


/T0Z ‘S JequisnoN Uo 1sanb Aq /6.10°S [euino feye suo nuaAeIu0419//:dny wolj papeojumod

Patterson et al

| | |
| | |
300— | | Left Coronary Artery |
| Wa |
| I |
\l | ‘\" I
| I/ |
200— |
| I/ \
I f [
Coronary Blood Flow || 1 I
{ml/min) |‘| | [ |
- 1ra / N
100 | ‘Iu/ \ NS I Right Coronary Artery | ‘I"u
| | ' |
| I |
ol || |
Systole Diastole

Figure 1. Coronary perfusion. Coronary flow is predominantly
diastolic and further enhanced by counterpulsation, which aug-
ments diastolic blood flow and thus coronary perfusion. In addi-
tion, aortic recoil during diastole further improves efficiency of
the left ventricle.

high-risk PCI. They showed significant variation in IABP use
among centers with no difference in adjusted mortality.>® This
is at odds with the earlier results of National Registry of Myo-
cardial Infarction (NRMI)-2 registry conducted between 1994
and 1998, which showed, in patients with AMI and CS, mor-
tality decreased when hospitals exhibited high IABP place-
ment rate.*

Post-MI and Cardiogenic Shock

AMI is complicated by CS in =5% to 10% of cases. Although
death from AMI has decreased with aggressive primary pre-
vention and after wide-scale institution of early urgent revascu-
larization, the incidence of CS after MI remains unchanged.”
The presence of CS is a major adverse prognostic factor and

Figure 2. Systemic arterial pressure waveform on introduction of
intra-aortic balloon pump-assisted diastolic augmentation. The
intra-aortic balloon pump inflates at the dicrotic notch, leading

to peak-augmented diastolic pressure. As the balloon deflates,
assisted end diastolic pressure is seen to be lower than unassisted
end diastolic pressure and assisted systolic pressure is lower than
unassisted systolic pressure. Peak diastolic augmentation should
be greater than the unassisted systolic pressure and both assisted
pressures should be less than the unassisted pressures.
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still the most common cause of hospital mortality (60%—70%)
associated with AML.? In addition to revascularization, opti-
mal drug therapy, vasopressor, and inotropic support, IABP is
the most commonly used mechanical support device to main-
tain hemodynamic stability in an attempt to improve clinical
outcome. The evidence for the use of I[ABP as an adjunct to
PCI in post- MI CS is controversial. A recent meta-analysis of
registry data showed no benefit from the use of IABP in CS
with regard to 30-day mortality independent of reperfusion
strategy, which led to the recent downgrading of the Ameri-
can Heart Association guidelines on hemodynamic support in
post-MI CS from a Class I recommendation to Class IIB.>"*

Early use of IABP in post-MI CS was based predominantly
on small nonrandomized retrospective studies. In the throm-
bolytic era, concomitant IABP in the presence of recombi-
nant-tissue plasminogen activator was thought to enhance
thrombolysis through augmentation of perfusion pressure
and was associated with a reduction in in-hospital and 1-year
mortality when compared with thrombolysis alone.***! In the
late 1990s, the multicenter randomized Should We Emergently
Revascularize Occluded Coronaries for Cardiogenic Shock
(SHOCK) trial showed a benefit to short-, medium-, and long-
term survival incurred by early revascularization post-MI
complicated by CS.* The Thrombolysis and Counterpulsation
to Improve Survival in Myocardial Infarction Complicated by
Hypotension and Suspected Cardiogenic Shock (TACTICS)
randomized trial of IABP-assisted thrombolysis in post-MI
CS did not reach its primary end point of improved 6-month
survival, but there was trend to increased survival with JABP
in patients with significant heart failure.*® One interpretation
is that thrombolysis is an inferior reperfusion strategy, and
this may explain why no benefit has been definitively shown
with TABP after primary PCI. A meta-analysis of IABP use
in patients with AMI showed no effect on outcome; how-
ever, in the subset of AMI and CS, there was significantly
decreased in-hospital mortality with IABP compared with
no IABP.** The Cochrane analysis conducted in 2010 gener-
ated similar results—the efficacy and safety of IABP versus
standard therapy or LV assist device in AMI complicated by
CS was examined—no evidence for survival benefit was seen
with TABP with heterogeneous effects on hemodynamics and
device-related complications (Figure 3).%

