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The case of the
|ABP?
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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., N Engl ] Med 2012.

METHODS

In this randomized, prospective, open-label, multicenter trial, we randomly assigned
600 patients with cardiogenic shock complicating acute myocardial infarction to
intraaortic balloon counterpulsation (IABP group, 301 patients) or no intraaortic
balloon counterpulsation (control group, 299 patients). All patients were expected
to undergo early revascularization (by means of percutaneous coronary intervention
or bypass surgery) and to receive the best available medical therapy. The primary
efficacy end point was 30-day all-cause mortality. Safety assessments included major
bleeding, peripheral ischemic complications, sepsis, and stroke.
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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., N Engl | Med 2012.
50+ P=0.92 by log-rank test
Control
40~
|ABP
X 30
=
&
% 20
=
10+
0 T 1 I I ! I
0 5 10 15 20 25 30

Days since Randomization

Al 4 [ Pitic Paris Cardiology Institute alain.combes@aphp.fr www.paris-tcsecmo.org




Intra-aortic balloon counterpulsation in acute myocardial
infarction complicated by cardiogenic shock (IABP-SHOCK 1l):
final 12 month results of a randomised, open-label trial

www.thelancet.com Published online September 3, 2013
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Research

Original Investigation

Intra-aortic Balloon Pump Therapy
for Acute Myocardial Infarction
A Meta-analysis

Yousif Ahmad, MRCP; Sayan Sen, PhD; Matthew J. Shun-Shin, MRCP; Jing Ouyang, BA; Judith A. Finegold, MRCP;
Rasha K. Al-Lamee, MRCP; Justin E. R. Davies, PhD; Graham D. Cole, MRCP; Darrel P. Francis, MD

JAMA Intern Med. 2015;175(6):931-939.
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Intra-aortic Balloon Pump Therapy
for Acute Myocardial Infarction

A Meta-analysis JAMA Intern Med. 2015:175(6):931-939.

IABP

Control

Odds Ratio Favors : Favors

Study or Subgroup Events Total Events Total (95% Cl) IABP : Control
Cardiogenic shock

Ohman et al, 8 2005 8 30 9 27 0.73(0.23-2.27) ——

Prondzinsky et al,1% 2010 7 19 6 21 1.46 (0.39-5.51) S

Thiele et al,2 2012 119 300 123 298 0.94 (0.67-1.30) .

Subtotal (95% ClI) 349 346 0.94 (0.69-1.28) O

Total events 134 138

Heterogeneity: 12=0.00; x2=0.62, df=2 (P=.73); I2=0%
Test for overall effect: z=0.39 (P=.69)

RCTs: IABP vs. Control for Mortality
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EUROPEAN doi:10.1093/eurheartj/ehu278
SQCIETY OF
CARDIOLOGY #

@ European Heart Journal ESC/EACTS GUIDELINES 9

2014 ESC/EACTS Guidelines on myocardial

revascularization

Routine use of IABP in patients
with cardiogenic shock is not
recommended.

|ABP insertion should be
considered in patients with
haemodynamic
instability/cardiogenic shock due
to mechanical complications.
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Forget the IABP alone
to support AMI-CS...

4

. IABP
tation dicrotic NOtCh | e 1ABP
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Short-term mechanical
support for Refractory
Cardiogenic Shock

What is the evidence?




2014 ESC/EACTS Guidelines on myocardial

revascularization
European Heart Journal Advance Access published August 29, 2014

Patients with mechanical
complication after acute

myocardial infarction require :
immediate discussion by the

Heart Team.

Short-term mechanical

circulatory support in ACS b

patients with cardiogenic shock
may be considered.
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VA-ECMO is now the
first line device...

In the context of acute
refractory cardiac failure




VA-ECMO is best
because...

