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Patient — Case

72 years, male patient

Onset of angina 17:00 h, worsening symptoms and severe dyspnea
21:00 h

112 (911) call 21:30 h

Mechanical ventilation because of lung edema

Arrival Heart Center Leipzig 22:30 h

Blood pressure: 77/61 mmHg

Heart rate: 125/min
Arterial lactate: 5.8 mmol/l
Cold skin and extremities
Catecholamines

CVRF: Hypertension, HLP, Diabetes
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Anterior STEMI — Cardiogenic Shock
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Revascularization Strategy?

Cardiogenic Shock

Culprit lesion
only + Staged
Revasc.

Toqether with
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Multivessel PCl in STEMI?
ESC STEMI Guidelines 2017

STEMI, no shock

2012 2017
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STEMI, shock
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Anterior STEMI — Cardiogenic Shock
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CULPRIT-SHOCK Trial — 30-Day Results M4

Primary study endpoint — 30 days

All-cause mortality or renal replacement therapy All-cause mortality — 30 days
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Multivessel PCI in Shock - Guideline Evolution
ESC STEMI Guidelines 2017 — Revascularization Guidelines 2018

STEMI (NSTEMI), Cardiogenic Shock

2017 2018
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1-Year Mortality/Renal Replacement Therapy 4

o Died o
cement

Number at risk:

Culprit-lesion-only PCI

Immediate multivessel
PCI
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1-Year Mortality — Landmark Analysis S

Relative Risk (95% ClI)
0.84 (0.72-0.98); P=0.03
——

100

90
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— Multivessel PCI — Culprit-lesion-only PCI
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Who D
Cause

40

30

” Relative Risk (95% Cl) 1.08 (0.60-1.93); P=0.86

10 ———— ]
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umber at risk: Days since randomization
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MCS?

1. IABP?

2. Impella?

3. TandemHeart?
4. ECMOQO?

5

E— No MCS?
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Currently Available MCS

Right Left ventricular support
ventricular support M
] |
I Fal / \
25
a) Impella RP ) Ta"de;":ea" c) VA-ECMO d) IABP e) |mpe||a}g-g f) TandemHeart  g) iVAC 2L
Flow: max. 4.0 L max. 4.0 L max. 7.0 L 2.5-50L max. 4.0 L max. 2.8 L
Pump speed: 33.000 rpm max. 7.500 rpm max. 5000 rpm fhax. 51.000 rpm max. 7.500 rpm 40 mil/beat
Cannula size: 22F 29F 14-19 F arteria 12-14F 12-19 F arterial 17 F
17-21F venous 7-8F 21F venous
Insertion/ Fermoral vein Internal jugular Femoral artery] Femoral artery [Femoral artery Femoral artery Femoral artery
Placement vein Femoral vein Femoral vein
for LA access
LV Unloading - - - k (+) ) + - ++ ++ +

RV Unloading + + ++
ESC Longress woria Longress

" . s @
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Randomized Trials — Cardiogenic Shock

