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MCS is about Timing
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When IABP doesn’t work...

P=0392 by log-rank test

Contraol

100+

IABP

Any Cause (%)

Patients Who Died from

Relative risk, 0.84 (95% CI, 0.72-0.98)
P=0.03

Multivessel PCI

Culprit-lesion-only PCI

No. at Risk
Multivessel PCI

Culprit-lesion-only PCI

Thiele et al. NEJM 2012;367:1287-96
Thiele et al. NEJM 2017;377:2419-32

10 15 20

Days since Randomization

179 170
211 203



When IABP doesn’t work...

o Catecholamines prior to randomization 90% o Catecholamines in 90%
o Only 30cc IABP device o Any MCS in 28%
v’ 27% IABP

v 38% Impella
v' ECLS (ECMO) 38%

Erasmus MC
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Thiele et al. NEJM 2012;367:1287-96
Thiele et al. NEJM 2017;377:2419-32



IABP Size Matters

Systolic Unloading (mmHg)

40cc |IABP 50cc IABP

50cc-IABP

-
o
o

Responders = Diastolic pressure augmentation { > 40 mmHg

[*2]
o

Aortic Pressure (mmHg)
@
o

PN
o

Time (arbitrary units)

IABP Hemodynamic Variables 40 cc|ABP 50 cc|ABP P-Value

Diastolic Augmentation (mmHg

Systolic unloading (B-F) 9+4 13+7 01
Diastolic augmentation [D-A] 56 +18 7+26 02

Non-responder

Responder

Kapur et al. J Invas Cardiol 2015;27:182-8



When IABP does work...

Uni MAna sis Rvariate Analysis VIF Heart RV Resistive Pulmonary Heart
P-Value  Odds Ra'kE% Cl) P-Value Odds Ratio (95% Cl) Failure Function Load Circulation Rate
Dichotomous variables |
~ Heart rate <92 beats/min <02 4.38(1.69-114) 02 4,08 (1.25-13.3) ‘ 123
CVP <9 mm Hg <001 7.21(2.76-19.2) 18 3.27(0.59-18.2) 279

Mean pulmonary artery pressure <37 mm Hg <001 6.38 (2.44-16.7) 26 2.09(059-747) 181
* Pulmonary capillary wedge pressure <25 mmHg  <.001" 10.5(3.52-315) 02 466(129-169) 27 |
Cardiac index >1.85 L/min/m? <01 4,48 (1.61-12.5) 09 298 (0.83-10.7) 118
PAPi >2.0

I . ) ) Ja 1 mPAP
Pulmonary artery pulsatility index >2.45 03 2.71(112-6.57) 64 0677(013-352) 187 LCP0I0. 33 Wjm? RCPOim/:W/mZ e HR <92 bpm

VIF = variance inflation factor; Cl = confidence interval. ‘P<.05 by logistic regression analyses.

Baldetti et al. Circulation Heart Failure 2021;14:1263-77
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When IABP does work...

Primary endpoint

Secondary endpoints

| IABP (n=16)

Inotropes (n=16)

‘ p-value

ASVO, (3h-0h), % +17 [+9; +24] +5 [+2; +91] <0.001

I I 1 1 1 | I I I I I I I
0:00 4:00 8:00 12:00 16:00 20:00 24-00 28:00 32:00 36:00 40:00 44-00 48:00
Time (hh:mm)

C den Uil, NM Van Mieghem et al. EuroIntervention 2019;15:586-93

CPO at T48h, W 0.73 [0.62-0.96] 0.59 [0.48-0.801 0.17
ACPO (48h-0h), W +0.27 [+0.17; +0.45] +0.09 [-0.04; +0.21] 0.004
NT-proBNP level at T48h, ng/L 4,907 [3,254-7,628] 8,772 [5,957-16,712] 0.01
ANT-proBNP (48h-0h), % change -59.3 [-78.5; -46.7] -16.0 [-40.4; +3.3] <0.001
Cumulative fluid balance at T48h, mL -3,066 [-3,876; —2,205] -1,198 [-2,251; -701] 0.006
ADyspnoea severity score at T48h* -4 [-6; -31] -2 [-3; 0] 0.02
Crossover or other escalation of therapy 3 (19%) 7 (44%)
Crossover 2 (13%) 3(19%) 0.25
Other escalation of therapy?’ 1(6%) 6 (38%)
Length of stay in the hospital 29 [23-57] 15[10-18] 0.02
MACE? 30 days 5(31%) 10 (63%) 0.16
90 days 6 (38%) 11 (69%) 0.16




