction

Blunted coronary flow reserve

Myocardial ischemia

Myocardal biood fiow (mLiming)
6 - N U & 0 @

Coronary atherosclerosis

Myocardal blood flow (mLiminig)
N - > El e

Accelerating factors Microvascular angina

Oipyridamoie

Early menopause —
obes:ty
wﬂtm C >Coronary microvascular dysfunction
oxldatlve stress
Risk factors

D”Yfe’;ensm": Sympathetic activation, Left ventrlcular dysfunction
ysiipiaaemia, endothelial and smooth muscle

Smoking,
Insulin resistance and diabetes gl dysft.mction, Sitediotax
remodeling

Takotsubo Syndrome

Crea F, EHJ, 2013
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Clinical Classification of
Coronary Microvascular Dysfunction (CMVD)

Clinical setting

Main pathogenetic mechanisms

Type 1:in the absence of myocardial diseases
and obstructive CAD

Risk factors
Microvascular angina

Endothelial dysfunction
SMC dysfunction

Vascular remodelling

Type 2: in myocardial diseases

Hypertrophic cardiomyopathy
Dilated cardiomyopathy
Anderson-Fabry’s disease
Amyloidosis

Myocarditis

Aortic stenosis

Vascular remodelling
SMC dysfunction
Extramural compression
Luminal obstruction

Stable angina
Acute coronary syndrome

Endothelial dysfunction
SMC dysfunction
Luminal obstruction

Type 4: iatrogenic

PCI
Coronary artery grafting

Luminal obstruction
Autonomic dysfunction

Camici PG, Crea F. N Engl J Med 2007;356:830-40
Herrmann J et al. Eur Heart J 2012;33:2771-81
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Modalities to Assess Coronary Microvascular Function

. . Endothelia
Primary Secondary Microvascula
Method Tracer e I Pros Cons
parameter parameter r distinction assessment
- Limited
. MBF (0.6-1.3 MBF reserve Validated and o
PET Radioisotopes . No No - availability,
mL/min/g) (>2-2.5) reproducibility . jioactivity
. . - MBF only with
- Perfusion (no (perfusion Availability :
SPECT Radioisotopes No No : dynamic upgrade,
defect) reserve) low cost radioactivity
. Investigational
lodine MBF (0.6-1.3 MBF reserve - : .
MDCT contrast mL/min/g) (>2-2.5) No No Availability Ir?dazgfi gﬁ ality,
i Investigational,
MRI Gadolinium :\n/ll?/lr:n(g; 11 I\QZBZ r565erve No No technical
in/g) (>2-2.5) limitation
Perfusion, MBF One-stop test, Volumetric
MCE Echo contrast  option (0.5-2.9 I\QZBZ rseserve No No no radiation, or  modeling, image
mL/min/g) (>2-2.5) radioactivity quality
Doppler Flow velocity Flow reserve No MBF option,
Echo contrast No No position and image
Echo (24-36 cm/s) (>2-2.5) dependent
TEC lodine Contrast flow TFC reserve Assumed if no No Ease of use, low  No CBF option,
contrast velocity (18-24) (>2-2.5) epicardial dx cost subjectivity
lodine Contrast staining Assumed if no Ease of use, low  No CBF option,
MBG contrast (Grade 3) None epicardial dx No cost subjectivity
Flow velocity Assumed if no Direct No CBF option,
ICD None (10-20 cm/s) CFR epicardial dx Yes measurement subjectivity
ICD + lodine CBF CBF reserve Complete Costs
SCA/ IVU  ntrast (44-59 mUmin)  (>2-2.5) Yes ves assessment invasiveness
. Complete Costs,
TPS Saline IMR (15-22 U) None Yes Yes csessment VASIVENESS

Herrmann J et al. Eur Heart J 2012;33:2771-81
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Prognostic Indicator Function of
the Coronary Microcirculation
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L2 204 R  Liciivinsnes ; - = ='STseg 70%, MBG 0/1
S P<0.0001 g H------ \mmmmes STseq >70%. MBG 2/3 4 5o
o 1 L) L] L) L) 8 o 1 L] L] 1
0 20 40 60 80 100 0 3 6 9 12
Months Months
C Myocardial Contrast D Magnetic Resonance Imaging
Echocardiography
100 - 100 T7 No Microvascular Obstruction
_ 90 \ £ ™
d =X 3R
e ?_u' 80 - e Seress No-Microvascular ™ % 60 -
5 % 70  Microvascular *, . s g 40 - Microvascular Obstruction
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Herrmann J et al. Eur Heart J 2012;33:2771-81
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Treatment algorithm for patients with
microvascular angina

Traditional Non-traditional Drugs Interventions
anti-ischaemic anti-ischaemic effective on for refractory
drugs drugs nociception angina
Risk factor LMl Beta-blockers M Ranolazine I o SCS
control Ca-antagonists P ERGINES EEC
1 + ACE-.I 4
lvabradine ‘
Continue Continue Nicorandil Continue

Continue

SCS, spinal cord stimulation; EEC, enhanced external counterpulsation.
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Diabetes

Focus on microvascular disease
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Diabetes: complications

Macrovascular Microvascular

Stroke

Diabetic eye disease
(retinopathy and cataracts)

Heart disease and
hyptertension

| Renal disease

Peripheral . B,
vascular disease -

] . Neuropathy

Foot problems ——— Foot problems




201

Type 1 diabetes, hyperglycaemia, and the heart

Ravi Retnakaran, Bernard Zinman

Lancet 2008;371:1790-99  Type 1 diabetes is associated with a substantially increased risk of cardiovascular disease tha

Hyperglycemia is toxic at several steps in the atherosclerosis process

Hyperglycaemia
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~ —— e
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@ Monocytes I':

%Ceﬂ adhesion molecule ,’

Wascular endothelium

Q\

N

Retnakaran R, Zinman B. Lancet 2008;371:1790-99.
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I\/Ietabollc Pathways Leading to
Microvascular Complications

.|.

