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Fresh explanted human hearts
Physiological perfusion
Microvascular anatomy

Collateral connections
1. Exist in the healthy heart

2. Microvascular density
correlates with disease




3D stereo-arteriography resolves:
Collateral connections vs. 2D overlap

Adult, ‘normal’ coronary arteries Fulton WF
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The Clinical Importance of
the Microcirculation

- Major determinant of myocardial blood flow and

therefore maximal hyperaemia

. Significant impact on prognosis - FFR/CFR discordance

. Critically important in shock states
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The Microcirculation and Maximal Hyperaemia®?

FFR requires that myocardial microvascular
resistance be rendered constant and minimal. This
allows the impact of any epicardial stenosis on
myocardial blood flow to be interrogated.

- When we measure FFR we are testing the ability of
the microcirculation subtended by the artery being
studied to maximally dilate by administering a potent
vasodilator combination of GTN/adenosine.

- A common question about and criticism of FFR Is:
“‘How Do | Know if Minimal Resistance (maximal
hyperaemia) Has Been Attained?



The Microcirculation and Maximal Hyperaemia?

- The degree of hyperaemia obtained with pharmacological
vasodilatation is more feasible, predictable and repeatable
than that achieved during exercise testing.

- Dose response studies have confirmed that in the majority

of patients, maximal hyperaemia is achieved with:
Intravenous adenosine: 140mcg/kg/min
Intracoronary adenosine: 100mcg

- Variation in the absolute level of minimal resistance
(maximal hyperaemia) obtained is a strength of FFR:
reflects myocardial perfusion
describes unigue vessel-level coronary physiology



XP

50% area stenosis R.,i 1+

FFR = 0.85



epi

QP
F -

50% area stenosis R, 1+
epi

FFR =0.70



epi

QP
F -

00% area stenosis R.,i

FFR =0.70



XP

90% area stenosis R .
epi

FFR = 0.85



R

epi
N
F— [ E ] "
90% area stenosis RP
with severe MVO F =
Repi
FFR = 1.00!!

(No Reflow)



The Clinical Importance of
the Microcirculation

- Major determinant of myocardial blood flow and therefore
maximal hyperaemia

. Significant iImpact on prognosis - FFR/CFR
discordance

- Critically important in shock states
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Coronary flow velocity reserve

Meuwissen et al. Circulation 2001
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Coronary Flow Velocity Reserve
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Protocol update -
Treatment plan

FFR>0.8 = defer PCI (but CFR will be measured simultaneously)

CFR
and
FFR CFR=2.0 = defer PCI

FFR<0.8
CFR<2.0 = perform PCI



The Clinical Importance of
the Microcirculation

- Major determinant of myocardial blood flow and therefore
maximal hyperaemia

. Significant impact on prognosis - FFR/CFR discordance

. Critically important in shock states



The NEW ENGLAND JOURNAL of MEDICINE
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High versus Low Blood-Pressure Target
in Patients with Septic Shock
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The NEW ENGLAND JOURNAL of MEDICINE

Protocol-based EGDT

Protocol-based e | Jsual care

standard therapy

ORIGINAL ARTICLE

A Randomized Trial of Protocol-Based Care
for Early Septic Shock

The ProCESS Investigators®

A Cumulative In-Hospital Mortality to 60 Days

50—

40-

L
T

Mortality (%€)
S
|

[
T

P=0.52 by log-rank test

No. at Risk
Protocol-based EGDT 439

Protocol-based standard therapy 446
Usual care 456

10

373
389
396

| T T T
20 30 40 50

Days
356 348 347 347

376 368 366 366
376 371 371 371

60

347
365
370

ABSTRACT

ProCESS

B Cumulative Mortality to 1 Yr
504

40

e
T

Mortality (%)
P
|

104

P=0.70 by log-rank test, 90 days

P=0.92 by log-rank test, 1 yr

No. at Risk

Protocol-based EGDT 439
Protocol-based standard therapy 446
Usual care 456

60

288
308
285

T | T T
120 180 240 300

Days
217 194 175 156

212 196 179 158
211 199 181 164

365

145
142
139

Figure 2. Cumulative Mortality.

Panel A shows cumulative in-hospital mortality, truncated at 60 days, and
Panel B cumulative mortality up to 1 year after randomization.




