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PRIMARY PERCUTANEOUS REPER-
fusion for patients with acute
ST-segmentelevationmyocardial
infarction (STEMI) has been

showntoreducemortalityand isconsid-
eredthestandardofcarewhenavailable.1,2

The benchmarked standards for time to
reperfusionhaveshortenedovertime;de-
spite significant reductions in door-to-
balloon times over the past few years in
theUnitedStates,theSTEMImortalityrate
has not significantly improved.3,4

PatientswithacuteSTEMI, represent-
ing30%to45%ofapproximately1.5mil-
lion hospitalizations for acute coronary
syndromesannuallyintheUnitedStates,5

arestill at substantialacutemortalityrisk
with1-yearmortalityestimated tobebe-
tween6%and15%.2,5 Thismayberelated
tomicrovascularobstructionresultingin
no reflow at the time of mechanical rep-
erfusion and infarct expansion over
time.6,7 Additionally, this increase in in-
farctsizeisassociatedwithadverseremod-

elinganddecreased left ventricular (LV)
functionleadingtoheart failureandlong-
term morbidity following STEMI.8,9For editorial comment see p 1376.
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Context Intra-aortic balloon counterpulsation (IABC) is an adjunct to revasculariza-
tion in patients with cardiogenic shock and reduces infarct size when placed prior to
reperfusion in animal models.

Objective To determine if routine IABC placement prior to reperfusion in patients with
anterior ST-segment elevation myocardial infarction (STEMI) without shock reduces myo-
cardial infarct size.

Design, Setting, and Patients An open, multicenter, randomized controlled trial,
the Counterpulsation to Reduce Infarct Size Pre-PCI Acute Myocardial Infarction (CRISP
AMI) included 337 patients with acute anterior STEMI but without cardiogenic shock
at 30 sites in 9 countries from June 2009 through February 2011.

Intervention Initiation of IABC before primary percutaneous coronary intervention
(PCI) and continuation for at least 12 hours (IABC plus PCI) vs primary PCI alone.

Main Outcome Measures Infarct size expressed as a percentage of left ventricu-
lar (LV) mass and measured by cardiac magnetic resonance imaging performed 3 to 5
days after PCI. Secondary end points included all-cause death at 6 months and vas-
cular complications and major bleeding at 30 days. Multiple imputations were per-
formed for missing infarct size data.

Results The median time from first contact to first coronary device was 77 minutes (in-
terquartile range,53 to114minutes) for the IABCplusPCIgroupvs68minutes (interquar-
tile range, 40 to 100 minutes) for the PCI alone group (P=.04). The mean infarct size was
not significantly different between the patients in the IABC plus PCI group and in the PCI
alone group (42.1% [95% CI, 38.7% to 45.6%] vs 37.5% [95% CI, 34.3% to 40.8%],
respectively; difference of 4.6% [95% CI, −0.2% to 9.4%], P=.06; imputed difference of
4.5% [95% CI, −0.3% to 9.3%], P=.07) and in patients with proximal left anterior de-
scendingThrombolysis inMyocardial Infarctionflowscoresof0or1(46.7%[95%CI,42.8%
to 50.6%] vs 42.3% [95% CI, 38.6% to 45.9%], respectively; difference of 4.4% [95%
CI,−1.0%to9.7%],P=.11; imputeddifferenceof4.8%[95%CI,−0.6%to10.1%],P=.08).
At 30 days, there were no significant differences between the IABC plus PCI group and
thePCIalonegroup formajorvascular complications (n=7 [4.3%;95%CI,1.8%to8.8%]
vs n=2 [1.1%; 95% CI, 0.1% to 4.0%], respectively; P=.09) and major bleeding or trans-
fusions (n=5 [3.1%; 95% CI, 1.0% to 7.1%] vs n=3 [1.7%; 95% CI, 0.4% to 4.9%];
P=.49).By6months,3patients (1.9%;95%CI,0.6%to5.7%) in the IABCplusPCIgroup
and 9 patients (5.2%; 95% CI, 2.7% to 9.7%) in the PCI alone group had died (P=.12).

Conclusion Among patients with acute anterior STEMI without shock, IABC plus
primary PCI compared with PCI alone did not result in reduced infarct size.
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Intra-aorticballooncounterpulsation
(IABC)mechanicallyaugmentscoronary
bloodflow,unloadstheleftventricle,and
reducesmyocardialoxygendemand.10,11

Thesefavorablehemodynamiceffectshave
ledtodemonstratedimprovementsinout-
comes,andtherecommendationthatpa-
tientswithacuteMIandcardiogenicshock
be treated with IABC support and reper-
fusion.2,12,13 Although an older random-
ized trial of IABCinpatientsundergoing
percutaneous transluminalcoronaryan-
gioplasty for high-risk STEMI showed a
modest potential effect on recurrent is-
chemia,14morerecentobservationalstud-
iessuggestapossibleclinicalbenefit inpa-
tients with high-risk STEMI receiving
IABC prior to reperfusion with percuta-
neous coronary intervention (PCI) and
stenting,15 with increased clinical use at
an early stage in the United States.16 Pre-
clinicalanimalstudieshavedemonstrated
that unloading of the left ventricle with
IABCprior toreperfusionreduces infarct
size and myocardial salvage.17-19

Therefore, we performed a random-
ized controlled trial to determine if
IABC inserted prior to primary PCI
compared with primary PCI alone
(standard of care) reduced infarct size
in patients with acute anterior STEMI
without cardiogenic shock. In addi-
tion, a 6-month follow-up for clinical
events including all-cause mortality, re-
peat infarction, and new congestive
heart failure was planned.