The TABP-SHOCK Trial was a prospective randomized
control trial evaluating clinical outcome in 45 patients with
post-MI CS treated with primary PCI with or without IABP
support. This small single center study demonstrated no sig-
nificant difference in APACHE II Score between IABP use
and no TABP use (Table 3).%¢

The TABP-SHOCK 1I trial was the first large-scale mul-
ticenter randomized trial of balloon pump-supported early
revascularization in AMI complicated by CS. This random-
ized 600 patients to IABP or no IABP in addition to optimal
revascularization and intensive care. No benefit was shown
from IABP support on analysis of 30-day mortality, secondary
end points, or any of the subgroup analyses (Table 3).!7 In this
trial, patients with mechanical complications such as ventricu-
lar septal defect and acute mitral regurgitation from chordal
rupture were excluded, where anecdotal evidence strongly sup-
ports IABP implantation based on hemodynamic benefits.”’
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Table 1. 1ABP/Device-Related Complications in Recent Large Registry

Access Site Severe Limb Severe Limb IABP IABP-Related
Registry Years Number  All Bleeding Bleed Ischemia*  Ischemiat Infection Failuret Stroke Death
Ferguson et al 1996-2000 16909 7.0 24 0.8 29 0.9 NR 2.3 NR 0.05
Benchmark registry®
Stone et al 1996-2001 5495 8.1 43 1.4 2.3 0.5 0.1 2.3 0.1 0.05
Benchmark registry™
Cohen et al 1996-2001 22663 5.4 NR 0.9 (access site) NR 0.9 NR 3.6 NR 0.05
Benchmark registry'
Cohen et al 1997-2000 9332 7.1 3.1 0.9 2.6 0.7 NR NR 2.0 0.1
Benchmark registry'
Urban et al 1997-2002 23281 7.2 NR 0.9 NR 0.9 NR 1.2 NR <01
Benchmark registry™
Valente et al 2004-2009 481 1341 NR 6.9 31 NR NR NR NR NR
FLORENCE registry'

All values expressed as %. IABP indicates intra-aortic balloon pump; and NR, not reported.

*Reduced pulse.
TAmputation or loss of pulse/sensation requiring surgical intervention.
$Balloon leak, insertion difficulty, poor inflation/augmentation.

There is evidence to suggest that in the context of AMI
complicated by CS, use of IABP before primary PCI results in
reduced cardiovascular mortality and adverse event rate com-
pared with insertion after primary PCL.*® In ITABP-SHOCK
II, nearly 80% of patients had the TABP inserted post-PCI.
Although comparison to the preprocedural IABP implantation
group revealed no significant difference in all-cause mortality
at 30 days, the baseline characteristics of these 2 groups are
not reported and an imbalance would make it difficult to draw
conclusions from these data. Thus, it must be remembered that
IABP-SHOCK 1I is not a trial of IABP-supported PCI in CS,
and one cannot conclude that the IABP has no role in this
clinical scenario.

It remains unclear under which conditions (timing, clinical
scenarios, and reperfusion) IABP exhibits its beneficial effects.
Until it can be established when IABP is beneficial, conflicting
results may continue to arise from such trials. Despite the ran-
domized controlled trial data (Table 3) suggesting no benefit
to IABP-supported revascularization in post-MI CS patients,
IABP use does not seem to be losing favor among physicians.
IABP insertion should remain at the discretion of the operating
physician and tailored to the clinical picture of the patient.