Cardiogenic Shock: In-hospital Mortality a

Registry: 70 of 106 Hospitals in Switzerland
23696 ACS patients > 1977 with cardiogenic shock (564 at admission; 1413 after admission)

PCI (p<0.01)
~ Thrombolysis (p<0.01)
IABP (p<0.01)

w—CABG

Cardiogenio 2hook (Totah)

- Cardiogenio 2hook at acgmiczion (p=0.008|

Cardiogenio after admiceion (p=0.084)

1357 1998 1939 2000 2001 2002 2003 2004 2005 2006 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Jeger et al. Ann Int Med 2008;149:618-626




STEMI with cardiogenic shock:

single or. multivessel PCI?

National Cardiovascular Data Registry

In hospital outcomes shock pts.

1 vessel Multi- P

PCI wessel PCI value
Patients 2654 433
Death 27.8% 36.5% <0.01
Death in 2.7% 5.8% 0.25
lab
Stroke 1.5% 2.6% 0.18
Bleeding 12.5% 13.8% 0.44
Renal 7.1% 9.7% 0.03
failure

Saving lives is our mission

Odds ratios mortality

Excluding Fatients with
Cardiogenic Shock

B

Anadpaenan | - 1

Falients with Cardiogeni Shock
Unadissed I ] i
OR 1.0
Decreased Mortality Increassd Mortality

Multi- vs. 1-vessel PCI

MA Cavender et al.
Am J Cardiol 2009;104: 507-513

Acute Cardiac Care

ESC Working Group
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Multivessel PCI or Culprit Lesion Only PCI

Hazard ratio, 0.35 (95% Cl, 0.21-0.58); P<0.001

Preventive PC|

No preventive PCl

Patients without Primary Outcome (%)

Months since Randomization

No. at Risk

Preventive PCl 234 196 166 146 118 89
No preventive PCl 231 168 144 122 96 74

Wald DS et al. N Engl J Med 2013;369:1115-1123.
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s CULPRIT-SHOCK

CULPRIT-SHOCK Trial — Study Flow

Patient in cardiogenic shock after
acute myocardial infarction

*

Check in- and exclusion critena

Mot suitable:

1
I
— ¥ CULPRIT-SHOCK
(4 different versions) Registry

Group 2

Culprit lesion only PCI +
potential staged
revascularzation

¥
Catheterization laboratory: Cathetenzation laboratory:
PCI of all relevant lesions PCI culprit lesion only




Systemic microcirculation

Sidestream Dark Field imaging

14 Megapixel sensor, pixelsize 1,4 um

Light weight (150 grams)

Optics /sensor resolution optimized
Camera and illumination PC control
Stepping motor focus control
Quality control of image acquisition

Automatic image quantification

Braedius
Adapted from C Ince
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Microcirculation substudy

* Recent technological advances allow intravascular and
noninvasive assessment of microvascular function

Myocardial Systemic
Doppler Thermodilution Sidestream Darkfield
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Coronary microvascular dysfunction due to essential
thrombocythemia and polycythemia vera: the missing piece in the
puzzle of their increased cardiovascular risk?

LAD - CFR by TTDE at rest, and during adenosine infusion
The mutation of JAK2 gene was associated with abnormal CFR.

PV CONTROLS

2.2+/-0.7 3.8+/-0.7

2.9+/-0.94

38.5% 68.2% 4.1%

15.4% 40.9% 0

Am J Hematol. 2015 Feb;90(2):109-13.



The Clinical Importance of
the Microcirculation

- Major determinant of myocardial blood flow

- Explains why anatomy cannot predict FFR

.- Explains why non-hyperaemic indices cannot predict FFR

. Significant impact on prognosis

- Critically important in shock states - ongoing trials

- Possible target for new therapeutic agents and strategies
especially in STEMI



mljg/min . pd — g mligimin

Figure 2 Examples of results of pixel-wise quantitative first-pass cardiovascular magnetic resonance perfusion imaging (ml/g/min) for
(A) severe microvascular dysfunction and (B) non-severe patients. Stress images are shown on the top row and rest images on the bottom
row for identical basal, mid-ventricular and apical slices together with their corresponding pixel maps.

Ismail TF et al.J Cardiovasc Magn Reson. 2014 Aug 12;16:49