METHODS
The methods used in the Counterpulsa-
tiontoReduceInfarctSizePre-PCIAcute
Myocardial Infarction(CRISPAMI) trial
havebeenpreviouslyreported.20 Inbrief,
CRISP AMI was a prospective, open, in-
ternational,multicenter(N=30)random-
izedcontrolledtrial todetermine ifa rou-
tine strategy of IABC insertion prior to
primary PCI reduced infarct size in pa-
tientswithacuteanteriorSTEMIwithout
cardiogenic shock. Patients in the stan-
dardofcaregroupofthetrialreceivedpri-
maryPCIwithoutplannedIABCsupport.

Institutional review boards and eth-
ics committees approved the trial, and
each enrolled patient provided writ-
ten informed consent. The Duke Clini-

cal Research Institute (Durham, North
Carolina) coordinated the trial and car-
ried out the data management and
analyses with oversight from the steer-
ing committee. An independent data
and safety monitoring board moni-
tored the study and oversaw the safety
and efficacy of the trial. Members of the
steering committee were involved in
study design, provided oversight dur-
ing the conduct of the study, and had
full access to the data after data lock and
unblinding.

Study Population

Todetermine if IABC reduces infarct size,
a population of adult patients within 6
hours of chest pain onset and planned
primary PCI for acute anterior STEMI
with significant myocardium at risk were
sought for inclusion into the study. A 12-
lead electrocardiogram demonstrating
ST-segment elevation of 2 mm or higher
in 2 contiguous anterior leads or a total
elevation of 4 mm or higher in anterior
leads was required for inclusion dem-
onstrating significant at-risk myocar-
dium. Patients with indications for
planned IABC insertion such as cardio-
genic shock, inability to undergo IABC
implantation, fibrinolysis within 72
hours of presentation, or known contra-
indication for cardiac magnetic reso-
nance imaging (MRI) for end point as-
sessment were excluded. Because the
primary end point was infarct size, pa-
tients with known prior myocardial in-
farction (MI) or coronary artery bypass
graft surgery also were excluded.

Interventions and Procedures

Patients were randomized to prereper-
fusion initiationof IABCandmechanical
reperfusionwithPCI(IABCplusPCI)or
primaryPCIalone.Patients randomized
toreceivecounterpulsationtherapywere
required to have the intra-aortic balloon
inserted and pumping prior to PCI (de-
fined by insertion of the guidewire into
the infarct-related artery). Patients ran-
domized toPCIalonemayhavehadsub-
sequent insertion of IABC if there was
clinical deterioration. Criteria provided
to investigatorsconsideringrescueIABC
and crossover to counterpulsation in-

cludedsustainedhypotensionorcardio-
genic shock, uncontrolled arrhythmias,
andacutemitralregurgitationorventricu-
lar septal defect.

Toensurerapidreperfusion,siteswith
demonstrated ability to meet guideline
standardswerechosen(mediandoor-to-
device time�90minutes).A24-hour in-
teractivevoiceresponsesystemwasused
forstratifiedblockrandomization,which
wasbasedonacomputer-generatedalgo-
rithm. Allocation occurred in random
blocksandwasstratifiedbyregion. Inad-
dition, data regarding the timing of first
medicalcontact,randomization,IABCin-
sertion,andfirstdevicewerecapturedand
monitoredbythesteeringcommitteeand
thedataandsafetymonitoringboarddur-
ingtheconductof the trial toensurecon-
tinued high-quality care.

Forparticipantsrandomizedtoreceive
IABCplusPCI,ballooncounterpulsation
was recommended for at least 12 hours
with a maximum of 24 hours after PCI.
Forpatientswithhemodynamic instabil-
ity,counterpulsationcouldbecontinued
for longerperiodsat thediscretionof the
investigators. Standardguideline-driven
therapy(specifically, theuseofantiplate-
let andantithrombinagents)wasrecom-
mended at the time of PCI at the inves-
tigator’sdiscretioninaccordancewiththe
standardofcareat the institution.2 Inad-
ditiontostandarddemographic informa-
tion, site investigators also reported race
and ethnicity on a standard predefined
case report formtoexplorepotentialdif-
ferences inoutcomes.Sitesalsocollected
data regarding the primary PCI proce-
dures,a12-leadelectrocardiogram,avail-
ablelaboratorytestsandcardiacbiomark-
ers, and concomitant pharmacotherapy
andperformedcardiacMRIrecommended
between 3 and 5 days after PCI.

Cardiac MRI

The cardiac MRI protocol to determine
infarctsizehasbeendescribed.21,22 Ingen-
eral,cardiacMRIusingstandardsequences
wasperformedformicrovascularobstruc-
tion,areaatrisk,LVdimensions,andfunc-
tion. Delayed enhancement infarct size
imagingwasperformedafter intravenous
administration of 0.15 to 0.20 mmol of
gadolinium-chelateadministeredperkilo-
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gram of body weight.23 A central cardiac
MRIlaboratoryattheUniversityofLeipzig
HeartCenter(Leipzig,Germany)qualified
participatingsites,performedqualityas-
sessment on images during the conduct
of the study, and manually performed
blinded assessment for LV myocardial
mass, microvascular obstruction, area
at risk, and infarct size.21 Myocardial
salvage index was calculated as area at
risk − infarct size/area at risk�100.