Post-MI Without Cardiogenic Shock
High risk in the setting of AMI has been defined in sev-
eral ways, including those who have received incomplete

Table 2. 1ABP/Device-Related Complications in Recent Large Randomized Control Trials

Vascular
Minor ~ Severe _complications IABP IABP-Related

Randomized Trials Years Number All Bleeding  Bleeding Minor Major Infection Failure*  Stroke Death
Perera et alt BCIS-1" 2005-2009 151 1ABP 25.2 15.9 3.3 NR 33 NR NR 1.3 NR
150 Control 220 7.3;P=0.02 4.0ns NR  0; P=0.06 NR NR 0 NR
Patel et alf CRISP AMI'®  2009-2011 161 IABP 9.3 NR 3.1 3.1 1.2 NR NR 1.9 NR
176 Control 3.4 NR 1.7 1.1 0 NR NR 0.6 ns NR
Thiele et al§ 2009-2012 300 IABP 41.3 17.3 3.3 NR 4.3 15.7 (sepsis) NR 0.7 NR
IABP-SHOCK I 298 Control 463  164ns  44ns NR  34ns  205(sepsissns NR  1.7ns NR
O’Neill et alll PROTECT II"*  2007-2010 222 |IABP NR NR NR NR 1.4 NR NR 1.8 NR
225Impella2.5 NR NR NR NR 09ns NR NR 0; NR

P=0.04

All values expressed as %. BCIS-1, Balloon Pump-Assisted Coronary Intervention Study; CRISP AMI, Counterpulsation to Reduce Infarct Size Pre-PCl Acute Myocardial
Infarction; IABP, intra-aortic balloon pump; IABP-SHOCK II, Intra-Aortic Balloon Pump in Cardiogenic Shock Il trial; NR, not reported; ns, not significant; and PROTECT
I, Prospective Randomized Clinical Trial of Hemodynamic Support With Impella 2.5 Versus Intra-Aortic Balloon Pump in Patients Undergoing High-Risk Percutaneous

Coronary Intervention trial.
*Balloon leak, insertion difficulty, poor inflation/augmentation.

1Bleeding criteria: Minor bleed, 2-4 g/dL/dI; major bleed, >4 g/dL/dl. Complications defined: Access-site hematoma or leg ischemia requiring surgical or percutaneous

intervention, pseudoaneurysm, femoral artery occlusion.

1Bleeding criteria: In accordance with Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO) criteria. Minor complications: pseudoaneurysm,

hematoma >5 cm. Major complications: major dissection.

§Bleeding criteria: In accordance with GUSTO, moderate vs life-threatening/severe. Major complications: peripheral ischemia requiring intervention.
[IMajor complications: Cardiac operation or abdominal vascular operation or vascular surgery for limb ischemia.


http://circinterventions.ahajournals.org/

/T0Z ‘S JequisnoN Uo 1sanb Aq /6.10°S [euino feye suo nuaAeIu0419//:dny wolj papeojumod