Trial Follow-up n/N n/N _ Mortality Relative Risk - 95% CI
Revascularization (PCI/CABG) Relative Risk - 35% Cl
SHOCK ear 81/152 100/150 —— 0.72 (0.54;0.95)
SMASH days 22/32 18/23 — - 0.87 (0.66;1.29)
Total 103/184 118173 __ . Control better 0.82 (0.69;0.97)
Type of revascularization bty ascuianzation
CULPRIT-SHOCK 30 days 149/344 176/341 —-— 0.84 (0.72;0.98)
Culprit-lesion-only PCI I edi ulti | PCI
Vasopressors bethtF;l’:l lesion-only t::trtner iate m vessel
SOAP-2 (CS subgroup) 28 days 50/145 64/135 —— 0.73 (0.54,0.97)
Levy et al. 28 days 4/15 5/15 - 0.80 (0.27;2.30)
OptimaCC 28 days 8/30 13/127 - 0.55 (0.27;1.10
Total 62/190 82/177 - 0.70 (0.54;0.91
Inotropes Norepinephrine Dopamine or epinephrine
Funrﬁwann et al. 30 days 5/16 10/16 Ee‘tef—-T "ec“ef N 0.33 (0.11;0.97)
Glycoprotein lib/llla-Inhibitors ) susmendenbefier | Commibde
PRAGUE_7 |n—hOSplta| 15/40 13/40 Up-stream Abciximab - Standard treatment 1.15 (059 2 27)
NO-Synthase-Inhibition better better
TRIUMPH 30 days 97/201 76/180 - 1.14 (0.91:1.45)
SHOCK I 30 days 24/59 7/20 ] 1.16 (0.59;2.69)
Cotter et al. 30 days 4/15 10/15 = : 0.40 (0.13;1.05
Total 125/275 93/215 |0 . nase - 1.05 (0.85;1.29
Hypothermia inhibition better : Placebo better
IABP I =3 . VPOI STia beter Eontro Better : 'W' = —’)
IABP-SHOCK | 30 days 7/19 6/21 E > 1.28 (0.45:3.72)
IABP-SHOCK I 30 days 19/301 123/298 . = 0.96 (0.79-1.17)
Total 126/319 129/319 ABP better P convorveter 0.98 (0.81;1.18)
Thiele et al. 30 days 9/21 9/20 e SE— 0.95 (0.48;1.90)
Burkhoff et al. 30 days 9/19 5/14 - > 1.33 (0.57-3.10)
ISAR-SHOCK 30 days 6/13 6/13 = 1.00 (0.44-2.29
IMPRESS-IN-SEVERE-SHOCK 30 days 11/24 12/24 —a— 0.92 %0.50-1.66;
Total 35/77 32/71 ’ 1.01 (0.71;1.44)

ether wit MCS better IABP better
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OB ong-Term Mortality — ITT-Population
90 - 6-Year Mortality
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ESC and AHA/ACC Guidelines 2012-2018
IABP in cardiogenic shock

Class IC — |Ib B — I

ClassIB — llaB

Van de Werf et al. Eur Heart J. 2008;29:2909-2945

Roffi et al. Eur Heart J. 2016;37:267-315
i : . Q9 _ Windecker et al. Eur Heart J. 2014;35:2541-2619
Antman et al. Circulation. 2004;110:82-292 Ponikowski et al. Eur Heart J.2016/37:2129-2200 , o

O’Gara et al. Circulation. 2013;127:€362-€425  |panez et al. Eur Heart J 2018;39:119-177




IABP + Other Devices Use

US Registry: 144.254 patients with cardiogenic shock

Intra-aortic balloon pump use
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ECMO Use in Germany

va-ECMO
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Currently Available MCS

Right Left ventricular support
ventricular support

1 I
25
a) Impella rRp P) TandemHeart .y s Fcmo d) IABP e) Impella]‘g:g f) TandemHeart | g) iIVAC 2L

RA-PA
| &’

Flow: max. 4.0 L max. 4.0 L max. 7.0 L 2.5-50L max. 4.0 L max. 2.8 L
Pump speed: 33.000 rpm max. 7.500 rpm max. 5000 rpm max. 51.000 rpm max. 7.500 rpm 40 mil/beat
Cannula size: 22 F 29F 14-19 F arterial 12-14 F 12-19 F arterial 17 F

17-21F venous 7-8F 21F venous
Insertion/ Fermoral vein Internal jugular Femoral artery Femoral artery [Femoral artery  Femoral artery femoral artery
Placement vein Femoral vein Femoral vein

for LA access
LV Unloading - - - (+) &- -+ +t / +
RV Unloading — + + 4 - = _ _
Esu Lcongress worid congress

" . s @
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Actual Metaanalysis MCS

Mortality, N=148

100 —

20 —
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Mortality (%)
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p=0.93: log-rank

Active MCS

IABP

Number at risk
IABP
71

Active MCS
i

53
52

10 15 20
Time after randomisation (days)

48 43 40

50 47 47

25 30
39 39
45 42
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Actual Metaanalysis MCS