Outcome Measures

Theprimaryefficacyendpointof thetrial
wasinfarctsizeasapercentageofthetotal
LVmassasmeasuredbycardiacMRI.The
primaryobjectivewas todetermine if in-
farctsizewasreducedwithIABCinatleast
1 of the 2 primary analysis populations:
(1)modifiedintention-to-treat(ITT)pop-
ulation or the (2) subset of the modified
ITTpopulation,which includedpatients
withanondistal left anteriordescending
lesion and Thrombolysis in Myocardial
Infarction (TIMI) flow score of 0 or 1.

Theprimarysafetyendpoint included
all-cause mortality and the rate of major
adverse cardiac events including death,
repeatMI, andheart failureatdischarge,
at30days,orat6months.Secondarysafety
endpointsincludedmajorbleedingevents
definedbytheGlobalUseofStrategiesTo
Open Coronary Arteries (GUSTO) trial,
transfusions,andmajorvascularcomplica-
tionsdefinedtoincludelimbischemiare-
quiringintervention,distalembolization,
majordissection,pseudoaneurysmorar-
teriovenousfistula,hematomalargerthan
5 cm, and amputations. An exploratory
analysis alsowasconducted for thecom-
posite of death, shock, and heart failure.

Statistical Analysis

Baseline characteristics, procedural char-
acteristics, and primary and secondary
outcomes were described using mean,
median, standarddeviation, and25thand
75th percentiles for continuous vari-
ables; frequencies and proportions were
used for categorical variables. For the pri-
mary end point of infarct size measured
by cardiac MRI, the null hypothesis of
equal infarct size between the IABC plus
PCI group and the PCI alone group was
tested using the t test for both of the 2

primary analysis populations. The point
estimate and the P value based on the t
test are reported.

For secondary end points, �2 tests or
Fisherexact tests (for small frequencies)
were used to compare the 2 groups with
discrete outcomes, while t tests or Wil-
coxon tests (for nonnormal data) were
used to compare the 2 groups with con-
tinuous variables. Kaplan-Meier curves
and log-rank tests were used for the sur-
vival analyses to compare the outcomes
oftimetodeathandtimetocompositeend
points.The time toevents (death;death,
MI, or congestive heart failure; or death,
shock,orcongestiveheart failure)analy-
ses includedall randomizedpatientsand
censored individuals at the time of with-
drawal or when lost to follow-up; the
analyses for infarct size for the modified
ITT population included only those in-
dividuals with available data on the
outcome.

To account for missing data, sensitiv-
ityanalyseswereconductedtosupplement
theprimaryanalyses.Thisincludedamul-
tiple imputationapproachthatusedbase-
line characteristics to build a regression
model to imputemissingdatawith1000
imputations,aswellasbestandworstcase
scenarios(ifdatawerenotmissingatran-
dom) in which the best case used mini-
mal(ormaximum)infarct size to impute
missingdata for theIABCplusPCIgroup
(or the PCI alone group) and the worst
caseusedmaximum(orminimal) infarct
size to impute missing data for the IABC
plusPCIgroup(or thePCIalonegroup).
Giventheobservedimbalancesinbaseline
variables,aposthocanalysisadjustingfor
thedegreeofST-segmentelevationatbase-
line was conducted for infarct size.

APvalueof less than.025(2-sidedsig-
nificance testing) was considered statis-
tically significant in the2primaryanaly-
seswithBonferroniadjustment.APvalue
oflessthan.05wasconsideredstatistically
significant in all secondary analyses. All
statisticalanalyseswereperformedusing
SAS version 9.2 (SAS Institute Inc, Cary,
North Carolina).

Sample Size

Samplesizeandpowercalculationshave
beenreported.20Inbrief,thecomputations

werebasedon2primaryanalyseswiththe
same primary outcome of infarct size in
2differentpopulations: (1) themodified
ITT population and (2) a subset of the
modifiedITTpopulation,whichincludes
all participants with a nondistal left an-
teriordescending lesionandaTIMI flow
score of 0 or 1. The study was designed
to detect a 25% reduction in infarct size
for the IABC plus PCI group relative to
the PCI alone group in at least 1 of the 2
ITT populations. Based on prior trials
evaluatingischemiareperfusiontherapies,
a 25% reduction in infarct size was be-
lieved to be both feasible and clinically
meaningful.24,25

Assumptions such as the mean and
standard deviation of infarct size as well
as the missing rate and the percentage of
participants in thesubsetof themodified
ITT population were based on 2 sets of
preliminary data.16,22,26 A type I error of
0.025 was used for each of the 2 primary
analysestomaintainanoveralltypeIerror
rateof0.05.Accountingfora10%to13%
missing data rate, a total of 300 random-
ized participants were planned to be in-
cluded tomaintainat least81%power in
bothprimaryanalysestodetecttheclinical
significanceofa25%reduction in infarct
size inat least1of the2 ITTpopulations.
Thedataandsafetymonitoringboardre-
viewedthepowerrecalculationusingthe
updatedassumptionsbasedontheblinded
interim data of the first 150 patients; the
updatedpowerwasat least83%orhigher
with a total of 300 participants.

