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Background

JABP in Cardiogenic Shock

History:

Animal studies
Moulopoulos et al. Am Heart J 1962;63:669-675

First clinical description in shock
Kantrowitz et al. JAMA 1968;203:135-140

Hemodynamic effects in shock,
Mortality unchanged
Scheidt et al. NEJM 1973;288:979-984

> 1 Million patients treated, low complication rate,
Benchmark registry
Ferguson et al. JACC 2001;38:1456-1462
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INTRA-AORTIC BALLOON COUNTERPULSATION IN CARDIOGENIC SHOCK
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Abstract Eighty-seven patients with cardiogenic
shock were treated with the intra-acrtic counterpulsat-
ing balloon in 10 institutions according o a common
protocol. Clinical and physiologic responses were fa-
worgbbe in most patients. Heart rate fell from 110 = 24
(mean + 5.0 )10 103 ¢ 21 beals per minute, systolic
arterial pressure (Caferlosd ) fell irom 78 + 2210 57 +
17 mrm Hg, diasiolic arterial pressure increased from 53
=+ 1210 B3 £ 19 mm Hg, and mean arterial pressure did
not change. Cardiac output increasad 500 mi per min-

RF,!‘-'ITIVING vilume from the aortic root during
systole and returning it during diastole, counter-
pulsation, decreases left ventricular work but main-
taing mean perfusion presure. Arerial presire b
reduced during systole and augmented during dias-
tole, " Early experimental** and clinical trials*"" sug-
gested that the intra-aortic counterpulsating balloon
could clfectively render circulatory asistance to the
failing heart. To obiain a wider experience, the Co-op-
erative Study was organized in 1969 1o carry out large-
scale clinical testing of the counterpulsating balloon, It
was decided that the intra-aonic balloon weuld be
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ute, and a decrease in lactate production or increase in
lactate axtraction by the myocardium occurred in 18 of
19 patients with melabolic studies. Fifty-two patients
died during balloon assistance, and 35 survived; 15 of
the survivors lefl the hospital, and eight have lived for
maore than one year. Attempts to predict survival in ad-
wance, of from response to balloon counterpulsation,
were generally unsuccessiul, and pracise indications
for initiation and fermination of ballogn counterpulsa-
tion remain in doulbt. {N Engl J Med 288 979-084, 1973)

tested in trearment of patents with cardiogenie shoek,
a clinical syndrome associaced with morality in excess
al 85 per cen.'"

Marenias asvn MeTnons

Each of the 1{limstitinsans pamicipating in 1he Coapemtive Study
i.l{hrt'd 1o trcal cardiogenie shock msuliang lone scue svocalial
pnlareiws acearchag ioa commen ||ru|n:u| AN paticnis had definide
avute nvocardial infarcien as documentod cither by the appear-
ance of nuw dhectrmcardiographic O waves [ 73 patecnis) or by a rvpi-
cal histoay folloswed by characiersbe changes in serum activity af
g|uumr: roalaseis hisk 14 pa-
LiEnis |

The disgnmis of cardfugenic shock was made only when all the
[odlowing criveria were saisfied. The first was that the amerial svsind-
i pressure was bess than B0 mm Ha, as dererméned by divso intrs-ar-
terial measurement. Secomdly, wrine lew frem an ingwellmg blsd-
der canhierer ol ks thas M ml e howar o smpairment of menial
et sl atiribuiable 1o dneg or previoos cardiupul METAry arresi
wigs presenl, Thindly, by povolemia was excloded as a cavse of shock
unles lefi ventricular Blling pressure was maore than 12 mm Hg as
devermined by direci memurement, pulmonary capillary “wedige™
pressureor pulmonary -anery diastolic pressure or clinical sigrs of pul-
MoNAry Congestion were apparent. a irial expansion of ineravascular
volume was atiempoed (69 patiens mer these criteria, and in 18
athers only 2 measurement of central venous pressure was available).
In spine o the serinis limitatsns of exirapokieng e eentiml veious
1o lelt ventricular flling pressare, ' cemiral venas presiere sver 7 s
Hyg (nver Lhem of waner | was asiened lor e purjsnes of the preseai
repart bexchude the presence ol hypovolemia, The linal requiremeni
was correclicn of posdble contribustony or poicwiiating facton, such
ars arrhivthmia of possible bemodynamic consequence, severe pain,
hypoxemia, hy poventilation or acidemia

All pariena= received a crial of “standard™ medical therapy in an
attempt to ressore normal blood pressure. Lanorcpimephrine was
adminissered by imravenous imfision w 79 padens Oocaslonally,

tider o creadine phisg

52 of 87 pts died
(60%)

At that time
expected death
85%



Benchmark Registry (2001)

*1996-2000, 203 hospitals worldwide (90% U.S), 16,909 patient
case records (68.8% men, 31.2% women; mean age 65.9 +/- 11.7
years).

