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MCS in cardiogenic shock:
where is the problem??
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MECHANICAL CIRCULATORY SUPPORT DEVICES:
HANDS TIED?
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MCS at San Raffaele
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Intraaortic Balloon Support for Myocardial Infarction
with Cardiogenic Shock

Holger Thiele, M.D., Uwe Zeymer, M.D., Franz-Josef Neumann, M.D., Miroslaw Ferenc, M.D.,
Hans-Georg Olbrich, M.D., Jérg Hausleiter, M.D., Gert Richardt, M.D., Marcus Hennersdorf, M.D., Klaus Empen, M.D.,
Georg Fuernau, M.D., Steffen Desch, M.D., Ingo Eitel, M.D., Rainer Hambrecht, M.D., J6rg Fuhrmann, M.D.,
Michael Bhm, M.D., Henning Ebelt, M.D., Steffen Schneider, Ph.D., Gerhard Schuler, M.D., and Karl Werdan, M.D.,
for the IABP-SHOCK Il Trial Investigators™

Intra-aortic balloon counterpulsation in acute myocardial
infarction complicated by cardiogenic shock (IABP-SHOCK II):
final 12 month results of a randomised, open-label trial

Holger Thiele, Uwe Zeymer, Franz-Josef Neumann, Miroslaw Ferenc, Hans-Georg Olbrich, Jorg Hausleiter, Antoinette de Waha, Gert Richardt,
Marcus Hennersdorf, Klaus Empen, Georg Fuernau, Steffen Desch, Ingo Eitel, Rainer Hambrecht, Bernward Lauer, Michael Bohm, Henning Ebelt,
Steffen Schneider, Karl Werdan*, Gerhard Schuler*, on behalf of the Intraaortic Balloon Pump in cardiogenic shock Il (IABP-SHOCK Il) trial investigatorst



IABP-SHOCK Il TRIAL

50— eRandomized, prospective, open-label, multicenter trial
P=0.92 by log-rank test
41.3%
i Control *|ABP vs. STANDARD OF CARE
o/ABP
~ 39.7% *301 vs. 299 patients
R 304
z .
| e STEMI and NSTEMI complicated by CS
$ 20 NO SURVIVAL BENEFIT
P=0.69 ) ) )
10 eCardiogenic SHOCK: SBP < 90 mmHg > 30 min or
inotropic support requirement, impaired organ
0 1 : : , : , perfusion (UO < 30 ml/h, clammy skin, altered mental
0 5 10 15 20 25 30 status), lung congestion.
Days since Randomization
: - : - Exclusion criteria: mechanical complication, CPR > 30’
Figure 1. Time-to-Event Curves for the Primary End Point. no intrinsic heart action, coma, severe PVD, AR >
Time-to-event curves are shown through 30 days after randomization for moderate.
the primary end point of all-cause mortality. Event rates represent Kaplan—
Meier estimates. . .
¢ PCl (in 95.8%), CABG (3.5%), no reperfusion (3.2)

Table 3. Clinical Outcomes.
Relative Risk
IABP Control with IABP
Outcome (N=300) (N=298) P Value (95% CI)
dauni N
IPrimary end point: all-cause mortality at 30 days 119 (39.7) 123 (41.3) 0.69 0.96 (0.79—1.17'
Reinfarction in hospital 9 (3.0) 4 (1.3) 0.16 2.24 (0.70-7.18)
Stent thrombosis in hospital 4 (1.3) 3(L0) 0.71 1.32 (0.30-5.87)
Stroke in hospital 2(0.7) 5(L.7) 028  0.40 (0.08-2.03)
Ischemic 2(0.7) 4(13) 045  0.49 (0.09-2.71)
Hemorrhagic 0 1(0.3) 0.50 —
Peripheral ischemic complications requiring intervention 13 (4.3) 10 (3.4) 0.53 1.29 (0.58-2.90)
in hospital
Bleeding in hospital*
Life-threatening or severe 10 (3.3) 13 (4.4) 0.51 0.76 (0.34-1.72)
Meslerate 52 (17.3) 49 (16.4) 0.77 1.05 (0.74-1.50) Thiele, H. Intraaortic balloon support for myocardial infarction with cardiogenic shock.
Sepsis in hospital 47(15.7)  61(205) 015 0.7 (0.54-1.08) N Engl ) Med 2012; 367: 1287-96.
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e Randomized, prospective, open-label, 2-center trial
e 25 patients

