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Pathophysiology of CMD

Alterations Conditions
Structural

Luminal obstruction STEMI, PCI

Vascular wall infiltration Fabry’s disease

Vascular remodeling and rarefaction LVH (HCM, Hypertension, Aortic stenosis)

Functional

Endothelial dysfunction Risk factors, MVA, SA, NSTE-ACS

SMC dysfunction Takotsubo syndrome

Autonomic dysfunction STEMI, MVA

Extravascular

Extramural compression LVH (Aortic stenosis, Hypertension, HCM)

Diastolic perfusion time LVH (Aortic stenosis, Hypertension, HCM)




Table 1. Clinical Classification of Coronary Microvascular Dysfunction.

Coronary microvascular dys-
function in the absence
of obstructive CAD and
myocardial diseases

Coronary microvascular dys-
function in the presence
of myocardial diseases

Coronary microvascular dys-
function in the presence
of obstructive CAD

latrogenic coronary microvas-
cular dysfunction

This type represents the functional counterpart of traditional coronary risk factors

(smoking, hypertension, hyperlipidemia, and diabetes and insulin-resistant states).
It can be identified by noninvasive assessment of coronary flow reserve. This type
is at least partly reversible, and coronary flow reserve can also be used as a surro-
gate end point to assess efficacy of treatments aimed at reducing the burden of
risk factors.

This type is sustained in most instances by adverse remodeling of intramural coronary

arterioles. It can be identified by invasive or noninvasive assessment of coronary
flow reserve and may be severe enough to cause myocardial ischemia. It has inde-
pendent prognostic value. It remains unclear whether medical treatment may re-
verse some cases. It is found with primary (genetic) cardiomyopathies (e.g., dilated
and hypertrophic) and secondary cardiomyopathies (e.g., hypertensive and valvular).

This type may occur in the context of either stable CAD or acute coronary syndromes

with or without ST-segment elevation and can be sustained by numerous factors.
It is more difficult to identify than the first two types and may be identified through
the use of an integrated approach that takes into account the clinical context with
the use of a combination of invasive and noninvasive techniques. There is some
early evidence that specific interventions might prevent it or limit the resultant
ischemia.

This type occurs after coronary recanalization and seems to be caused primarily by va-

soconstriction or distal embolization. It can be identified with the use of either in-
vasive or noninvasive means on the basis of a reduced coronary flow reserve, which
seems to revert spontaneously in the weeks after revascularization. Pharmacologic
treatment has been shown to promptly restore coronary flow reserve, and it may
also change the clinical outcome. The likelihcod of distal embolization can be re-
duced by the use of appropriate devices during high-risk procedures.




Stable MVA
Angina

 Evidence of stress-induced
myocardial ischemia

 Normal coronary arteries

* NO coronary spasm



Prevalence of obstructive CAD in relation to symptoms and
non invasive testing in patients undergoing selctive

coronary angiography (n=398,978)
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Stable MVA In women Is associated with
higher risk of MACEs (n=1,540)
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SA in women with NCA is associated with higher

risk of MACEs (n=4,711)

Survivor functions for women: age adjusted to 60 years

1.00
<
= 0-95-
cott
e
- 0.90- <
o
= <€
-
<C
= 0.80
0-75 1 | I 1
) 2 4 6 8
Time (years)
emmmm—— Asymptomatic m———— Normal coronary arteries
esmmmm—— Diffuse non-obstructive CAD : 1VvD
2VVD ammmmm——— 3\/D

(Prescott et al, EHJ 2011)



Primary Coronary
Microvascular Dysfunction

Angina
normal coronary arteries

N

Chronic/stable Acute/unstable
angina syndrome angina syndrome
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«Effort angina * Rest angina

*Mixed angina *Single episode
*Recurrent episodes

» Crescendo angina

asospastic Vasospastic angina //
angina Thromboembolism
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Acute/unstable
MVA

Stable MVA

(Lanza and Crea, Circulation 2010)



Outcome of patients with NSTE-ACS and normal
coronary arteries or mild CAD enrolled in TIMI 11B,
TIMI 16 and TIMI 22 (9.1% di 7656 pazienti)
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Microvascular dysfunction and
prognosis in HCM

PET myocardial blood flow
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Overall HC population

Work-up:

« History, clinical examination, genetics if indicated

+ (Holter-) ECG, exercise ECG
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OMT vs OMT + stenting In patients with

SA (n=7229)
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Reduction of transient myocardial
Ischemia with Pravastatin in stable angina
(Nn=768)
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Evaluation of
post-procedural
TIMI flow

Evaluation of
post-procedural
MBG

Evaluation of
post-procedural
STR>700’0

100 pts with STEMI
treated by PPCl |

» 1 pt with TIMI 0-1

» 6 pts with TIMI 2
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(Niccoli et al. JACC 2009)