RESULTS
Atotalof337patientswithanteriorSTEMI
without shockwererandomizedanden-
rolledat30sites in9countries fromJune
2009throughFebruary2011;161patients
were randomized to the IABC plus PCI
groupand176patientswererandomized
to the PCI alone group. Fifteen patients
(8.5%)inthePCIalonegroupcrossedover
and also received IABC (5 patients prior
to PCI and 10 patients after PCI). Four
of the 15 patients in the PCI alone group
who also received IABC died by day 30.
Eightpatients(4.9%)intheIABCplusPCI
group did not receive IABC (FIGURE 1).
Twopatients in theIABCplusPCIgroup
and 5 patients in the PCI alone group
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died prior to receiving a cardiac MRI;
however,MRIwasperformedandevalu-
able in 275 patients (82%). Complete
follow-up (median of 183 days in both
groups)wasavailable inallbut8patients
(2.3%); 5 patients in the IABC plus PCI
group and 3 patients in the PCI alone
group withdrew consent or were lost
to follow-up prior to the scheduled
6-month follow-up (Figure 1).

Baseline Characteristics

The2groupswerewellbalancedwithre-
gardtobaselinecharacteristics(TABLE1).
Themedianagewas56.1years(interquar-
tile range [IQR], 48.3-64.3 years) in the
IABCplusPCIgroupcomparedwith57.7
years (IQR, 48.6-66.4 years) in the PCI
alonegroup;82%and81.8%,respectively,
weremale.Atpresentation,patientswere
hemodynamically stable and had a me-
diansystolicbloodpressureof130mmHg
(IQR,113-150mmHg) in the IABCplus

PCI group compared with 135 mm Hg
(IQR, 120-151 mm Hg) in the PCI alone
group;themedianheartratewas81beats/
minute(IQR,71-93beats/minute)and80
beats/minute(IQR,70-94beats/minute),
respectively.Asignificantamountofmyo-
cardiumwasat risk inbothgroups; there
was ST-segment elevation of 6 mm or
higher in 62.1% of patients in the IABC
plus PCI group and in 57.4% of patients
in the PCI alone group.

Procedural Characteristics
and Medical Therapy

Themajorityof thepatients receivedPCI
(96.3% in the IABC plus PCI group and
92.6% in the PCI alone group; TABLE 2).
The left anterior descending was the in-
farct-relatedarteryin99.4%ofthepatients
in the IABCplusPCIgroupandin96.0%
of the patients in the PCI alone group;
morethan60%ofpatients inbothgroups
hadtotalocclusion.Patientsweretreated

inarapidfashionwithamediantimefrom
first medical contact to insertion of first
device of 77 minutes (IQR, 53-114 min-
utes) in the IABC plus PCI group and 68
minutes(IQR,40-100minutes)inthePCI
alonegroup(P=.04).Theoverallmedian
time fromsymptomonset to insertionof
first device was 202.5 minutes (IQR,
145.0-272.0 minutes) in the IABC plus
PCIgroupand193.0minutes(IQR,136.0-
275.0 minutes) in the PCI alone group.
Aspiration thrombectomy was used in
34.8% of patients in the IABC plus PCI
groupand in37.4%of thepatients in the
PCI alone group. Bare metal stents were
usedin53.4%ofallpatients.In55patients
(35.9%), IABC was continued for more
than 24 hours and the median duration
ofcounterpulsationintheIABCplusPCI
group was 22.1 hours (IQR, 16.8-26.1
hours).

Patients in the study also were well
treatedwithmedicaltherapy.Atdischarge,
aspirin was used in 99.4% of patients in
the IABCplusPCIgroupandin96.4%of
patients in thePCIalonegroup;clopido-
grel,74.4%and78.1%,respectively;pra-
sugrel, 21.8% and 18.9%; and statin
therapy,95.5%and96.4%.Morethan70%
ofpatientsinbothgroupswereprescribed
atdischargeeitherangiotensin-converting
enzyme inhibitors or angiotensin recep-
tor blockers.

Primary Outcome

Themeaninfarctsizeinallpatients(42.1%
[95%CI,38.7%to45.6%]vs37.5%[95%
CI, 34.3% to 40.8%] of LV mass; differ-
ence of 4.6% [95% CI, −0.2% to 9.4%] of
LV mass, P=.06) and in patients with
proximal left anterior descending and
TIMI flow scores of 0 or 1 (46.7% [95%
CI, 42.8% to 50.6%] vs 42.3% [95% CI,
38.6% to 45.9%] of LV mass; difference
of 4.4% [95% CI, −1.0% to 9.7%] of LV
mass,P=.11)wasnotsignificantlydiffer-
entbetweentheIABCplusPCIgroupand
thePCIalonegroup(TABLE3).Themul-
tipleimputationapproach(usingbaseline
covariates inTable1aswell as treatment
group and region for imputing missing
data) foundadifference in infarctsizebe-
tweenthe2groupsthatwassimilar tothe
per-protocol analysis (Table 3). The ob-
served treatment difference could range