Patterson et al

Intra-Aortic Balloon Pump for High-Risk PCI

715

A Sudy or subgroup IABP Control Odds Retio Weight Odds Retio
M- M-
HRandom95% H,Rendom95%
/N /N Cl Cl
1 1ABP versus non-IABP
Ohman 2005a 6/12 6/10 A 154 % 067[012,364]
Prondzinsky 2010 6/19 521 Tt 228 % 148[037,596]
Subtotal (95% CI) 31 31 ——— 38.1% 1.07[0.36, 3.15]
Totd events: 12 (IABP), 11 (Control)
Heterogeneity: Tau? = 0.0; Chi2 = 050, df = 1 (P= 048); P =00%
Test for overall effect: Z = 0.13 (P= 090)
2 |ABP versus other LVAD
Thiele 2005 9120 921 — 291 % 109[032,375]
Burkhoff 2006 4110 41 - 142 % 117[020,680]
Seyfarth 2008 6/13 6/13 B S 186 % 100[ 021,467 ]
Subtotal (95% CI) 43 45 —— 61.9 % 1.08[0.46, 2.51]
Totd events: 19 (IABP), 19 (Control)
Heterogeneity: Tau? = 0.0; Chi2 = 002, df = 2 (P= 099); ? =00%
Test for overall effect: Z = 0.18 (P = 0.86)
Total (95% Cl) 74 76 — 100.0 % 1.08[0.55,2.09]
Tota events: 31 (IABP), 30 (Control)
Heterogeneity: Tau? = 0.0; Chi2 = 052, df = 4 (P= 097);  =00%
Test for overall effect: Z = 022 (P = 0.83)
Test for subgroup differences; Chi2 = 000, df = 1 (P= 099), > =00%
0102 05 1 2 5 10
Favours IABP Favours Control
Mean Mean
B Sudy or subgroup IABP Control Difference Weight Difference
N Mean(SD) N Mean(SD) IVRandom,95% ClI IVRandom,95% ClI
1 IABP versus non-IABP
Prondzinsky 2010 16 293 (143) 14 244 (067) - 298 % 049[-029,127]
Subtotal (95% CI) 16 14 ——— 298%  0.49[-0.29,1.27]
Heterogeneity: not applicable
Test for overall effect: Z = 123 (P= 022)
2 |ABP versus other LVAD
Thiele 2005 19 119 (0.85) 20 232 (059) —— 356 % -113[-159,-067 ]
Seyfarth 2008 13 184 (0.71) 13 22 (064) —— 346 % -036[-088,0.16]
Subtotal (95% CI) 32 33 ——— 702% -0.75[-1.51,0.00]
Heterogeneity: Tau? = 023; Chi2 = 472, df = 1 (P= 003); 2 =79%
Test for overall effect: Z = 1.96 (P = 0.050)
Total (95% CI) 48 47 —— 100.0% -0.38[-1.23,0.47]
Heterogeneity: Taui? = 047; Chi2 = 1331, df = 2 (P= 0001); ? =85%
Test for overall effect: Z = 0.88 (P= 0.38)
Test for subgroup differences: Chi? = 503, df = 1 (P= 0.02), ? =80%
-2 -1 0 1 2
Favours Control Favours IABP

Figure 3. Cochrane systematic review: comparison of intra-aortic balloon pump (IABP) with control, effect on 30-day mortality rates (A)
and hemodynamics postintervention (B). Cl indicates confidence interval; IABP, intra-aortic balloon pump; and LVAD, left ventricular
assist device. Reprinted from Unverzagt et al*® with permission of the publisher. Copyright © 2011 The Cochrane Collaboration.

Published by John Wiley & Sons, Ltd.

reperfusion (suboptimal PCI result, poor ST-segment resolu-
tion on the ECG, failed thrombolysis) or patients with severe
LV impairment or have a large area of subtended myocardium
at risk. In spite of the variety of definitions, IABP insertion in
such high-risk patients in the absence of CS has repeatedly
shown to be of no benefit.!***! In the pre-PCI era, a study by
Ohman et al*' compared the use of balloon pump compared
with standard therapy and found a lower rate of reocclusion
and adverse clinical event rate in the balloon pump group. The
Primary Angioplasty in Myocardial Infarction-II trial demon-
strated no benefit of balloon pump use over standard treatment
on the clinical end points of all-cause mortality or adverse

cardiovascular events, including stroke, reinfarction, and Kil-
lip class) in 437 patients who underwent primary PCI in the
prestenting era.* The Counterpulsation to Reduce Infarct Size
Pre-PCI Acute Myocardial Infarction (CRISP AMI) trial stud-
ied 337 patients with anterior STEMI not complicated by CS
treated by primary PCI, with a success rate of 96.9%. Patients
were randomized to IABP or no IABP before reperfusion;
they demonstrated no reduction in myocardial infarct size
as assessed by MRI in the IABP group and similar 6-month
mortality in both groups.'® Although not powered to assess
clinical outcome, the incidence of new heart failure and shock
occurred less frequently in the IABP group.
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Table 3. Randomized Control Trials of IABP in Post-MI
Cardiogenic Shock