Easy and rapid set-up, Local anesthesia, Emergency situations+++

Limited cut-down, No sterno/cardiotomy

Reliable, Less expensive, Biventricular support
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JABP in addition to
VA-ECMO for
cardiogenic shock???
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Pulmonary edema

 Due to an increase in LV afterload
created by the backward ECMO
flow

* More frequent
e With peripheral VA-ECMO
* |f no residual LV ejection

* Increase in LV afterload

* Aortic regurgitation
* LV dilation
* Mitral regurgitation
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Pulmonary edema under VA
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Management of pulmonary edema
under peripheral ECMO

e ECMO increases LV afterload+++

* Solutions to decrease LVEDP
* Dobutamine for improving LV ejection
e Decrease ECMO flow

Atrial Septostomy

Transeptal LA drainage

Impella®

Switch from femoral to central ECMO...

 With a LV drainage cannula...
* Use 2 ECMO systems, as for a BiVAD

Intra aortic balloon pump?
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|JABP + ECMO?
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Rationale for using the IABP???

e Diastolic inflation
* |ncreases coronary perfusion

* |ABP deflation
* Rapid decrease in LV afterload

e Under VA-ECMO
 Prevent LV dilation?
e Decrease in LVEDP?
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Intra-Aortic Balloon Pump Effects on

Macrocirculation and Microcirculation in

Cardiogenic Shock Patients Supported by

Venoarterial Extracorporeal Membrane Oxygenation Crit Care Med, 2014

Objectives: This study was designed to assess the effects on
macrocirculation and microcirculation of adding an intra-aortic
balloon pump to peripheral venoarterial extracorporeal membrane
oxygenation in patients with severe cardiogenic shock and little/
no residual left ventricular ejection.

Patients: \We evaluated 12 consecutive patients before and 30
minutes after interrupting and restarting intra-aortic balloon pump.
Interventions: Measurements were performed before, and 30
minutes after interrupting and restarting intra-aortic balloon pump.
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Intra-Aortic Balloon Pump Effects on
Macrocirculation and Microcirculation in
Cardiogenic Shock Patients Supported by

Venoarterial Extracorporeal Membrane Oxygenation Crit Care Med, 2014
Variable IABP On IABP Off IABP Restart p?
Heart rate 99+ 21 101217 103+20 0.07
Systolic BP (mm Hg) 103120 102120 100122 0.75
DBP (mm Hg) TA£17 88+t16 72+16 0.002
Mean BP (mm Hg)® g7t14 92+16 84+16 0.06
Pulse pressure (mm Hg) 29+ 292 156+13 29+ 24 0.02
DBP increase (mm Hg) 134+ 40 — 125+ 26 —
Pulmonary artery catheter

Pulmonary artery systolic pressure, mm Hg 2419 20111 23+10 0.01
Pulmonary artery diastolic pressure, mm Hg 1617 19+10 16+9 0.04
Mean pulmonary artery pressures, mm Hg 198 24+10 1919 0.02
Pulmonary artery-occlusion pressure, mm Hg 1518 19+10 15+8 0.01
Central venous oxygen saturation, % 7B3x11 315 1Dx12 0.43
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Intra-Aortic Balloon Pump Effects on

Macrocirculation and Microcirculation in

Cardiogenic Shock Patients Supported by

Venoarterial Extracorporeal Membrane Oxygenation Crit Care Med, 2014
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Intra-Aortic Balloon Pump Effects on

Macrocirculation and Microcirculation in

Cardiogenic Shock Patients Supported by

Venoarterial Extracorporeal Membrane Oxygenation Crit Care Med, 2014
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Intra-Aortic Balloon Pump Effects on

Macrocirculation and Microcirculation in

Cardiogenic Shock Patients Supported by

Venoarterial Extracorporeal Membrane Oxygenation Crit Care Med, 2014

Variable IABP On IABP Off IABP Restart p?