Summary Effects

Cardiac index
MD 0.32 (95%CI -0.24;0.87), p=0.14

I I I I I
-2 =1 (o] 1 2
Favours IABP Favours MCS

Leg ischaemia
RR 2.64 (95%CI 0.83;8.39), p=0.10

1 | | | I |
0.1 02 05 1 2 5 10
Favours MCS Favours IABP

Bleeding /
Transfusion

Bleeding
RR 2.50 (95%C| 1.55;4.04), p<0.001

I I I
0.1 0.2 05 1
Favours MCS

I |
5 10
Favours IABP

Arterial lactate
MD -1.36 (95%Cl -2.52;-0.19), p=0.02

I T
-10 -5
Favours MCS

I I
5 10
Fawvours IABP

SVR |
Pro-inflammation

Catecholamine sensitivity 1
Contractilityd

Acute

myocardial infarction PCWP

MD -5.59 (95%CI -15.59;4.40), p=0.14

systolic

LV dysfunction
diastolic

.e ol
-

. » T T T T
LVEDP T -20 -10 [¢] 10 20
Lung cedema Favours MCS Favours IABP

Mean arterial pressure
MD 11.85 (95%CI 3.39;20.31), p=0.02

Hypoxaemia

T T | — T
-40 -20 o 20 40
Favours IABP Favours MCS

schaemla

Progressive
LV dysfunction

30-day mortality
RR 1.01 (95%Cl 0.70;1.44), p=0.98

T

Le""

-

- I I I

0.1 0.2 0.5
Favours MCS

1 I I
2 5 10
Favours IABP
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Impella vs IABP — Matched Comparison

All Impella Pahents 3 Kl Aidlarisuye
570 patients Endpoint: 30-day all-cause mortality
Patients from IABP-SHOCK Il vs. matched Impella patients
100
Excluded patients
o 3 patients above 90 years %0
__| o 73 patients with CPR duration of more than 30
minutes or unknown &0
o 122 patients with onset of shock more than 12
h before presenting to the hospital 70
\ E3
& 1 .
Impella cohort IABP-SHOCK Il cohort 3 o i s
. 3 £
372 patients 600 patients g
40
i 30
Matching
Criteria: Gender, age in 10 years, CPR, lactate, 20
EF in 10% classes, ventilation :l
10
= |mpella group = |ABP-SHOCK Il group
0
0 5 10 15 20 5 30
Patients at risk Time (days)
: Days 0 5 10 15 20 25 30
IABP vs. Impella Matched pairs Impela w7 161 148 139 27 124 123
JABP-SHOCK Il 237 161 145 135 130 127 127

115 vs. 115 patients 237 vs. 237 patients

ESC Congress World Congress * ®
Paris 2019 of Cardiology Schrage et al. Circulation 2019;139:1249-1258



Impella vs IABP — Complications

60 - P=0.64
48.5 164 W Impella

1

>0 P<0.01

40 - 35.3

M Control

%
30 -

20 -

10 -

O .

30-day Mortality  Peripheral complication Life-treatening/severe Sepsis
bleeding

ESC_ Congress ;:':r;é C’_nnqress ° @
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Currently Available MCS

Right Left ventricular support
wventricular support M
A 1 |
: ( 25
a) Impella RP ©) TE;";;"EBE"" c) VA-ECMO d) IABP e) |mpe||a}g-g f) TandemHeart  g) iVAC 2L
&
Flow: max. 4.0L max. 4.0 L max. 7.0L 25-50L max. 4.0 L max. 2.8 L
Pump speed: 33.000 rpm max. 7.500 rpm max. 3000 rpm max. 51.000 rpm max. 7.500 rpm 40 mil/beat
Cannula size: 22F 29F 14-19 F arterial 12-14 F 12-19 F arterial 17 F
17-21F venous 7-8F 21F venous
Insertion/ Fermoral vein Internal jugular | Femoral artery | Femoral artery Femoral artery Femoral artery Femoral artery
Placement vein Femoral vein Femoral vein
for LA access
LV Unloading - - i (+) + - ++ ++ +
RV Unloading o + + k ++ ) - - - -

