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Pressure-volume loop
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PVA = Myocardial oxygen consumption

VO2

Pressure

PVA-independent VO2
= E-C coupling + Basal
metabolism

PVA

Suga et al. AJP 1981.
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Impella partial support
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VA-ECMO

Veno-arterial (VA) ECMO

supports both heart and lungs

Oxygenator

Drainage cannula

Retum\;annula

Pulmonary circulation
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Systemic arculation
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Oxvygen supply-demand imbalance
= Myocardial ischemia

A
!

Therapies for O2 supply 1 Myoca rdial Therapies for O2 demand |
Early coronary reperfusion . a Beta Blocker
Hyperoxemia ischemia ACE-| / ARB
Diuretics
Hypothermia
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Acute Impella reduces MI size

Left Ventricular Support by Catheter-Mounted
Axial Flow Pump Reduces Infarct Size

Bart Meyns, MD, PHD, Jarek Stolinski, MD, Veerle Leunens, Erik Verbeken, MD, PHD,
Willem Flameng, MD, PHD

® Swine Group 1 : Control group

® 1 hr Ml and 3 hrs reperfusion Group 2 : Maximum Impella entire exp.
Group 3 : Maximum Impella during reperfusion
Group 4 : Partial Impella during reperfusion

Changes in MVOZ MI size (%)
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Circulation: Heart Failure

Left Ventricular Mechanical Unloading by Total Support
of Impella in Myocardial Infarction Reduces Infarct
Size, Preserves Left Ventricular Function, and Prevents
Subsequent Heart Failure in Dogs
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I | \\ I
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I | \\ I
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Optimal +iming?

If reperfusion simply limits the expansion of Ml size, earlier
Impella initiation during ischemia might be better because
Impella reduces MVO, and increases collateral flow.

v

Ischemia Reperfusion




Optimal +iming?

However, In this regards, the delay of Impella support might
be meaningless!

Ischemia Reperfusion




emia-reperfusion injury

Theoretical infarct size

Myocardial ischaemia in the absence of reperfusion

o—'—— MI size S0% of AAR (S0% myocardial salvage)

.- A About half of the residual Ml is due to lethal Rl and is preventable
+ = = = = =Theoretical infarct size

all absence l')'w’ FJPC' U’*;‘\-H‘I ' MI size 100% of AAR (No myocardial salvage)
” ]
' I
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- by reperfusion
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]SChem IC Inl u ry 25 M size 25% of AAR (75% myocardial salvage)
: The full benefits of myocardial reperfusion are realized
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Optimal +iming?

In addition to the presence of ischemia-reperfusion injury,
there is a limitation to administrate Impella earlier as well as
PCI.

v

Ischemia Reperfusion
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40 Years of LV Unloading Science (1978-2018)

Animal
Model

Duration of
Ischemia
(min)

Duration of
Reperfusion
(min)

Mechanical
Support Before Occluded
or After

Reperfusion

Vessel

Method of
Occlusion

Reduction
in Infarct
Size?

Reference

Canine

Before LAD

gation

IABP

Yes

Roberts & Gay [6]

Baboons

Before LAD

gation

IABP

No

Haston & McNamara [7]

Porcine

Before LAD

Ligation

IABP

No

Laas & Replogle [8]

Porcine

Before vs After LAD

Ligation

IABP

Yes / No

Ledoux & Smalling [9]

Canine

Before LAD

Ligation

LA-FA Bypass

Yes

Catinella & Spencer [12]

Porcine

Before LAD

Balloon angioplasty

TandemHeart

Yes

Kapur & Karas [13]

Canine

Before LAD

Ligation

Hemopump

Yes

Mehrige & Wampler [14]

Canine

Before LAD

Snare ligation

Hemopump/IABP

Yes

Smalling & Amirian [15]

Canine

Before vs After LAD

Snare ligation

Hemopump

Yes / No

Achour & Smalling [16]

Sheep

Before vs After LAD

Ligation

Impella 5.0

Yes

Meyns & Flameng [17]

Porcine

Before LAD

Balloon angioplasty

Impella CP

Yes

Kapur & Karas [18]

Porcine

Before LCx

Ligation

Impella LD

Sun & Wang [20]

Porcine

Before LAD

Balloon angioplasty

Impella CP

Esposito & Kapur [21]

Unloading before not after Reperfusion is

required to reduce infarct size

Kapur, Meyns, Smalling etal JCTR In Press 2018
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60%d h - 1 ) Impella Pre PCI 290) I/:/“Z I\ IJ _Eﬂjg% (:

Survival Rate

w T —— HUWT. PCIICEITLT
Impellaz /R LT M.
s s MIBEODEEFRSOHLETFEN

Days from initiation of Impalla 2.5 support E (/ \ : & jj\\ H H 15 j]\ (: 7_ d: j 7:_: .

154 101 88 79 69 67 63

Number of patients at risk

Figure 3. Kaplan-Meier curve survival to 30 days. CS, cardiogenic shock; DBP, diastolic blood pressure; MAP, mean arterial pressure; MV,
mechanical ventilation; NSTEMI, non-ST elevation myocardial infarction; PVD, peripheral vascular discase; SBP, systolic blood pressure.

Lower95% Upper95%
ConfidenceLimit | Confidence Limit
for Odds Ratio for Odds Ratio

Odds Ratio

Variable StandardError | Pr> Chi-Square 5
Estimate

Age -0.0184 0.00242 <.0001 0.982 0.977 0.986
Gender - Male 0.0362 0.0327 0.2678 1.075 0.946 1.222
PA catheter use 0.2538 0.0298 <.0001 1.661 1.478 1.867

Impella used Pre PCI 0.1467 0.0291 <.0001 1.341 1.196 1.503

Impella CP use 0.1241 0.0341 0.0003 1.282 1.121 1.465



Optimal +iming?

Previous animal studies indicated that Impella initiation after
reperfusion could not limit the infarct size.

v

Ischemia Reperfusion
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Optimal +iming?

Several animal studies and clinical trials indicated that
Impella before reperfusion might reduces ischemia-
reperfusion injury.

v

Ischemia Reperfusion
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Circulation 2013
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Ll L R ool | I Group 2 x
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JACC 2018



Optimal +iming?

Dr. Kapur proposes more clinical applicable strategy.
BUT, it requires paradigm shift in the clinical practice!

v

Ischemia Reperfusion

MVO,
and
Collateral flow

N

Inhibition of
reperfusion injury




STEMI DTU Pilot trial

DTU-STEMI Results: Primary Safety Outcome
STEMIDTU

Clinical Variable U-IR (n=25) U-DR (n=25)  p-value
CV mortality, n (%) 1(4%) 1(4%) NS

SAFETY & FEASIBILITY STUDY

H H 0,
STEMI patient indicated for PPCI e I ) L L A

z Stroke or TIA, n (%) 1 (4%) 0 NS

Patient meets all inclusion criteria Traditional 30-Day MACCE, n (%) 2 (8%) 1 (4%)
Age 21-80 years . . .
First Ml Major Vascular Events, n (%) 0] 2 (8%)

Acute STEMI (ST elevation 22 mm in 22 contiguous or 24 Total Composite 30-Day MACCE, n (%) 2 (8%) 3 (12%)
mm ST-segment deviation sum in anterior leads)

Presents within 1-6 hrs symptom onset

Informed Consent Infarct Size / Total LV Mass (%) Infarct Size / Area at Risk (%)

*
Enrollment and Randomization pigS3 p=053 b Ll L
n=40 n=236 n=34 n=30

r
] B o oA
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4 Door to Unloading, then reperfusion
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