Echocardiographic data

LV end-diastolic dimension (mm) 52+ 14 55+13 A47+13¢ 0.003¢
LV end-systolic dimension (mm) 50t 14 51+13 42+ 13¢ 0.05¢
Velocity-time integral (mm) 25+ 13 25+ 14 26+ 15 0.85
Cardiac output (L/min) 0.79+£0.46 0.77+0.78 0.81+0.74 0.85
Diastolic velocity
Transmitral early peak (cm/s) 49+19 61125 51+26 0.07
Transmitral late peak (A) (cm/s) 32+13 31£9 3112 0.10
Transmitral early/late peak 1.26+0.38 1.95+0.66 1.33+0.36 0.003
Lateral mitral early annular (cm/s) 6.4+2.8 64+25 h.8+19 0.44
Transmitral early peak/lateral mitral early annular 86140 98126 92143 0.31
Systolic mitral annulus velocity (cm/s) 49125 50129 491923 0.90
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The Effect of Intraaortic Balloon Pumping
Under Venoarterial Extracorporeal Membrane
Oxygenation on Mortality of Cardiogenic Patients:

An Analysis Using a Nationwide Inpatient Database
ASO, Critical Care Med, 2016

Design: Retrospective cohort study.

Setting: The Japanese Diagnosis Procedure Combination national
iInpatient database.

Patients: Cardiogenic shock adult patients receiving peripheral
venoarterial extracorporeal membrane oxygenation at admission
were identified in the Japanese Diagnosis Procedure Combina-
tion database from July 1, 2010, to March 31, 201 3.
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The Effect of Intraaortic Balloon Pumping
Under Venoarterial Extracorporeal Membrane
Oxygenation on Mortality of Cardiogenic Patients:

An Analysis Using a Nationwide Inpatient Database
ASO, Critical Care Med, 2016

Cardiogenic shock 3907 applied to VA-ECMO

A total of 2257 were excluded, including

2187 with cardiac arrest at pre-hospital, and

70 patients aged < 19 years-old.

Eligible 1650

l_\—l

IABP combined with
VA-ECMO 604

VA-ECMO alone 1046

Propensity score
1 matching 1

[IABP combined with
VA-ECMO 533

VA-ECMO alone 533
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The Effect of Intraaortic Balloon Pumping

Under Venoarterial Extracorporeal Membrane
Oxygenation on Mortality of Cardiogenic Patients:
An Analysis Using a Nationwide Inpatient Database

IABP
Combined
VA-ECMO With Standardized
Alone VA-ECMO Difference
(n = 1,046) (n =604) (C))

VA-ECMO
Alone
(n =533)

Variables

Age (yn), n (%)

19-39 54 (5.2) 40 (6.6) -6.2 051 31(58)

40-b9 223 (21.3) 116 (19.2) B8 122 (22.9)

60 - 79 612 (685) 359 (59.4) -19 307 (57.6)

<80 157 (15.0) 89 (14.7) 0.8 73 (13.7)
Sex, n (%)

Male 726 (69.4) 436 (72.2) —6.1 023 391 (73.4)
Etiology, n (%)

Ischemic heart disease 473 (45.2) 230 (38.1) 14.5 0.04 217 (40.7)

Heart failure 404 (386) 245(406) -4.0 203 (38.1)

Carditis 74 (7.1) 56 (9.3) -8.0 48 (9.0)

Valvular disease 63 (6.0) 53 (8.8) -105 48 (9.0)

Cardiomyopathy 19(1.8) 15 (2.5) -4.6 10 (1.9)

Takotsubo 9 (0.9 4(0.7) 2.3 6 (1.1)

cardiomyopathy
Infectious endocarditis 4(0.4) 1(0.2) 4.1 1(0.2)

La Pitie Paris Cardiology Institute
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IABP
Combined
With
VA-ECMO
(n =533)

35 (6.6)
107 (20.1)
3156 (69.1)

76 (14.3)

383 (71.9)

209 (39.2)
216 (40.5)
48 (9.0)
42 (79)
13(24)
4(0.8)

1(0.2)

Standardized
Difference
(C))