*The most frequent indications for use of IABP were
*hemodynamic support during/after cardiac cath (20.6%)
ecardiogenic shock (18.8%)

*weaning from cardiopulmonary bypass (16.1%)
*preoperative use in high risk patients (13.0%)
*refractory unstable angina (12.3%)

*Major IABP complications (major limb ischemia, severe bleeding,

balloon leak, death directly due to IABP insertion or failure)

occurred in 2.6% of cases

*In-hospital mortality was 21.2% (11.6% with the balloon in place).

*Female gender, high age and peripheral vascular disease were

independent predictors of a serious complication.



Hemodynamic Basis For Use in
Cardiogenic Shock

e Reduce afterload

* Increase diastolic coronary perfusion pressure
* Modestly increase coronary blood flow

* Have minimal effects on cardiac output

e Have an excellent safety profile

* Are easy to use

e Help stabilize patients with cardiogenic shock and
provide hemodynamic support for patients
undergoing PCI

/& Interventional
j 'y VKLY EpucarTion



Packared™® |JABP-Use in Cardiogenic Shock

IABP Use (%)

Thiele et al. Eur Heart J 2010,31:1828-1835




Management of CS: Mechanical

revascularization

m SHOCK trial

m Randomized pts. to emergency revascularization (within 6 hrs of
randomization, JABP recommended) versus initial medical
stabilization (IABP and Tx recommended).

m SHOCK Registry (April 1993-August 1997)

m Of 1492 pts screened, 152 pts assigned to revascularization vs. 150 to
medical treatment (1190 nonrandomized pts).

m Included:

m CS with STEMI or new LBBB within 36 hours from infarction and
randomization up to 12 hours from the CS diagnosis, IABP use was
encouraged.

m Excluded:

m Severe systemic illness

Mechanical causes of shock

m
m Severe valvular disease
m Inability of revascularization Hochman et al., NEJM, 1999



Benetit of early revascularization
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Long-term survival of CS after eatly

revascularization
All Patients Hospital Survivors
1.07
Log-Rank P=.03
0 08 Farly Revascularization
ﬁ 061
.g Early Revascularization
2 041 Initial Medical Stabilization
0
1 0.2
| Initial Medical Stabilization Log-Rank P= .03
O I I I I I I I I I I
0 2 4 6 8 10 0 2 4 6 8 10
Years Since Randomization NNT= 8 Years Since Randomization
No. at Risk
ERV 162 06 42 33 18 3 17 06 42 33 18 3
IMS 150 38 29 18 9 2 66 38 29 18 9 2

The previously reported differential
Hochman et al., JAMA, 2006 treatment effect at 1y for patients>75
years no longer statistically significant.



Guideline Recommendations for IABP in
AMI Complicated by Cardiogenic Shock
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IABP-Shock-Il Trial

Acute MI (STEMI/NSTEMI)

Exclusion criteria: l' ~ SBP <90 mm Hg
Shock A 12_ hours _ Shock or vasopressors
Resuscitation >30 minutes m and siens of
Mechanical complication l, h gf :
Aortic regurgitation>grade Il Planned PCI (CABG) S BOREIISSION
Age > 90 years ‘l’

Randomization

|
v !

PCI (CABG) PCI (CABG)
IABP no IABP

Primary End Point: 30-Day Mortality

a® Interventional
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Thiele H, et al. N EnglJ Med. 2012;367:1287.1 héart., Medscape



Trial Flow and Treatment

790 patients with AMI and cardiogenic shock screened

180 excluded because of exchusion criteria
- 60 no informed consent

- 47 resuscitation =30 minutes

- 18 shock duration =12 hours

- 18 severe peripheral artery disease

- 14 participation in another trial

- 13 no intrinsic heart actity

- B mechanical complication

- 3 shock of other cause

- 3 comorbidity with life expectancy <8 months
- 2 severe cerebral deficit

-2 age =00 years

301 randomized to IABP
= 288 received |ABP
= 13 did not receive IABP
- 10 died before IABP insartion
- 3 protocol viclation
(2 not suitable for revascularization, 1 serious kinking)