e IMPELLA 2.5 (12 pts) vs IABP (13 pts)

e STEMI and NSTEMI complicated by CS

¢ Cardiogenic SHOCK definition: from the SHOCK Trial

« PCI (92%), CABG (8%)

Seyfarth, M. A randomized clinical trial to evaluate the safety and efficacy of a percutaneous left
ventricular assist device versus intra-aortic balloon pumping for treatment of cardiogenic shock caused

by myocardial infarction. J Am Coll Cardiol 2008;52:1584—-1588.



RANDOMISED COMPARISON:
TandemHeart vs. IABP
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e Randomized, prospective trial

e 41 patients
e TandemHeart (21 pts) vs IABP (20 pts)
e STEMI and NSTEMI complicated by CS

e Cardiogenic SHOCK: SBP < 90 mmHg > 30 min or
inotropic support requirement, Cl < 2 I/min/mq, impaired organ
perfusion (UO < 30 ml/h, clammy skin, lactate > 2, ), elevated
LV filling pressures (PCWP > 15 mmHg).

e Exclusion criteria: age .75 years, mechanical complications of
AMI, duration of CS > 12 h, RV failure, sepsis, significant
AR, severe cerebral damage, resuscitation > 30 min, severe
PVD.

« PCI (95%), CABG (5%)

Thiele, H. Randomized comparison of intra-aortic balloon support with a percutaneous left ventricular assist device
in patients with revascularized acute myocardial infarction complicated by cardiogenic shock.

Eur Heart ) 005;26:1276-1283.




ECMO: Evidence from a
retrospective trial

eSingle-centre retrospective comparison

¢ 46 profound CSMI patients: primary PCl + ECMO (between 2002 and 2009)
Vs.

¢ 25 profound CSMI patients: only PCI (between 1993 and 2002)

* Profound shock: profound shock was defined as systolic blood pressure < 75 mmHg despite intravenous
inotropic agents and IABP support associated with altered mental status and respiratory failure.

® 30-day survival in the ECMO group was 60% vs. 35% in the historical group

100
Log-Rank p=0.003
g 801 . 60% SURVIVAL BENEFIT
[ H
> :
w . 35%
= 40 - [ ]
o %
2
O 204 e \ith ECMO support
wummen \ithout ECMO support
0 T T T !
Follow-up 0 10 20 30 (Day
At risk | With ECMO 48 32 31 28
(n) | Without ECMO 25 7 7 7

Early extracorporeal membrane oxygenatorassisted primary percutaneous coronary intervention improved 30-
day clinical outcomes in patients with ST-segment elevation myocardial infarction complicated with profound
cardiogenic shock. Crit Care Med 2010;38:1810-1817.



STATE OF THE ART:
PRESENT GUIDELINES

|ABP

Table4 Guideline recommendations of percutaneous assist devices in cardiogenic shock complicating myocardial infarction

Indication Assist device European Guidelines American Guidelines German-Austrian
Guidelines
Cardiogenic IABP IIb/B Intraaonic balloon pumpingguaybe concidered in aemodynamic support for patients with cardiogenic shock | f#  In patients undergoing
shock patients with cardiogenic shock (Killip class IV) after STEMI who do not quickly stabilize with fibrinolysis
pharmacological therapy 4 Inpatients
undergoing PCI
f  In patients with
mechanical
complications
Left ventricular  Jf IIb/C lV assist devices gay be considered for circulatory lternative left ventricular (LV) assist devices for circulatory Routine use not
assist devices support in refractory shock in patients with support may be considered in patients with refractory recommended
cardiogenic shock (Killip class IV) cardiogenic shock.