IABP On Time RCT

Percutaneous coronary ' B Onset of cardiogenic shock, related or unrelated to ACS \
intervention (PCI) has priority Consider study participation Application of in- and

exclusion criteria |

in the first 12 hours after onset

of cardiogenic shock.

If the patient meets inclusion

criteria after PCI, the patient is Early cardiogenic shock, related or unrelated to ACS

still eligible for study inclusion. SCAIBor C Eligible for study participation
e e e Written informed consent

1:1 Randomization

SgeIpaww]  SINoY ZT UM

v v

Prestratification according to center.

IABP-arm -
a Stratification according to etiology and SCAI stage Standard of care-arm

sajnuIwW o U|

_____________ Treatment escalation

" Initiate
Noradrenaline o Increase noradrenaline 20.2 pg/kg/min or
inotropics or

upto0.2 escalate inotropic therapy to reach MAP 265 '@ ...

ug/kg/min is mmHg.
necessal
allowed o Initiate a different MCS modality (IABP-arm). ' | _________ r_y_ -

vasopressors if

o Initiate MCS (Standard of care-arm).
1

Interim safety 30-day Follow-up

review after 25%
and 50% of subject
enrolment 1-year Follow-up

1eak T13YV shAep g Joyy




SCAI SHOCK
STAGE PHYSICAL EXAM BIOCHEMICAL MARKERS
EXTREMIS
. L= Normal JVP
3 A ) : L ds cl i
A patient !?elng suppor‘ted by multﬁprl\e mter-vent:':s who may be Stlrl:ggsgil;:a Isp(:; I?ers N;)\‘g::ll arﬁ:zlﬁf;:zitéon
experiencing cardiac arrest with ongoing CPR and/or ECMO. Normal mentation

DETERIORATING

A patient who fails to respond to initial interventions. Similar to stage C and
getting worse.

CLASSIC

. A patient presenting with hypoperfusion requiring intervention beyond volume
resuscitation (inotrope, pressor, or mechanical support including ECMO). These
patients typically present with relative hypotension.

. BEGINNING
A patient who has clinical evidence of relative hypotension or tachycardia
without hypoperfusion.

] ] ] i |

ATRISK
@

A patient with risk factors for cardiogenic shock who is not currently
experiencing signs or symptoms. For example, large acute myocardial
infarction, prior infarction, acute and/or acute on chronic heart failure.

C
D
E

Pulsatile MCS in High-Risk PCI

Elevated JVP
Rales in lung fields
Strong distal pulses
Normal mentation

Ashen, mottled, dusky
Volume overload
Extensive Rales
Killip class 3 or 4

BiPap or mechanical ventilation
Acute alteration in mental status

Any of stage C

Near pulselessness
Cardiac collapse
Mechanical ventilation
Defibrillator used

Normal lactate
Minimal renal function impairment
Elevated BNP

Lactate 22
Creatinine doubling OR >650% drop in GFR
Increased LFTs
Elevated BNP
Urine Output <30mL/h

Any of stage C
AND
deteriorating

Lactate =6
pH<7.2

HEMODYNAMICS

] ] ]
Normotensive (SBP=100 or normal for pt.)
If hemodynamics done:
= Cardiac index 2.5
=CVP<10
= PA Sat 266%

SBP <90 OR MAP <60 OR >30mmHg drop
Pulse 2100
If hemodynamics done:
= Cardiac Index 2.2
= PA Sat 265%