301 intended early revasculanzation

= 287 primary PCI

= 3 primary CABG

* 11 no revascularization
- 3 not suitable for revascularization
- 4 coronary artery disease with no identifiable culprit lesion
- 4 no coronary artery disease

300 with 30-day follow-up
- 1 lost to follow-up

300 primary endpoint analysis

l




Results

Patient Characteristics

Age (years); median (IQR)
Male sex; n (%)

Current Smoking; nftotal (%)
Hypertension; nitotal (%)
Hypercholesterolemia; nftotal (%)
Diabetes mellitus; nftotal (%)

Prior myocardial infarction; n/total n (%)

Fibrinolysis < 24 h before randomization; nftotal (%)

STEMULBBB; nitotal (%)
NSTEMI; nitotal (%)

Resuscitation before randomization; nftotal (%)

Signs of impaired organ perfusion; n/total (%)
Altered mental status
Cold, clammy skin and extremities
Oliguria
Serum lactate =2.0 mmol/l

Creatinine clearance (mlfmin); median (IQR)

Infarct related artery; nftotal (%)
LAD
LCX
RCA
Left main
Bypass graft

Multivessel disease; nftotal (%)

Left ventricular ejection fraction {%); median (IQR)

70 (58-78)
202 (67.1)

96/295 (32.5)
2131296 (72.0)
1221295 (41.4)
105/297 (35.4)

717300 (23.7)
28301 (9.3)

2001300 (66.7)
96/300 (32.0)

1271301 (42.2%)

215/300 (71.7)
257/300 (85.7)
90/300 (30.0)
226/300 (75.3)

60.7 (43.4-86.6)

1321293 (45.1)
55293 (18.8)
731293 (24.9)
26/293 (8.9)

71293 (2.4)

235296 (79.4)
35 (25.45)




Results

Treatment + Process of Care Outcomes 'Is‘}_-leigcl(ﬂ

Variable IABP (n=301)

Primary PCI: nitotal (%) 287/301 (95.3)
Stent implanted; nitotal (%) 273/301 (90.7)
Drug-eluting stent; nitotal (%) 126/301 (41.9)
Immediate PCI of non-culprit lesions; nitotal (%) 90/301 (29.9)
Immediate bypass surgery; nitotal (%) 8/301 (2.7)
Staged bypass surgery; nitotal (%) 3/301 (1.0)
Active left ventricular assist device; n/total (%)
Mild hypothermia; nitotal (%) 106/301 (35.2)
Mechanical ventilation; n/total (%) 240/301 (79.7)

Mechanical ventilation duration (days); median (IGR) 3.0 (1.0-8.0)
ICU treatment (days); median (IQR) 6.0 (3.0-12.0)
Renal replacement therapy; nitotal (%)

Catecholamines (pg/kg per minute); median (IQR)

Dopamine 4.1(2.9-7.7)
Norepinephrine 0.3 (0.1-1.2)
Epinephrine 0.3 (0.1-1.3)
Dobutamine 10.2 (4.9-20.8)

Duration of catecholamines (days), median (IQR)

Time - hemodynamic stabilization (days); median (IQR)
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Renal Function (eGFR)
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Results Serum Lactate
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Inflammatory Reaction (CRP) !s%l%gcm
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Results

|IABP
Primary Study Endpoint (30-Day Mortality) S H}|
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P=0.92 by log-rank test
Relative risk 0.96; 95% CI 0.79-1.17; P=0.69 by Chi2-Test
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Results

Subgroups (30-Day Mortality)

30-Day Mortality (%) Relative Risk  P-Value for
Baseline Variable IABP Control (95% CI) Interaction

Female 44.4 432 1.03 (0.74-1.43) 0.61
Male 373 405 0.92 (0.72-1.18)

Age <50 years 194 441 0.44 (0.21-0.95) 0.09
%g 2%15 years 346 365 0.95 (0.71-1.27)
yea 537 400 1.07 (0.81-1.41)

Diabetes 429 46.7 0.92 (0.67-1.26)
No diabetes 3722 38.9 0.96 (0.74-1.23)

Hypertension 429 1.06 (0.84-1.34)
No hypertension 28.9 0.67 (0.45-1.01)

STEMULBBB 410 _ 0.96 (0.77-1.21)
NSTEMI 375 _ 0.98 (0.67-1.43)

Anterior STEMI 354 0.81 (0.58-1.13)
Non-anterior STEMI 483 1.16 (0.85-1.57)