Figure 1. Flow of Patients Through Counterpulsation to Reduce Infarct Size Pre-PCI Acute
Myocardial Infarction Randomized Controlled Trial

337 Randomizeda

156 Included in 6-mo follow-up 173 Included in 6-mo follow-up

161 Randomized to receive intra-aortic
balloon counterpulsation (IABC)
plus percutaneous coronary
intervention (PCI)
153 Received intervention as

randomized
8 Did not receive intervention

as randomized
3 Unable to get arterial access
1 No infarct

3 Other

1 Aortic-iliac (tortuous iliac 
or dissection)

176 Randomized to receive
primary PCI
161 Received intervention as

randomized
15 Did not receive intervention

as randomized
12 Sustained hypotension or

cardiogenic shock and
received IABC

1 Received IABC to prevent
event postvessel dissection

1 Failed PCI due to incompletely
revascularized vessel

1 Had continued chest pain

1 Lost to follow-up
4 Discontinued intervention

(withdrew consent)

1 Lost to follow-up
2 Discontinued intervention

(withdrew consent)

133 Included in primary analysis for
infarct size

28 Excluded from analysis
23 Magnetic resonance imaging

(MRI) not performed
11 Unable to tolerate it
3 Metallic contraindication
2 Died
1 Unstable
6 Other

5 MRI performed but not
evaluable

142 Included in primary analysis for
infarct size

34 Excluded from analysis
27 MRI not performed

18 Unable to tolerate it
1 Metallic contraindication
5 Died
3 Unstable

7 MRI performed but not
evaluable

aTwo patients immediately excluded due to improper consent.
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from −14.7% to 21.9% based on conser-
vativebest andworst case scenarios.The
post hoc analysis adjusting for baseline
STelevationresultedinadifference inin-
farct size between the 2 groups of 4.58%
(P=.06) compared with 4.6% in the per-
protocolanalysis.SecondarycardiacMRI
findingsalsowere inkeepingwiththe in-
farct size findings. The mean microvas-
cularobstructionwas6.8%ofLVmassfor
the IABCplusPCIgroupand5.7%ofLV
massforthePCIalonegroup(P=.34);the
meanLVejectionfractionwas46.1%and
48.2%,respectively(P=.17);andthemean
LVsystolicvolumewas76.9mLand70.3
mL (P=.10).

Clinical Events

Patients were followed up for clinical
events at 30 days and at 6 months. At 30
days, major bleeding or transfusion oc-
curredin5patients(3.1%;95%CI,1.0%-

7.1%) in the IABCplusPCIgroupand in
3patients (1.7%;95%CI,0.4%-4.9%) in
thePCIalonegroup(P=.49).Majorvas-
cularcomplicationsoccurredin7patients
(4.3%; 95% CI, 1.8%-8.8%) in the IABC
plus PCI group and in 2 patients (1.1%;
95% CI, 0.1%-4.0%) in the PCI alone
group (P=.09; eTable 1 and eTable 2 at
http://www.jama.com).

By6months,3patients(1.9%;95%CI,
0.6%-5.7%) in the IABC plus PCI group
and9patients(5.2%;95%CI,2.7%-5.7%)
inthePCIalonegrouphaddied(log-rank
test P=.12; FIGURE 2). The time to the
composite end point of death, recurrent
MI, or new or worsening heart failure
also was not significantly different be-
tween the 2 groups (10 patients [6.3%;
95% CI, 3.4%-11.4%] in IABC plus PCI
group and 19 patients [10.9%; 95% CI,
7.1%-16.5%] in PCI alone group; log-
ranktestP=.15).Therewasasignificant

difference between the IABC plus PCI
groupandthePCIalonegroup in theex-
ploratory composite end point of time
to death, shock, or new or worsening
heart failure (8 events [5.0%; 95% CI,
2.6%-9.8%] vs 21 events [12.0%; 95%
CI, 8.0%-17.8%], respectively; log-rank
testP=.03).Thiswasdrivenbynoshock
events in the IABCplusPCIgroupwhile
5 patients developed shock during in-
dex hospitalization in the PCI alone
group.

COMMENT
TheCRISPAMItrialwasdesignedto test
the hypothesis that IABC inserted prior
toprimaryPCIandcontinued forat least
12hoursafterPCIwouldreducemyocar-
dial infarct size in patients with large an-
teriorSTEMIpresentingwithoutcardio-
genic shock. Review of the baseline and
procedural characteristicsdemonstrates

Table 1. Baseline Characteristics
Total (N = 337) IABC Plus PCI (n = 161) PCI Alone (n = 176)

Age, median (IQR), y 56.6 (48.4-65.6) 56.1 (48.3-64.3) 57.7 (48.6-66.4)
Male sex, No. (%) 276 (81.9) 132 (82.0) 144 (81.8)
Race, No. (%)

American Indian/Alaska Native 1 (0.3) 0 1 (0.6)
Asian 152 (45.1) 75 (46.6) 77 (43.8)
Black 16 (4.7) 3 (1.9) 13 (7.4)
White 161 (47.8) 81 (50.3) 80 (45.5)
Othera 7 (2.1) 2 (1.2) 5 (2.8)