Reperfusion  Patient  Timing of IABP Primary
Trial Strategy  Numbers Insertion Outcome
TACTICS® Thrombolysis 57 Within 3 h 6 mo all-cause
mortality; No
difference
IABP SHOCK?®*® PPCI 45  Immediately after APACHE Il score*;
No difference
IABP SHOCK II'” PPCI 600 Before (13%) 30 day all-
orimmediately  cause mortality;
after (87%) No difference

APACHE Il indicates Acute Physiology and Chronic Health Evaluation Il Score; IABP,
intra-aortic balloon pump; IABP SHOCK, Intra-Aortic Balloon Pump in Cardiogenic
Shock; MI, myocardial infarction; PPCI, primary percutaneous coronary intervention;
and TACTICS, Thrombolysis and Counterpulsation to Improve Survival in Myocardial
Infarction Complicated by Hypotension and Suspected Cardiogenic Shock.

*Difference over 4 days.

Although CRISP-AMI was unable to demonstrate a benefit
from routine IABP insertion in acute anterior MI in absence of
CS, patients had an average blood pressure of 130/80 mm Hg
and a mean heart rate of 80, suggesting a surprisingly stable
patient cohort given the context of anterior MI. Crossover rate
because of hypotension was also high in this study (9.3%)—it
is likely that these sicker patients reaped the greatest benefit
from IABP use. All patients in CRISP-AMI received revascu-
larization within 6 hours, suggesting considerable myocardial
salvage; this and the short time from IABP to Thrombolysis
in Myocardial Infarction III grade flow potentially creates a
scenario in which little added benefit is gained from balloon
pump use; early revascularization and restoration of flow is
likely to diminish the observed benefit we may have other-
wise seen from TABP use.*” These limitations are not unique
to CRISP-AMI, but in fact represent the inherent difficulty in
recruiting a cohort of critically ill patients into hemodynamic

A
IABP no IABP 30-day mortality

Trial nIN niN risk difference
No reperfusion

O'Rourke 8/14 10/16

Flaherty 4/10 3/10

Overall 12/24 13/26 0.01 (~0.26 to 0.28)
Thrombolysis

Kono 0/23 0/22

TACTICS 10/30 12127

Overall 10/53 12/49 —-0.06 (-0.21 to 0.08)
Primary PCI

Ohman 2/96 2/86

PAMI-II 9/211 7/226

van ‘t Hof 12/118 9/120

Overall 23/425 18/432 0.01 (-0.02 to 0.04)
Overall 45/502 43/507 0.01 (-0.03 to 0.04)

—.1 - D'.5 0 0.5 1

P (het ity)=0.94 ——
Piu%erogene' V) IABP no IABP
P (overall effect)=0.75 Better Better

support trials. There will be an intrinsic degree of bias when
randomizing patients, particularly those who are too sick to
consent or in centers where not inserting a hemodynamic sup-
port device would be considered unethical.

A meta-analysis of [ABP use in AMI in the absence of CS
showed no reduction in mortality but an increase in complica-
tion rates, including major bleeding and stroke in the IABP
group (Figure 4).73* In summary, these data do not sup-
port routine use of IABP in AMI outside the setting of CS.
However, it may be of benefit if there is evidence of impend-
ing hemodynamic instability.