Previous infarction 479 L 1.44 (0.93-2.21)
Mo previous infarction 373 : 0.86 (0.69-1.07)

Hypothermia 481 1.09 (0.82-1.44)
Mo hypothermia 351 0.89 (0.68-1.16)

Blood pressure <80 mmHg 507 1.09 (0.79-1.50)
Blood pressure 280 mmHg 359 0.92 (0.72-1.17)




Safety

Stroke in-hospital n/total (%)

GUSTO bleeding; n/total n (%)

Life-threatening/severe
Moderate

Peripheral ischemic complication
requiring intervention; n/total n (%)

Sepsis; n/total n (%)

IABP (n=300)

2/300 (0.7)

10/300 (3.3)
52/300 (17.3)

13/300 (4.3)

47/300 (15.7)




IABP-SHOCK Il Trial: No Benefit/No Harm

Strengths:
* Largest randomized shock trial ever performed
* 600 patients included within 32 months
* 12-month follow-up: 99.2%
Limitations:
* No hemodynamic shock assessment
* 10% crossover to IABP

* Majority of patients received IABP following PCI

/e Interventional
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Patients in IABP-SHOCK Il Trial

e Mortality rate lower than expected -- 40% vs expected
56%

e Ejection fractions relatively high
e Relatively high blood pressures; median 90/55 mm Hg
* Mild to moderate cardiogenic shock

* 86% did not require hemodynamic support (IABP) during
PCI

* One-third of patients were NSTEMI

e 40% of patients had previous CPR and cardiac
resuscitation

/& Interventional
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Clinical Implications

* [n mild to moderate cardiogenic shock use
catecholamine/pressors rather than IABP?

— Catecholamines increase myocardial oxygen demand

e Start IABP early
e Consider severity of cardiogenic shock
e Little to no downside risk -- safety of IABPs

e |ABP use may allow for more complete
revascularization

/e Interventional
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Randomized Studies in Cardiogenic Shock "sAH%chH

Relative Risk Relative Risk
Trial Follow-up n/N n/N 95% CI 95% CI

Revascularization (PCUCABG)
SHOCK 1-year 76/152 831149 0.80 (0.66;0.98)

SMASH 30 days 2232 18123 0.87 (0.66;1.29)
Total 1031184 1171172 0.82 (0.70;0.98)

Early revascularization
better

Catechoclamines
SOAP II (CS Subgroup) 28 days 50/135 0.75 (0.55;0.93)

Morepinephrine
better

Glycoprotein lib/llla-Inhibitors )
PRAGUE-7 In-hospital 15/40 13/40 1.15 (0.59;2.27)

Up-stream Abciximab Standard treatment
NO Synthase Inhibitors better better
TRIUMPH 30 days 97/201 76/180 1.14 (0.91;1.45)
SHOCK-2 30 days 24/59 7/20 1.16 (0.59;2.69)
Cotfter et al 30 days A/15 10/15 0.40 (0.13;1.09)
Total 125/275  93/215 1.05 (0.85;1.29)
MO Synthase inhibition
IABP betier
IABP-SHOCK | 7119 6/21 1.28 (0453.72)
IABP-SHOCK I 119/300 123/298 0.96 (0.79;1.17)

Total 126/319  129/319 0.98 (0.81:1.18)

IABF
LVAD iABP

Thielke et al 921 920 0.95 (0.48;1.90)
Burkhoff et al 919 5/14 1.33 (0.57-3.10)
Seyfarth et al 6M3 613 1.00 (0.44-2_29)

Total 24/53 20/47 1.06 {0.68-1.66)
LVAD IABP

better betber
0025050751 1652 25 3
Updated from Thiele et al. Eur Heart J 2010,31:1828-1835




Cardiogenic Shock

e A spectrum of a disease with varying degrees of
severity

e Some but not all patients respond to IABP therapy
e Possible reasons for lack of response

— Hypovolemia
— Tachycardia

* Need to select appropriate patients/identify if
IABP has unloaded the heart

/& Interventional
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Goals of Percutaneous Circulatory Support

In Acute Myocardial Infarction and Cardiogenic
Shock

1. Stabilize systemic perfusion and improve multi-organ function at the
time of emergent revascularization

2. Reduce LV wall stress and stroke work
3. Augment coronary perfusion

4. Potentially allow for more complete revascularization (ie,
thrombectomy, multivessel intervention, bifurcation therapy, and left
main PCl)

a® Interventional
e héart., Medscape