Height, median (IQR), cm 169.9 (163.1-177.0) 170.2 (165.1-175.8) 168.9 (162.8-178.1)
Weight, median (IQR), kg 74.3 (64.5-85.7) 74.4 (66.3-84.3) 74.4 (64.5-88.2)
Medical history, No. (%)

Prior PCI 5 (1.5) 3 (1.9) 2 (1.1)
Hypertension (receiving drug therapy) 99 (29.4) 39 (24.2) 60 (34.1)
Stroke 1 (0.3) 0 1 (0.6)
Transient ischemic attack 1 (0.3) 0 1 (0.6)
Current nicotine use 107 (31.8) 53 (32.9) 54 (30.7)
Dyslipidemia (receiving drug therapy) 42 (12.5) 20 (12.4) 22 (12.5)
Prior atrial fibrillation 4 (1.2) 3 (1.9) 1 (0.6)
Renal insufficiency 6 (1.8) 2 (1.2) 4 (2.3)
Diabetes mellitus 63 (18.7) 27 (16.8) 36 (20.5)

Insulin-dependent 7 (11.1) 5 (18.5) 2 (5.6)
Non–insulin-dependent 56 (88.9) 22 (81.5) 34 (94.4)

Prior peripheral arterial disease 1 (0.3) 0 1 (0.6)
At presentation

Blood pressure, median (IQR), mm Hg
Systolic 131.0 (118.0-150.0) 130.0 (113.0-150.0) 135.0 (120.0-151.0)
Diastolic 80.0 (70.0-92.0) 80.0 (70.0-92.0) 80.0 (71.5-92.0)

Heart rate, median (IQR), beats/min 81.0 (71.0-94.0) 81.0 (71.0-93.0) 80.0 (70.0-94.0)
Degree of ST elevation in anterior leads, mm, No. (%)

0-�2 0 0 0
2-�4 1 (0.3) 0 1 (0.6)
4-�6 135 (40.1) 61 (37.9) 74 (42.0)
�6 201 (59.6) 100 (62.1) 101 (57.4)

Abbreviations: IABC, intra-aortic balloon counterpulsation; IQR, interquartile range; PCI, percutaneous coronary intervention.
aPatients unable to identify race using the available choices.

INTRA-AORTIC BALLOON COUNTERPULSATION AND INFARCT SIZE

©2011 American Medical Association. All rights reserved. JAMA, September 28, 2011—Vol 306, No. 12 1333

Downloaded From: https://jamanetwork.com/ on 05/22/2023



that thepatientswerehemodynamically
stable at enrollment, had a significant
amountofmyocardiumat risk, andwere
rapidlytreatedwithreperfusion.Theprin-
cipalfindingfromthisstudywasthatearly
plannedIABCdidnotreducemyocardial
infarct size as measured by cardiac MRI.

Review of all cardiac MRI parameters
demonstratesconsistent findings.Aspre-

specified, in addition to all patients ran-
domized,analysisofthesubsetofpatients
withthehighest riskdefinedbyproximal
occlusionsof the leftanteriordescending
artery also did not demonstrate a reduc-
tionininfarctsizeoranyothercardiacMRI
parameter with IABC. Several possible
mechanisms may explain the observed
findings.

One explanation may be that the ben-
eficial effects with IABC are offset by an
increaseininfarctsizeassociatedwiththe
amountoftimerequiredtoinserttheintra-
aortic balloon. Although plausible, this
seems less likely because the IABC plus
PCIgrouphadamediantimeof firstcon-
tact to first device that was less than 10
minutes longerthanthePCIalonegroup.

Table 2. Procedural Characteristics
No. (%) of Patientsa

Total (N = 337) IABC Plus PCI (n = 161) PCI Alone (n = 176)
PCI

Performed 317 (94.3) 154 (96.3) 163 (92.6)
Not performed 19 (5.6) 6 (3.7) 13 (7.4)

Coronary artery bypass graft surgery instead 6 (1.8) 2 (1.3) 4 (2.3)
No infarct artery identified 7 (2.1) 1 (0.6) 6 (3.4)
Technical limitations 6 (1.8) 3 (1.9) 3 (1.7)

Infarct-related artery
Left main 0 0 0
Left anterior descending 328 (97.6) 159 (99.4) 169 (96.0)
Left circumflex 0 0 0
Right coronary 1 (0.3) 0 1 (0.6)
No infarct-related artery identified 7 (2.1) 1 (0.6) 6 (3.4)

Infarct-related artery stenosis location
Proximal 207 (62.9) 103 (64.8) 104 (61.2)
Mid 132 (40.1) 56 (35.2) 76 (44.7)
Distal 19 (5.8) 11 (6.9) 8 (4.7)

Infarct-related artery TIMI flow
Preintervention grade

0 215 (65.3) 105 (66.0) 110 (64.7)
1 34 (10.3) 18 (11.3) 16 (9.4)
2 50 (15.2) 26 (16.4) 24 (14.1)
3 30 (9.1) 10 (6.3) 20 (11.8)

Postintervention grade
0 5 (1.5) 1 (0.6) 4 (2.4)
1 6 (1.8) 5 (3.2) 1 (0.6)
2 8 (2.5) 5 (3.2) 3 (1.8)
3 306 (94.2) 145 (92.9) 161 (95.3)