" NADPH  NADP* NADH
Glucose | \ j.__ + Sorbitol L—l..* Fructose
+ G]umi » Polyal pathway
GFAT

+ Fructose-&6-P

} glucasamine - 6 - P —»-UDP - GLcNAG

gin glu

Hexosamine pathway

Y

7

e

MADH NAD

+DHAP LZD— +a glycerol - P ——p= + DAG —p= +FHC

Protein kinase C pathway

+I"-"|eth:.llglmxal - +AL'-.E5

* Glyceraldehyde - 3P
NAD \
{GAPDH ——} PARP
NADH

1,3 Diphosphoglycerate ‘t‘ Clé_

AGE pathway

Brownlee M. Diabetes 54:1615, 2005
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Exogenous Sources Endogenous Sources

Dietary AGEs Glucose/oxidative stress
Smaoking TCA intermediates, other
reducing sugars/carbonyls

advanced glycation endproducts
(AGESs) protein

Intracellular AGEs
(e.q., interruption of function of
proteins and enzymes involved
in metabolism)

Clrculating AGEs
Both free and
protein bound

SR-A, B,CD-36
(e.q., liver scavenger
and phagocytes)

Extracellular AGEs
AGE cross-linking
(e.g., extracellular matrix proteins,
stiffening of elastic structures)

AGE-R1, AGE-R3
Clearance receptnrs

v

l

[ Renal clearance




contribution of microvascular dysfunction to insulin resistance, type 2 diabetes and hypertension
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Obesity,

low birth Microvascular dysfunction

weight,

genetics, ....

. /

N /

Type 2 diabetes

r I
! I
|
i |
i I
I T 1 :
L] Vol
1
I v v S
1 N W
: Impaired insulin-mediated Increased peripheral 3 |
. - |
: glucose uptake resistance g 1
1
: \, 7\ J I
1 H 1 ]
I ! - i
k 4 h 4 \|l '
: r ~N ¥ ™~ I
1 Metabolic insulin . :
1 . High blood pressure | g
: resistance
: \ ) J N\ 7
| | \
I 1
i 1 y ™
I : Sympathetic nervous
: 1 system activation
I H q
1 i \ y
" I
i 1
1 1
i 1
I 1
i 1
i
|

incident T2DM was 25% higher per 1 S
greater miCFOV&SCU|ardySfunCti0n diabetesresearchandclinicalpractice103(2014)382




2014 = & &stel, g2 A7, &=

Intersection of Microangiopathy and
Macroangiopathy in Accelerated Atherosclerosis

Hyperglycemia
Macrovessels Microvessels
Coronary Peripheral Renal Retinal Coronary Brain
l neovascularization of vasa vasorum l

Accelerated « Microangiopathy
atherosclerosis b ,

» Hypoxia ———* Neovascularization
Ischemia
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Figure 1. Large/small artery cross-talk: a vicious circle of aggravation between
microcirculation and macrocirculation in hypertensives.

- Myocardial ischemia
- Reduction in GFR
- Microalbuminuria
- White matter lesions

# Target organ damage

Small artery remodeling
& wall/lumen ratio and rarefaction

? Target organ damage

- LVH
- Carotid IMT
- Plagque rupture

2 central PP 2 mean BP

A arterial stiffness
Large artery remodeling

Laurent S et al. Hypertension. 2009;54:388-392
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UKPDS: Alc as Predictor of
Micro- and Macrovascular Disease

Microvascular
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Myocardial
infarction

r = N WA, ONOO OO

)
»

7 8 9
Updated Mean A1c

Stratton IM et al. BMJ. 2000; 321:405-412.
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Microvascular Endpoints
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] 32% decrease per 1% decrement in HbA1c
05 6 7 8 9 10 11

Updated mean HbA,,
UKPDS 35. BMJ 2000; 321: 405-12
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Glucose Control and microvascular
complication

The intensive glucose control policy maintained a lower over a
median follow up of 10 years from diagnosis of type 2 diabetes with
reduction in risk of:

12% for any diabetes related endpoint p=0.029
25% for microvascular endpoints p=0.0099
21% for retinopathy at twelve years p=0.015

33% for albuminuria at twelve years 0=0.000054
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P .01 v normotensive
P .05 v hypertensive and atenolol

Cila april, perindopril, lisinopril
losartan, irbesartan
nifedipine GITS, amlodipine

Media—
lumen ratio

Normotensive Hypertensive

Atenolol



Courtesy of Dr. Gibson




Flow resistance (relative units)

hypertensive

20 ~

Hypertrophic Vessel_type _
Outward remodeling Conduit arteries
(no change in passive lumen diameter)

Hypertrophic
inward remodeling
(reduced passive lumen diameter)

—
. Resistance vessels
Eutrophic . :
. . (small arteries, arterioles)
inward remodeling
(reduced passive lumen diameter) —
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t % Shortening of vascular smooth muscle
Maximum

dilation