Elective High-Risk PCI

Improved catheter design and advancing technologies mean
that complex PCIs are increasingly considered a viable alterna-
tive to high-risk coronary artery bypass surgery. Such patients
tend to carry a significant risk of procedure-related morbidity
and mortality and often have severe LV impairment, multi-
vessel coronary disease, a last remaining conduit, or pharma-
cologically uncontrolled chest pain.*® Complex coronary
interventions, such as rotational atherectomy, can cause pro-
longed ischemia, and any decision to intervene in a cohort of
patients in whom even transient ischemia from balloon infla-
tion may have disastrous effects must be made cautiously.*
Early studies suggested that elective or prophylactic IABP use
can provide circulatory support for patients undergoing high-
risk PCL" It is thought that prior hemodynamic stabilization
can be protective by maintaining perfusion pressure through-
out the procedure, thus reducing intraprocedural risk.*

The first reported use of elective IABP support in patients
undergoing high-risk PCI in 1990 was in 28 patients with
severe LV dysfunction and either multivessel coronary disease
or left main coronary artery disease. IABP-support was found
to be safe and feasible, with no observed intraprocedural com-
plications of hypotension, death, or MI within 72 hours.*
Briguori et al reported a retrospective study of 133 high-risk

B

IABP no IABP Bleeding rate
Trial nIN nIN risk difference
No reperfusion

O'Rourke 314 0/16 e

Flaherty 1/10 0/10 —_—

Qverall 4124 0/26 et ()17 (-0.01 to 0.35)
Thrombolysis

Kono 5/23 6/22———=1+——

TACTICS 8/30 7127 g

Overall 1353 1349  —~eo— ~0.02 (~0.19 to 0.15)
Primary PCI

Ohman 24/96 14/86 T

PAMI-II 76/211 621226 ——

van'tHol  10/118 9/120 ——

Overall  110/425  85/432 <= 0.06 (0.01 0 0.12)
Overall 127/501  98/508 - 0.06 (0.01 to 0.11)
: -05 -0.25 0 0.25 05

het ity)=0.48 ~ .
rriugsamge"mm IABP no IABP
P (overall effect)=0.02 Better Better

Figure 4. Meta-analysis of randomized control trials of intra-aortic balloon pump (IABP) use, by reperfusion strategy, in acute myocardial infarc-
tion, demonstrating the differences in risk in 30-day mortality (A) and bleeding rate (B). PAMI-Il indicates Primary Angioplasty in Myocardial
Infarction Il trial; PCI, percutaneous coronary intervention; and TACTICS, Thrombolysis and Counterpulsation to Improve Survival in Myocardial
Infarction Complicated by Hypotension and Suspected Cardiogenic Shock. Reprinted from Sjauw et al?” with permission of the publisher.

Copyright © 2009, The Authors.


http://circinterventions.ahajournals.org/

/T0Z ‘S JequisnoN Uo 1sanb Aq /6.10°S [euino feye suo nuaAeIu0419//:dny wolj papeojumod

Patterson et al

Table 4. Cohort Studies and Registry Data of Patients
Receiving IABP Who Underwent Elective or Urgent PCI

Clinical
Number of Indication Clinical
Study Patients for IABP Outcome
AMC CS* 292 PPCl in AMI+CS Mortality: IABP, 46.7%;
no IABP, 28%
NRMI-23! 8671 PPCI with CS Mortality: IABP, 55%;
no IABP, 53%
Cath-PCl 18990 High-risk PCI In-hospital mortality: 4.9%
registry? (10.5% of total)
Benchmark 2282 High-risk PCI Mortality: IABP in AMI, 20%;
registry'® (22.7% of total) IABP in AMI+CS, 30.7%
AMI+CS (27.3%
of total)
Brodie et al'® 213 PPCI (Insertion ~ 30-Day mortality: pre, 37%;
pre vs post PCl) post, 32.4% (P<0.0001)
Cath-laboratory events:
CS, 14.5% vs 35.1%
(P=0.009); high-risk,
11.5% vs 21.9% (P=0.05)
Briguori et al*® 133 Elective In-hospital MACCE: r-IABP,
routine (r) vs 5%; p-IABP, 10% (P=0.29)
prophylactic (p)  cath-laboratory events: 0%
vs 15% (P<0.001)
Mishra et al*® 115 Elective routine 30-Day mortality: r-IABP,

vs prophylactic ~ 27%; p-IABP, 4% (P=0.01)