Interventions performed on non–infarct-related arteries 6 (1.9) 5 (3.2) 1 (0.6)
Left main 2 (�1) 1 (�1) 1 (�1)
Left circumflex 1 (�1) 1 (�1) 0
Right coronary 3 (�1) 3 (�1) 0

Time to treatment, median (IQR), min
From symptom onset to first hospital contact 113.0 (65.0-175.0) 112.0 (78.0-180.0) 115.0 (62.0-175.0)
From first medical contact to first device (infarct-related artery)b 71.0 (47.0-105.0) 77.0 (53.0-114.0) 68.0 (40.0-100.0)
From symptom onset to first device (infarct-related artery) 196.0 (140.0-272.0) 202.5 (145.0-272.0) 193.0 (136.0-275.0)

First device used on infarct-related artery
Aspiration thrombectomy 115 (36.2) 54 (34.8) 61 (37.4)
Balloon 152 (47.8) 78 (50.3) 74 (45.4)
Stent 51 (16.0) 23 (14.8) 28 (17.2)

Type of stent 309 (96.9) 147 (94.2) 162 (99.4)
Drug-eluting 149 (48.2) 69 (46.9) 80 (49.4)
Bare metal 165 (53.4) 79 (53.7) 86 (53.1)

Anticoagulant use
Unfractionated heparin 261 (77.7) 127 (79.4) 134 (76.1)
Bivalirudin 57 (17.0) 24 (15.0) 33 (18.8)
Glycoprotein IIb/IIIa 154 (45.8) 79 (49.4) 75 (42.6)

Abbreviations: IABC, intra-aortic balloon counterpulsation; IQR, interquartile range; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in Myocardial Infarction.
aValues expressed as number (percentage) unless otherwise indicated. The percentages are based on the total of nonmissing data. Data are missing for up to 34 patients.
bThe comparison between groups yielded a P value of .04.
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In fact, theoverall ischemic timeasmea-
suredbythetimefromreportedsymptom
onset to first device was just longer than
3hours forallpatientsandtherewasonly
a 10-minute difference between the 2
groups.

Another explanation may be related
to the timing of cardiac MRI that was per-
formed between 3 and 5 days after PCI
and differential end point assessment.
Evaluation of the trial enrollment shows
that more than 80% of patients in both
groups were able to get evaluable MRIs
for infarct size, yielding a sufficient num-
ber of patients for the prespecified study
power. The infarct size observed was
larger than expected, more than 10% of
LV mass larger than in prior studies.26

However, based on prior studies predict-
ing infarct size,24 the CRISP AMI trial en-
rolled the highest risk patients in an ef-
fort to identifya treatmentdifference.The

observed point estimate for infarct size
in both groups makes a significant treat-
ment effect with infarct size reduction
with routine IABC unlikely.

A third possibility is that the poten-
tial protective effect of LV unloading oc-
curred too late in the course of the MI
to salvage significant myocardium in this
study. Francone et al27 and Eitel et al28

found that little myocardial salvage oc-
curs with ischemic times beyond 120
minutes. Similarly,Bonnefoyet al29 found
that the reduction in mortality that oc-
curred with prehospital fibrinolysis was
limited to STEMI patients treated within
120 minutes of symptom onset. In the
animal experiments demonstrating sig-
nificant infarct salvage, unloading oc-
curred immediately prior to reperfu-
sion after 60 minutes of myocardial
ischemia.18 The patients in our study had
ischemic times of longer than 3hours (on

average), which may have been outside
the window for significant infarct sal-
vage as assessed by cardiac MRI.

Table 3. Cardiac Magnetic Resonance Imaging (MRI) Findings

Total (N = 337) IABC Plus PCI (n = 161) PCI Alone (n = 176) P Value
Time from symptom onset to MRI, median (IQR), d 4.0 (3.0-5.0) 4.0 (3.0-5.0) 4.0 (3.0-4.0) .20

Primary End Point
Infarct size, % of left ventricular mass

Per-protocol analysis, No. (%) 275 (81.6) 133 (82.6) 142 (80.7)
Mean (95% CI) 39.8 (37.4-42.1) 42.1 (38.7-45.6) 37.5 (34.3-40.8) .06
Median (IQR) 38.8 (26.0-52.2) 42.8 (27.2-54.7) 36.2 (25.9-49.4)

Multiple imputation analysis
Mean (95% CI) 39.7 (37.3-42.1) 42.1 (38.6-45.6) 37.6 (34.3-40.9) .07
Median (IQR) 39.0 (26.0-52.3) 42.5 (27.1-55.9) 36.4 (24.9-49.9)

Proximal left anterior descending and TIMI flow score of 0 or 1
Per-protocol analysis, No. (%) 192 (57.0) 93 (57.8) 99 (56.3)

Mean (95% CI) 44.4 (41.7-47.1) 46.7 (42.8-50.6) 42.3 (38.6-45.9) .11
Median (IQR) 42.1 (30.3-54.7) 45.1 (32.7-60.8) 38.6 (29.6-51.6)

Multiple imputation analysis
Mean (95% CI) 44.4 (41.7-47.1) 46.8 (42.9-50.8) 42.1 (38.4-45.7) .08
Median (IQR) 42.5 (30.3-55.9) 45.3 (32.3-61.6) 39.2 (29.5-51.9)