-3.1 0.71
6.9

-3.0

-1.6

3.4 0.58

3.1 0.94
-5.0

0.0

4.0
-39

3.9

0.0
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The Effect of Intraaortic Balloon Pumping
Under Venoarterial Extracorporeal Membrane
Oxygenation on Mortality of Cardiogenic Patients:

An Analysis Using a Nationwide Inpatient Database
ASO, Critical Care Med, 2016

TABLE 2. Comparisons of Mortality Rates and Proportions of Patients Weaned From
Venoarterial Extracorporeal Membrane Oxygenation

Intraaortic Balloon Pumping

Outcomes VA-ECMO Alone Combined With VA-ECMO

Unmatched groups

28-d mortality 650/1,046 (62.1) 287/604 (475) < 0.001

In-hospital mortality 708/1,046 (67.7) 330/604 (54.6) < 0.001

Weaned from VA-ECMO 685/1,046 (65.5) 505/604 (83.6) < 0.001
Propensity-matched groups

28-d mortality 310/533 (68.2) 258/533 (48.4) 0.001

In-hospital mortality 344/533 (64.5) 298/533 (65.9) 0.004

Weaned from VA-ECMO 391/533 (73.4) 440/533 (82.6) < 0.001
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The Effect of Intraaortic Balloon Pumping
Under Venoarterial Extracorporeal Membrane
Oxygenation on Mortality of Cardiogenic Patients:

An Analysis Using a Nationwide Inpatient Database
ASO, Critical Care Med, 2016
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Intra-aortic balloon pump
prevents from hydrostatic
pulmonary edema during
peripheral veno-arterial ECMO

A retrospective cohort of 259 patients
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

[ 2007-2012 }

601 VA ECMO

PVA post-cardiotomy 148
Central primary cannulation 93
Refractory septic shock 31

» Prior ECMO>7d 18
Isolate RV dysfunction 29
Prior impella implantation 4
Missing data 19

A 4

{ 259 patients J

No-IABP a . [ABP
155 104
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

Nb of ECMO

2007 2008 2009 2010 2011 2012

Year
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

Severity of pulmonary
edema quantified with
radiologic Weinberg
score on chest X-Rays
at d1, d2, d3, d7, d15
after ECMO
implantation
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:

a retrospective cohort of 259 patients
4 ' |ABP +

—1 IABP -

Time after ECMO |mplantat|on

w

Radlologic score
N
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

— | — IABP-  Radiologic pulmonary edema, Weinberg >4
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

Radiologic pulmonary edema, Weinberg >4
Propensity-matched cohort

100+
— |ABP-
80- -—-- |ABP+
o
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ﬂ L L L L]
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IABP- 63 46 28 7
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

Multivariable analysis of factors associated
with Pulmonary Edema during ECMO

DCM | -

Ao TVI<5 i =

Odds ratio
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

Independent factors associated with in-ICU mortality

OR (95% Cl) P

MacCabe 2-3 2.45 (1.30-4.63) 0.006
Myocarditis 0.24 (0.08—0.69) 0.008
Inotropic score >100 2.89 (1.53-5.44) 0.001
Lactate >8 2.30 (1.23—4.29) 0.009
SOFA score

1-9 1

10-14 2.35 (1.06-5.21) 0.040

15-24 7.12 (3.09-16.40) <0.001
IABP associated to ECMO 0.54 (0.29-1.01) 0.057
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Intra-aortic balloon pump prevents from hydrostatic
pulmonary edema during peripheral VA-ECMO:
a retrospective cohort of 259 patients

75

-»- |IABP
.o Centralization

Less need for ECMO
centralization for

; refractory

.. pulmonary edema

‘Ge--H
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Conclusion

* |ABP for AMI-CS should be abandoned...
e Except if VA-ECMO support is scheduled soon after

* In case of minimal LV ejection, IABP prevents pulmonary
edema due to increased LV afterload under ECMO

* Less need for complex LV venting strategies

* If IABP fails to prevent pulmonary edema
* Impella 5.0
* Direct LV venting by LV apical cannulation
* Double Central ECMO = BiVAD ECMO
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