30-Day MACCE rate:
r-1ABP, 32%; p-IABP,
4% (P<0.01)

AMC indicates Amsterdam Medical Center; AMI, acute myocardial infarction;
CS, cardiogenic shock; IABP, intra-aortic balloon pump; MACCE, major
adverse cardiovascular or cerebrovascular events; NRMI-2, National Registry
of Myocardial Infarction-2; PCI, percutaneous coronary intervention; and PPCI,
primary percutaneous coronary intervention.

patients who underwent PCI with elective IABP (61 patients)
or no IABP (72 patients) support. The area of myocardium
at risk (and extent of multivessel disease) was determined by
applying the jeopardy score—the myocardium is divided into
6 segments of equal perfusion, a score of 2 is applied to each
significant lesion and a further 2 points for each vessel dis-
tal to that lesion, such that a maximum score of 12 can be
achieved.”” In this study, jeopardy score was higher (8.0+2.8
versus 6.7+2.4; P=0.008) in the elective balloon pump group.
Despite this, they found the use of elective IABP was associ-
ated with reduced intraprocedural event rate, but demonstrated
no significant difference in major adverse cardiovascular or
cerebrovascular events (5% versus 10%; P=0.29).* A sum-
mary of cohort and registry data of IABP use in elective or
urgent PCI is provided in Table 4.4

The first randomized controlled trial to examine the use of
elective IABP in high-risk PCI was the Balloon pump-assisted
Coronary Intervention Study (BCIS-1). This study used the
BCIS-1 jeopardy score, a modification on the Duke’s jeop-
ardy score, which also takes into account left main coronary
artery disease and previous coronary artery bypass grafting.”!
Three hundred and one patients with severe LV impairment
(ejection fraction <30%) and severe coronary disease (BCIS-1

Intra-Aortic Balloon Pump for High-Risk PCI 717

Cumulative Mortality Estimates by Treatment Assignment

30 40 50
f L L

Gumulative Mortality (%)
20
!

0 1 4 5
Time (years)
Number at risk
No planned IABP 150 130 17 83 52 19
Planned IABP 151 137 127 111 66 21

No planned IABP ~ ————- Planned IABP

Figure 5. Long-term mortality data from the Balloon pump-
assisted Coronary Intervention Study (BCIS-1) trial, Kaplan-Meier
survival curves for patients undergoing elective high-risk percu-
taneous coronary intervention (PCI) with (solid line) and without
(dashed) intra-aortic balloon pump (IABP). Reprinted from Perera
et al* with permission of the publisher. Copyright © 2012,
American Heart Association, Inc.

jeopardy score >8) were randomized to PCI with (151
patients) or without (150 patients) IABP. Baseline character-
istics were similar in both groups. There was no significant
difference in the in-hospital major adverse cardiovascular or
cerebrovascular event rates (primary outcome) of patients in
the elective IABP (15.2%) compared with no-IABP groups
(16%; odds ratio, 0.94; 95% confidence interval, 0.51-1.76;
P=0.85)." Interestingly, long-term all-cause mortality at a
median follow-up of 51 months was significantly less in the
elective JABP (42 patients) group compared with no IABP
(58 patient; hazard ratio, 0.66; 95% confidence interval, 0.44—
0.98; P=0.039); a 34% relative reduction in long-term all-
cause mortality compared with unsupported PCI (Figure 5).*
The evidence would suggest that routine TABP use does
not provide clinical benefit in patients undergoing high-risk
procedures or those with AMI in the absence of CS. The cur-
rent American Heart Association guidance considers it reason-
able to consider elective IABP in high-risk PCI in a carefully
selected subgroup (Class IIB) but not in patients with AMI in
the absence of CS. BCIS-1 did not support routine IABP use in
patients with poor LV function and extensive territory of isch-
emia undergoing PCI; however, there are some limitations to
the findings of this study. The BCIS-1 jeopardy score assessed
only the amount of myocardium at risk, but not the complexity
of disease (the trial was designed pre-SYNTAX). A 12% cross-
over occurred from the no planned IABP group to IABP, largely
because of procedural hypotension. These patients had a higher
jeopardy score, suggesting that they may have been at higher
risk than the whole study population. Thus, there may be a role
for elective IABP in the higher risk spectrum of these patients.