ESC_ Congress World C’_nnqress @
N il CATRgY Thiele et al. Eur Heart J 2019:40:2671-2683



ECMO in Cardiogenic Shock

Metaanalysis

Cardiogenic shock - 30-day survival

ECLS Control Absolute
n/N n/N risk difference
ECLS versus IABP
Settler 2014 8/12 4/12 = 0.33 (-0.04 - 0.71) ﬁg (heterogeneity) = 0.98
Sheu 2010 28/46 7/25 —_— 0.33 (0.10-0.55) [I'=0%
Pooled 36/58 11/37 i 0.33 (0.14 - 0.52)
p = 0.0008
ECLS versus Impella/TandemHeart )
Chamogeorgakis 2013 30/61 9/18 -0.01 (-0.27 - 0.25) B~ (_heterogenelty) =0.79
Lamarche 2010 18/32 18/29 ? -0.06 (-0.30 - 0.19) | =0%
Pooled 48/93 27147 -0.03 (-0.21 - 0.14)
p =070
Pooled 84/151 38/84 ~l— 0.14 (-0.08 - 0.35) p (heterogeneity) = 0.06
p=0.20 I = 60%
-1 0.5 ) 0.5 1

Favours control Favours ECLS

ESC Congress World Congress

Paris 2019 of Cardiology Ouweneel et al. Intensive Care Med 2016:42:1922.1934



ECLS-SHOCK | (n=42)

LV EF

%)
]
|

Ln
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|

Left Ventricular Ejection Fraction (LVEF)
o8] =
o o
1 1

Pl
o
|

———— max
|
[

— 1 min

— —— max

[ I
min

ECLS (Survivors, n = 17)

ESC Congress World Congress
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T
Control (Survivors, n = 14)

Survival Probability

Mortality

1.0 S
0.8 A 9%

Control L (o)
06 - 339

=0.37
0.4 g
0.2
0.0
T T T T T T
0 5 10 15 20 25 30
Days After Randomization
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Estimated Mortality?
In Cath Lab post PCI

20-30%
40-50%
50-60%
60-70%
70-80%

Al
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Mortality Prediction
Patient Selection for MCS?

Score

Variable

Points

Risk categories

Age =73 years
History of stroke
Glucose >10.6 mmol/l *

Creatinine >132.6 ymol/l *

Category Points
Low 0-2
Intermediate 3/4
High 5-9

Serum lactate =5 mmol/l *

TIMI flow after PCI <3
Maximum

W0 R M= = R

ESC Congress ".:'Jorlud Congress
Paris 2019 of Cardiology

Poess et al. JACC 2017:69:1913-1920



SHOCK] |
Mortality Prediction

Patient Selection for MCS?

IABP-SHOCK Il Cohort CardSHOCK Validation Cohort
Pairwise log-rank test:
100 | =480 patients 3/4 vs. 0-2 p<0.0001 Pair-wise log-rank test:
5-Qvys. 0-2 pqow{}‘l . 34 vs. 0-2 p=0.012
100 n=98 patients 5-9 vs. 0-2 p<0.0001 — Score 5-9
80 Score 5-9
—_ 80
£ 60
E Score 3/4 = 60 et Score 3/4
1? 40 ‘_:"
S £
= 5 40
20 score02 | % —  Score 02
20
0
0 5 10 15 20 25 30 0
. 0 5 10 15 20 25 30
Time (days)
Time (days)

ESC_ Congress ;.:::;rld (':_nnqress -
Paris 2019 of Cardiclogy Poess et al. JACC 2017;69:1913-1 320



How to Prevent MODS?

Mechanical support device?
Optimal timing

(early versus late, futile situation?)