Impella Tandem ECMO
Heart

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-
segment elevation. Eur Heart J 2012;33:2569 - 2619

Cardiogenic shock due to myocardial infarction: diagnosis, monitoring and treatment —a German-
Austrian S3 Guideline. Dtsch Arztebl Int 2012;109:343 - 351

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a report of

the American College of Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines. Circulation. 2013;127:e362-e425




San Raffaele Hospital IABP 2013:
Patient population by etiology

Etiology Number

27
Pre-operative
16.3%
65
Post cardiotomy
39.2%
10
VT ablation
6%
19
Cardiogenic shock
12%
23
Cardiac arrest
13.9%
' 4
Septic shock
2.4%
17
CathLab
10.2%
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In hospital mortality by etiology
Etiology  suvived  Exitus

: 22 5
Pre-operative
81.5% 18.5%
8 7
Post cardiotomy >
89.2% 10.8%
9 1
VT ablation
90% 10%
12 7
Cardiogenic shock
63.2% 36.8%
8 15
Cardiac arrest
34.8% 65.2%
1 3
Septic shock
25% 75%
17 0
CathLab

100% 0%




Impact of right ventricular dysfunction in
|ABP-treated patients

60 10 70
Normal RV function

85.7% 14.3% 100%

58 23 81
Abnormal RV function

71.6% 28.4%* 100%

118 33 151
Total

78.2% 21.8% 100%

« P =0.036

In the presence of RV dysfunction, the mortality of IABP-
treated patients is doubled




FE

Postoperative EF and mortality

60

32% 27%

40

20

0 1 p = 0.059
Survived Exitus



BACKGROUND for contemporary
and future applications of IABP

Reduction of major and minor complications: can be further
improved by optimization of management

Broad spectrum of patients’ size: critical for ‘small ECMO’
Lack of evidence to favor other MCS devices

Ease for ‘upgrading’ : vascular access is not violated for larger
approaches

Other MCS have same contraindications or limitations: PVD,
AR, Dissection

The easiest to use cardiac assist



IABP: FROM THE OLD TRENDS TO THE FUTURE
"EXTENDED’ INDICATIONS

CONVENTIONAL APPLICATIONS

*CARDIOGENIC SHOCK MI TREATED WITH PCI/CABG
*HIGH RISK PCI
*MECHANICAL COMPLICATIONS OF Ml

*FAILURE TO WEAN FROM CPB



EXTENDED INDICATIONS

e PREOPERATIVE BEFORE CARDIAC SURGERY

e OTHER TYPES OF CARDIOGENIC SHOCK (MYOCARDITIS, DECOMPENSATION OF CHF)

e BRIDGE TO LVAD-HTx

e PROPHYLACTIC BEFORE VT ABLATION

e LV UNLOADING IN VA-ECMO

e RV DYSFUNCTION

e TRANSPORTATION



Federico Pappalardo
Marina Pieri

Michele De Bonis
Giulia Maj

Maria Grazia Calabro
Silvia Ajello

Giulio Melisurgo
Alberto Zangrillo

RV DYSFUNCTION

Cardiac support with IABP

during venovenous ECMO
for ARDS

Need for inotropic agents strikingly reduced

Table 1 Transesophageal echocardiographic data and hemodynamics

Patient Initial right Initial left Right Tricuspid Central Systolic Inotropic ABP
ventricular ventricular ventricular annular venous pulmonary score
function function end diastolic  plane systolic  pressure artery pressurg
diameter (mm) excursion (cm) (mmHg) (mmHg)

Initial After Initial After Initial After Initial Afterf Initial After Initial After

24 h 24 h 24 h 24 h 24 h 24 h

1 Severe dysfunction Normal 38 38 - 1.3 14 10 40 49 46 20 0 Yes

2 Severe dysfunction Normal 35 38 - - 17 12 68 75 50 36 0 Yes

3 Severe dysfunction Normal 35 35 - 1.7 8 8 20 24 70 18 0 Yes

4 Severe dysfunction Severe 40 33 - 2.0 14 12 - 41 50 19 0 Yes
dysfunction

5 Severe dysfunction — - - - - 23 11 36 43 130 5 0 Yes

6 Severe dysfunction Severe - - - - 8 9 61 49 56 31 es  Yes
dysfunction

Intensive Care Med (2013) 39:1152-1153



Escalation of therapy:

On top of VA ECMO
Plus VA ECMO
On top of IABP




MANY SCENARIOS

* Intensive care unit
e Operating theater
 Cathlab

* Electrophysiology

*  ‘Mobile’ unit




ecmo LoADS - WE NEED TO UNLOAD THE Lv!!!