Prognostic Value of MO According to
Angiographic, ECG, and Echo-
contrastographic Indexes

Year Mo-reflow
indlex
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4.2 [(2.1-8.5)
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(Niccoli et al. JACC 2009)



TAPAS trial (n=1060)
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REOPEN-AMI

471 STEMI patients were assessed for eligibility

123 patients did not meet angiographic eligibility criteria 108 patients did not meet clinical or ECG eligibility criteria

12 did not undergo PCI . .
97 had TIMI flow 2-3did not provide written informed consent e _had a dlag_noss _other_ it STE ML
- . . o 7 did not provide written informed consent
4 had culprit lesion non-identified . .
. S . . 5died before entry into the cath-lab
5 had culprit lesion in a by-pass graft < > . - .
. 12 had a previous STEMI in the same territory
6 had stent thrombosis : ;
S 16 had cardiogenic shock
6 had left main disease S
3 had acute CABG 5 had contram_dlc_athns to contrast agent
13 had contraindications to study medications
12 had severe renal failure
25 had left bundle block, frequent ventricular ectopy, paced rhythm, or pre-excitation

240 STEMI patients (TIMI flow 0-1) were randomly assigned to a treatment group

80 were assigned to TA+saline 80 were assigned to TA+Adenosine 80 were assigned to TA+Nitroprusside
(2 ml of heparinized saline as fast bolus followed by 33 ml of (120 mcg as fast bolus followed by 2 mg in 33 ml of saline in 2 (60 mcg as fast bolus followed by 100 mcg in 33 ml of 5% glucose in 2
heparinized saline in 2 min as slow bolus) min as slow bolus) min as slow bolus)
drug through the drug through the TA drug through the drug through the TA drug through the drug through the TA
guiding catheter due to device guiding catheter due to device guiding catheter due to device
TA failure TA failure TA failure
N=7 |« > N=73 N=8 < > N=72 N=9 |« > N=71

All patients received a weight adjusted bolus
and infusion of abciximab for 12 h (Niccoli et al, in press)



ST-segment resolution
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Adenosine vs Saline p = 0.009
Nitroprusside vs Saline p =0.75 (Niccoli et al, in press)



Coronary microvascular dysfunction in
Tako-tsubo syndrome

(Galiuto et al, EHJ 2010)
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Ml after PCIl. a meta-analysis of

troponin elevation (29%) (n=7578)

OR (rancom) OR (rancom)

MACES 95% Cl 95% ClI

Bertinchant et al 1.02 [0.25, 4.19]

Fuchs et al 1.14 [0.86, 1.5Z]

Gruberg et al 3.17 [1.46, 6.89]

Hermann et al 1 0

Sfaadeddm ks OR (random) OR (random)

e o4 All cause death 95% Cl 95% Cl

Mageh et al

Drzewiecka et al

Natarajan et al Bertinchant et al Not estimable

Ramirez-Moreno et al Fuchs et al 1 1.38 [0.867, 2.85]

Izgi et al Gruberg et al tsh 3.89 [1.37, 11.02]

Miller et al Hermann et al —_— 11.15 [1L.98, 62.92]

Okmen et al Saadeddin et al =] 8.29 (0.33, 210.20

Prasad et al Kizer et al - 1.24 [0.32, 4.86)

Nienhuis et al MNageh et al NHot estimable
Drzewiecka et al = ] 3.53 [0.18, 68.01]

Total (95% ClI) Matarajan et al - 2.81 (0.932, 2.47)
Ramirez-Moreno et al 15.77 [0.62, 398.90

Test for heterogeneity: (P = 0.0001), P = 66.5% Izgi et al 4 1 ] 0.88 [0.03, 2Z.23]

Test for overall effect: Z = 2.73 (P = 0.006) Miller et al 1.89 [0.82, 4.35]
Okmen et al ¢ » 0.97 [0.08, 11.09]

01 02 Prazad et al —a— 2.27 [1.53, 3.37]

Mienhuis &t al —= 0.19 [0.01, 3.35)
Total (95% CI) < 2.19 (1.59, 3.00]
Test for heterogeneity: (P=0.38), FP=71%
Test for overall effect: Z =483 (P < 0.00001)

(Testa et al, QIM 2009) 01 02 05 1 2 5 10



Conclusions

« CMD Is frequent in a large number of
cardiovascular diseases

* The pathohysiolgy Is complex as CMD can
be caused by structural, functional and
extravascular alterations

* In some cases CMD is simply a marker of
disease, Iin other cases is a useful
prognostic marker, in other cases it Is an
iImportant therapeutic target