MODS
prevention/
therapy
Optimal < > Prevention of
Support device-complications
(Flow 2-7 I/min) (device malfunction, limb ischemia,

esc Congress sy Congress hemolysis, bleeding, |nfect|on/|nflammat|on).
Parls 2019 of Cardiology Zeymer and Thiele. JACC 2017;69:288-2?)0



Patient Selection?

ohort Q\

- )
50-60 Mlal without 40-50% do not survive

| 7 \jce !

Cohort B 3

100% Device

use

- A SIL) L

15-25% ojpo
) 25%

S
ESC Congress World
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Randomized Trials — Cardiogenic Shock

| Eollow-up n/N n/N . Mrta"ty : Relative Risk - 95%
Revascularization (PCI/CABG) =ldative - 907
SHOCK 1gear 81/152 100/150 —;— 0.72 (0.54;0.95)
SMASH 30 days 22/32 18/23 — - 0.87 (0.66;1.29)
Total 103/184 118173 __ - 0.82 (0.69;0.97)
CULPRIT-SHOCK 149/344 176/341 : 0
VaSOpre pere e
SOAP- 2 (CS subgroup) 28 days 50/145 64/135 —— 0.73 (0.54;0.97)
Levy et al. 28 days 4/15 5/15 = 0.80 (0.27;2.30)
OptimaCC 28 days 8/30 13/27 —.—— 0.55 {0.27;1 .10}
Total 62/190 82/177 - 0.70 (0.54;0.91
wltRe) wite] hiasaRinanise RapaRlisttinRinaRisis
Fuhrmann et al. 30 days 5/16 10116 " w0 et 0.33 (0.11;0.97)
Glycoprotein IIb/IIIa-Inhfbitors ) Levosimendan better Control better
NPORgG LtJ’ITE-7 hibi In-hospital 15/40 13/40 t,pt_tst,eam Abciximab - Et?t"dard treatment 1.15 (0.59;2.27)
-oyninase-innidIition etter H etier
TRIUMPH 30 days 97/201 76/180 —.— 1.14 (0.91;1.45)
SHOCK I 30 days 24/59 7120 ] 1.16 (0.59;2.69)
Cotter et al. 30 days 4/15 10/15 = : 0.40 (0.13;1.05
Total 125/275 93/1215 |0 L nace - 1.05 20.85;1 .29;
Hypothermia inhibition better H Placebo better
’AEEOCK-COOL 30 days 12/20 10/20 Hypothermia better —.— Cormrol better 1.20 (0.68;2.17)
IABP-SHOCK | 30 days 7/19 6/21 o » 1.28 (0.45;3.72)
IABP-SHOCK Il 30 days 19/301 123/298 - 0.96 (0.79-1.17)
Total 126/319  129/319 <@ Conoivener 0.98 (0.81;1.18)
Mechanical circulatory support etter
Thiele et al. 30 days 9/21 9/20 e 0.95 (0.48;1.90)
Burkhoff et al. 30 days 9/19 5/14 ] = 1.33 (0.57-3.10)
ISAR-SHOCK 30 days 6/13 6/13 o7 1.00 (0.44-2.29
I_IMPR;ESS IN-SEVERE-SHOCK 30 days 11/24 12/24 — 0.92 %0.50-1.66;
ota wgether wi 38I77 32im MCS better ‘ IABP better 1.01(0.71;1.44)
ESC Congress World Congress 0025050751 15 2 25 3
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Treatment Algorithm — Cardiogenic Shock

I Cardiogenic shock complicating infarction (STEMI or NSTEMI) I

Cause of Leftventricular dysfunction (~80%) | Right ventricular dysfunction (~7%) | [_ Mechanical complication (~13%)
cardiogenic shock

VSD (~4%) Il Mitral reg. (~7%) ” Free wall rupture (~2%)