P ] - -' T Y 4

“ ECMO, as a right-to-left bypass, improves peripheral vascularization in patients with
heart failure, but may result in overloading of dysfunctional left heart chambers and
pulmonary edema. This overload, in turn, impairs myocardial perfusion, further

i ncreasing LV dysfunction.”’

Jouan et al Jour of Hrt Lung Transplant June 2009

.. i n trying to get LV recovery ECMO is not
| oading strategy..”?

Rastan et al — Jour. of Thor. and Card Surgery, Feb 2010

34



BEYOND CIRCULATORY SUPPORT:
LV VENTING

VA-ECMO increases LV afterload secondary to retrograde blood flow

|

The increased afterload prevents aortic valve opening
LV volume overload

Pulmonary vascular injury

Stasis with thrombus formation within the LV cavity
Increased wall stress and sub-endocardial ischaemia
Pulmonary venous congestion



SIGNS OF LEFT VENTRICULAR OVERLOAD

ECHO: VENTRICULAR DISTENSION

ECHO: STASIS IN THE LV

INVASIVE HAEMODYNAMICS: HIGH FILLING PRESSURES

CHEST RADIOGRAM: PULMONARY EDEMA, “WET” LUNG AND PULMONARY INFECTIONS




Percent survival (%)

LV VENTING

Acute lung injury after mechanical circulatory support implantation
in patients on extracorporeal life support: an unrecognized problem’

David Boulate®, Charles-Edouard Luyt’, Matteo Pozzi*, Michaela Niculescu?®, Alain Combes®,

e CHEST RADIOGRAM: PULMONARY EDEMA

¢ SWAN-GANZ CATHETER/ECHO: HIGH FILLING PRESSURES

¢ ECHO: VENTRICULAER DISTENSION

IN PATIENTS ON ECLS UNDERGOING VA-ECLS BRIDGE TO MCS

100+

Pascal Leprince* and Matthias Kirsch**

No ALl (n=40) ALl (n =15)
%Survival | PAUSNIS  oiqryival | Patients
80- 76.2t6.9 25 303 £12.2 5
67.1+7.9 21 13.3+8.8 2
60.4+8.4 18
50.3+88 12
60-
o + No ALI
1 L+ Patients with NO ALI (n = 40, 21 deaths)
20 ' P <0.001 - ALl
e RS S SRS Patients with ALI (n = 15, 13 deaths) 87%
0.

0 30 60 90 120 150 180 210 240 270 300 330 360
Time after long-term device implantation (days)

Boulate, D. Acute lung injury after mechanical circulation support implantation in a patient on
extracorporeal life support: a unrecognized problem. Europ J Cardio-Thor Surg. 2013



LV VENTING STRATEGIES

1.|1ABP ) \\inimally invasive
= Poorly effective
Contraindicated in AR
2. Apical LV cannulation via left minithoracotomy mmssmm) Effective |

mmm) Surgical morbidity and mortality
mmmm) Concern of air embolism

3. Central ECMO cannulation wssssm) Fffective

_ Requires surgery

4. Transseptal left atrial cannulation =mmmm) NoO surgery
mmmm) Does not fully prevent stasis/thrombus in the LV cavity

_ Concern of air embolism

5. IMPELLA mmmmm) Fffective in decreasing LV diameter, wedge and pulmonary pressures
mmm) Effective in preventing stasis/thrombus in the LV cavity

) Sfe: no risk of air embolism, stasis or
clotting

Cheng A. Impella to Unload the Left Ventricle During Peripheral Extracorporeal Membrane Oxygenation. #SAIO
Journal 2013; 59:533-536.