Drugs/device used to maintain BP above

stage B values.
= Cardiac Index <2.2 *PCWP>15
*RAP/PCWP=0.8 = PAPI<1.85

= Cardiac Power Output <0.6

Any of stage C
AND
Requiring multiple pressors OR addition of
mechanical circulatory support devices to
maintain perfusion

No SBP without resuscitation
PEA or Refractory VT/VF
Hypotension despite maximal support



IVAC2L Principle

@ Nitinol-reinforced
* Aspiration tip e Single lumen catheter 17 Fr. * Membrane pump

100 cm

e Bidirectional valve




Pulsatile MCS

Diastole Systole

Profile
Pulsatile cardiac support + 0.5 L/min +1.4-2.0L/min

Stroke Volume

—

Stroke Work
LV end diastolic pressure
LV end systolic pressure
LV end diastolic volume
LV end systolic volume
Diastolic aortic pressure
Systolic aortic pressure

MAP

.
- !
! !
- !
~ !
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Cardiac output



Pulsatile MCS & Cardiac Mechanics

Cardiogenic Shock Normal LV --- Off support
N - =3 minutes on support
\,Y‘b/ \ ® ——55 minutes on support
o \ 140- ~120-
k ) 2 — Pressure-volume area
I 120 = --- End-systolic volume
£ 8.~ | Effective arterial elastance
) ) E _g o4 |- End-systolic wall stress
i i ® 100 / 2 -—-End-systolic elastance
£ £ 5 | <
¢ 2 % 80 2100-
E § @ 80 I ::.:' 100
H ¢ = 60- | S
3 g E | o 904
£ 401 ] E
T I’ s
£ 204 L 5 80+
% - o
- 0 ,,E,
| T T T T T T T T 1 (1] 70_
- 80 100 120 140 160 180 200 220 240 =T : : : :
LY volume (m} SVAABP o LY volume (mL) -l_ SV-8P o Left ventricular volume (ml) Support off 1:1 o 1:3
SV-IABP on SV-IABP on pre-PClI post-PClI weaning

Baldetti et al. Circulation Heart Failure 2021;14
Bastos et al. Future Cardiology 2020;16:103-12



PULSE TRIAL

> DESIGN: Multi-centric open-label trial, with > Age > 18 years
patients undergoing high-risk PCI under

mechanical circulatory support. > Heart team consensus for high-risk PCI

> Exclusion

Erasmus MC




PULSE TRIAL

Age (years) 74 (70-81)
Gender (M) (%) 65.5 (19)
Diabetes Mellitus (%) 31 (9)
Hypertension (%) 72.4 (21)
Stable angina (%) 55.2 (16)
Unstable angina (%) 20.7 (6)

ACS (%) 37.9 (11)
Chronic kidney disease (%) 44.8 (13)

COPD (%) 24.1 (7)
Mitral regurgitation (%) 34.5 (10)
Atrial fibrillation (%) 20.7 (6)
EF < 40% (%) 37.9 (11)
SYNTAX SCORE 31+8

3.9 (1.9-5.2)

Erasmus MC
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PULSE TRIAL —IVAC2L LV UNLOADING

Pressure and Volume Unloading
n =16 (59%) - responders

» :
Available PV data Volume Unloading

(n=27) n =20 (74%) - responders

22 (82%) 5(18%) .
Responders Non-Responders ] Pressure U nloading

n =18 (67%) - responders

No Unloading

n=5(18%) - non-responders

Eram-us MC
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PULSE II TRIAL

Pulsatile versus Axial flow MCS in high-risk PCI

Clinically stable patient; unprotected left main, multivessel disease or single remaining vessel

Main EXCLUSION criteria
Heart Team consensus for - LV thrombus

[ PULSATILE iVAC2L ] [ Axial Flow Impella CP ]

Primary Clinical Endpoint @ 3 months

Erasmus MC




In conclusion

> MCS = valuable tool in high-risk PCI yet difficult to prove as it most often will only run in the

background

Erasmus MC
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