Heart Team

Catheterization
laboratory/OR

[ NeruwnePSiofreniRAlesienstis) ]

o T .
s E ©
w = .= (]
S8zt
= ©
555 [ Pulmonary artery catheter (11b/C) ]
SBEce L ventistoysuppowO.accordingtobloodgesescey |
c
T2ES2 [ Invavenous motopesio mcremsscardimc owmm o) |
o '2 8 g’ g Intravenous inotropes to increase cardiac output (I1b/C)
C — T
0‘8 g 3 S £ Vasopressors (norepinephrine preferable over dopamine) in presence of persistent hypotension (I1b/B)
(=]
Ultrafiltration in refractory congestion not responding to diuretics (I1b/C)
v v
[ IABP (11a/C) ]
B I = I
— = A .
=3 ¥ Yoo Stabilization? No 3
= B
c
= g‘ I Weaning I | Short-term percutaneous MCS in selected patients/refractory cardiogenic shock (II1b/C) I
[
S < v
=3z - .
2 * Yes Recovery cardiac function? T{
o -
| Weaning |— Severe neurclogical deficit? .
Yes No YAge, comorbidities?
I Long-term surgical MCS
T
k2 v ¥
_— = Bridge-to Destination Bridge-to
cqether with recovery therapy transplant

ESC Congress World Congress

. . R
Parls 2019 of Cardlology Thiele et al. Eur Heart J 2019; in press



EURO SHOCK Initiative

Presentation with Cardiogenic Shock complicating acute

Myocardial Infarction

(SBP<90mmHg, Oliguria with urine output<30ml/hr, cool peripheries +/-

altered mental state, cardiacindex <1.8).

v

Group 1
Standard Therapy

Complete revascularisation +/-1ABP +
Norepinephrine / Dobutaminetitrated to

attain MABP > 60mmHg

y

| Response to Therapy

|

v

Group 2
Standard Therapy +

ECMO
Started immediately following PCI

A\ 4

‘ Response to Therapy

Yes
Continue allocated treatment
Wean off within 7 days

Paris 2019

* - Deflned as SBP<75mmHHg and Urine Output <30ml/ hr for 36hrs
ESC Congress World Congress

of Cardiology

A

No — Refractory CGS*
Add-on therapy:
1. Levosimendan
2. Impella/ECMO

|

Yes
Continue allocated treatment
Wean off within 7 days

Primary end-point: 12-month Death/Readmission with Heart Failure

A

No — Refractory CGS*
Add-on therapy:
1. Levosimendan




ECLS-SHOCK Initiative

ECLS-SHOCK
Patient in cardiogenic shock after acute myocardial
infarction
*
T ek,
¥
Informed consent
(3 different versions)
¥
Follow-up period:
i e it
Follow-up 30 days
Telephone tollosw-up
Egligw-up & months
Tabaphons folkow-up
Duality of life assessrrent (Euraol 50)
Follow-up at 12 months
Telephone follow-up
Togetrer with Qualkty of life azeessrment (Eurcdol SD)
ESC Congress World Cc @

Paris 2019 of Cardiology



ECLS-SHOCK - Centers A\

ECLS-SHOCK

Together with

ESC Congress World Congress ® )
Paris 2019  of Cardiology st e



DanShock goes DANGER Trial

Acute MI (STEMI < 36 h)

Primary Endpoint:
Total Mortality

| " eLactate > 2.5 mmol/l

Shock _
*Hemodynamics

Inclusion criteria < SBP <100 mmHg or
| Vasopressors

PCI (CIABG)

\—* LV-EF < 35%
Randomlization

A

A

Standard treatment
Vasopressors/Inotropes
Mechanical ventilation
+ IABP pre PCI (n=180)

Standard treatment
Vasopressors/Inotropes
Mechanical ventilation

+ Impella CP pre PCI (n=180)

ESC Congress W-cmprlud Congress
Paris 2019 of Cardiology



Hemodynamics MCS Cardiogenic Shock

 IABP | | pLvAD

D ’(' # 'JH‘J. D /'
.---"'_..I- ‘H_,"' | L _______.--" I

ECMO | | ECMO+pLVAD

9 P
T | | B — |

TTTTT

ESC Congress Wo -m-cu-ndre
Paris 2019 of Cardiology




Inclusion in Cardiogenic Shock Trials
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Thank you!
holger.thiele@medizin.uni-leipzig.de
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