Alternative Percutaneous Hemodynamic Support
Systems

Impella (Abiomed, Aachen, Germany, MA) is a percutaneous
hemodynamic support system with a pigtail-mounted micro-
axial flow pump that is inserted into the ventricle across the
aortic valve. Blood is delivered from the left ventricle into
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the aorta, thus mechanically unloading the left ventricle with
a reduction in end-diastolic pressure and thus myocardial
oxygen demand. The increase in mean arterial pressure and
decreased EDP is thought to increase coronary flow.%

PROTECT I (Prospective Feasibility Trial Investigating the
Use of the Impella 2.5 System in Patients Undergoing High-
Risk PCI) and The Europella Registry, both observational
studies, demonstrated the safety and feasibility of Impella 2.5
(flow-rate 2.5 L/min) during high-risk PCL.**** On compari-
son of Impella 2.5 with IABP in ISAR-SHOCK (Impella 2.5
Versus IABP in Cardiogenic SHOCK) during high-risk PCI,
the Impella (cardiac index, 0.49+0.46 L/min/m?) provided
superior hemodynamic support over the IABP (0.11+0.31 L/
min/m?;, P=0.02). However, there was no difference in 30-day
mortality (46%) between the 2 groups, although this study was
not powered to demonstrate clinical outcomes.>

The PROTECT II Study is the only randomized control
trial of patients undergoing elective high-risk PCI comparing
Impella 2.5 with IABP. This trial was designed to demon-
strate superiority of Impella over IABP in terms of the primary
outcome of 30-day major adverse events (in-hospital death,
stroke, MI), but was halted early because of futility. Of the 452
patients, no difference in 30-day event rate was demonstrated
between Impella (35.1%) and IABP (40.1%; P=0.277). A trend
toward lower adverse event rate was noted in the Impella arm
(n=219; 40.6%) at 90-day follow up compared with the IABP
arm (n=224, 49.3%; P=0.066) in the intent-to-treat population;
however, this was driven by only 5 further events in the IABP
group.'® A meta-analysis of percutaneous left ventricular assist
device versus IABP in patients with CS demonstrated no early
survival benefit from left ventricular assist device use with
greater bleeding risk, despite superior hemodynamic support,
suggesting percutaneous left ventricular assist device should
not be the first choice of mechanical hemodynamic support.3

Conclusions

IABP implantation can provide additional hemodynamic sup-
port in the setting of elective high-risk PCI and in post-MI
CS. IABP use can reduce procedural event rate and poten-
tially reduce long-term mortality in appropriately selected
patients who are at high risk of adverse events. The use of
IABP should be at the discretion of the operating physician,
but guideline recommendations still support its use in post-MI
CS. Other percutaneous support devices may provide superior
hemodynamic support to IABP, but there are as yet no ran-
domized data to suggest an improvement in clinical outcomes
over IABP. In the context of CS, fluids and inotropic support,
followed by IABP, use should still be the mainstay of treat-
ment. Thus, although these trials seem to convey a negative
message, there is certainly still a role for IABP in carefully
selected subgroup of patients. The IABP is inexpensive, safe,
easy to use, and readily available in catheterization laborato-
ries. We support the use of IABP as a first-line mechanical
support device in hemodynamic shock, as an adjunct to high-
risk PCI where there is a risk of intraprocedural events and
select patient groups presenting with AMI.
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