Cardioseptic shock




LV venting: new ECMOs require new IABPs.....




LV venting: new ECMOs require new IABPs.....




A new combination: pLVAD and IABP




A new combination: pLVAD and IABP
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LVAD and RV failure




SHOULD WE ABANDON IABP?

Non inferiority

Subgroups with significant benefits (<50y)

Long tem outcome is not for MACE

High number of ‘violators’ in all studies: clinicians strongly believe in its benefits!

No differences in complications (leg ischemia, stroke, sepsis): SAFE



NEW PERSPECTIVES

We need to identify ‘non-responders’

May be CPR (45% in SHOCK-II) is for ECMO
We need other devices ON TOP of IABP

Timing is crucial and deployment of mechanical support should be earlier in
remote centers, before malperfusion

Beware of invasive technologies in frail patients!!

Optimize management and define strategies for anticoagulation, evaluation of
efficacy and weaning



LIMITS IN THE USE OF |IABP

Identification of the functional scale of the left ventricle and severity of shock
Timing

Monitoring during the procedure

The ‘track’ of MCS for cardiogenic shock

Most of the mortality can be attributed to the gap on ‘UPGRADING’



IS ECMO BETTER?

Extracorporeal Life Support for Cardiogenic Shock

or Cardiac Arrest Due to Acute Coronary Syndrome
Shingo Sakamoto, MD, Norimasa Taniguchi, MD, Shunsuke Nakajima, MD, and

Akihiko Takahashi, MD

Departments of Cardiology and Cardiac Surgery, Sakurakai Takahashi Hospital, Hyogo, Japan

Background. Few data are available on the clinical
outcome of patients with acute coronary syndrome (ACS)
complicated by refractory cardiogenic shock or cardiac
arrest who receive percutaneous extracorporeal life sup-
port (ECLS). We investigated the in-hospital outcome
and predictors of mortality in these patients.

Methods. The investigation was a single-center, retro-
spective cohort study of 98 ACS patients who received
ECLS to reverse hemodynamic collapse refractory to
conventional treatment.

Results. Circulatory status before ECLS introduction
was cardiogenic shock in 34, ventricular fibrillation or
pulseless ventricular tachycardia in 23, and asystole or
pulseless electrical activity in 41. Ninety-four patients
(95.9%) underwent emergency revascularization, includ-
ing 92 who received percutaneous coronary intervention
and 2 who received isolated coronary artery bypass
grafting. Successful angioplasty was achieved in 65 of 92
patients (70.7%). Fifty-four patients (55.1%) were weaned
from ECLS, and ECLS-related complications occurred in

35 (35.7%). All-cause in-hospital mortality rate was 67.3%,
and the survival rate to hospital discharge was 32.7%.
Multivariate analysis revealed that independent predic-
tors of in-hospital mortality were unsuccessful angio-
plasty, asystole or pulseless electrical activity before
ECLS introduction, and ECLS-related complications.

Conclusions. Despite hemodynamic support with
ECLS, patients with ACS complicated by cardiogenic
shock or cardiac arrest refractory to conventional treat-
ment had high mortality. However, the higher than 30%
in-hospital survival rate in this extremely critical popu-
lation indicates that ECLS might improve outcomes in
ACS by saving the lives of patients in this specialized
category. Unsuccessful angioplasty, asystole or pulseless
electrical activity before ECLS introduction, and ECLS-
related complications were predictors of in-hospital
mortality.

(Ann Thorac Surg 2012;94:1-7)
© 2012 by The Society of Thoracic Surgeons



Don’t know...., but jump on your patient if you are
confident with technology




Mechanical circulatory support
UNIT —

- NEW PROFESSIONAL PROFILE

- DEDICATED UNIT

- COMPREHENSIVE MECHANICAL CIRCULATORY
SUPPORT AND TRANSPLANTATION

- TEAM WORK

- RESEARCH