Secondary End Point
MRI findings for ITT population

Microvascular obstruction, No. (%) 274 (81.3) 131 (81.4) 143 (81.3) .34
Mean (95% CI), % 6.2 (5.2-7.3) 6.8 (5.2-8.3) 5.7 (4.3-7.2)
Median (IQR), % 2.6 (0.0-9.1) 2.8 (0.0-9.7) 2.0 (0.0-7.8)

Left ventricular ejection fraction, No. (%) 284 (84.3) 136 (84.5) 148 (84.1) .17
Mean (95% CI), % 47.2 (45.7-48.7) 46.1 (43.9-48.3) 48.2 (46.2-50.3)
Median (IQR), % 46.9 (38.6-56.5) 46.2 (37.4-56.1) 47.6 (39.6-56.8)

Left ventricular end-systolic volume, No. (%) 284 (84.3) 136 (84.5) 148 (84.1) .10
Mean (95% CI), mL 73.5 (69.6-77.3) 76.9 (70.6-83.2) 70.3 (65.8-74.9)
Median (IQR), mL 68.8 (51.0-86.0) 69.5 (51.7-86.5) 67.9 (49.2-86.0)

Left ventricular end-diastolic volume, No. (%) 284 (84.3) 136 (84.5) 148 (84.1) .32
Mean (95% CI), mL 137.5 (132.2-142.8) 140.3 (132.5-148.1) 134.9 (127.8-142.1)
Median (IQR), mL 131.6 (107.4-166.6) 135.4 (112.0-166.8) 130.5 (103.9-166.5)

Salvage index, No. (%) 263 (78.0) 126 (78.3) 137 (77.8) .13
Mean (95% CI) 0.35 (0.32-0.38) 0.32 (0.27-0.37) 0.37 (0.33-0.41)
Median (IQR) 0.30 (0.10-0.50) 0.30 (0.10-0.50) 0.30 (0.20-0.50)

Abbreviations: IABC, intra-aorticballooncounterpulsation; IQR, interquartile range; ITT, intention-to-treat;PCI,percutaneouscoronary intervention;TIMI,Thrombolysis inMyocardial Infarction.

Figure 2. Event Rate of Death From 0 to
180 Days
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IABC indicates intra-aortic balloon counterpulsation;
PCI, percutaneous coronary intervention.
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In contrast to the infarct size find-
ings, the clinical findings demonstrate
a potential for an early risk with rou-
tine primary PCI in these high-risk an-
terior STEMI patients without shock.
Fifteen of the patients in the PCI
alone group crossed over and received
IABC based on the investigator’s deci-
sion, often for sustained hypotension
or the development of cardiogenic
shock. This led to a small, nonsignifi-
cant increase in the number of pa-
tients in the PCI alone group who died
during the initial hospitalization, no-
tably patients who were not eligible for
infarct size imaging. These findings con-
tinued to 6 months at which time 9 of
the patients in the PCI alone group had
died compared with 3 patients in the
IABC plus PCI group. The composite
of death, shock, or heart failure at 6
months also seems to favor the IABC
plus PCI group, highlighting the po-
tential effect of the early risk with the
PCI alone group. Review of vascular
complications and major bleeding
and/or transfusions found similar rates
between the 2 groups. These clinical
findings are in keeping with data from
prior randomized trials with IABC for
routine high-risk PCI30 and for high-
risk STEMI patients undergoing angi-
oplasty alone prior to the stent era.14

Twoclinicalissuesrelatedtothesefind-
ings deserve comment. The first is that
high-quality care currently is being pro-
vided to patients with high-risk STEMI
andischaracterizedbysystemsoptimized
forrapidreperfusionandoptimaladjunc-
tivemedical therapy; thisshouldbetaken
into consideration in future trials. In the
CRISP AMI trial, the 6-month mortality
rate was less than 5%; even with the ex-
clusionofpatientswithshockonpresen-
tation,thisfindingisconsistentwithother
recent studies.

The second clinical issue revolves
around the use of adjunctive ventricular
supportdevices.Unlikepatientswithcar-
diogenic shock12,13 for whom the guide-
linesrecommendintra-aorticcounterpul-
sation, patients with high-risk anterior
STEMIwithoutshockdonotseemtogar-
ner a reduction in infarct size from early
routine use of IABC. Clinicians should

continue to be vigilant about identifying
patientswhoareat risk for rapiddeterio-
ration and who may benefit from coun-
terpulsation (as seen with the crossover
in this trial). Future studies should be
aimed at identifying the patient features
associated with early deterioration.

This study has several limitations.
The CRISP AMI trial used infarct size
on MRI as the primary end point, and
this is a validated physiological mea-
sure of myocardial damage. However,
there may not be a direct correlation
with long-term clinical outcome due to
other physiological mechanisms affect-
ing ventricular remodeling and func-
tion. A screening log was not kept at
sites and site selection bias cannot be
excluded. Additionally, clinical events
occurring early prior to the MRI mea-
surement of infarct size may also limit
correlations with long-term clinical out-
comes. Our study was powered to de-
tect a 25% reduction in infarct size, and
we cannot exclude a smaller treat-
ment difference. However, this is one
of the largest randomized trials with de-
vice therapy in this high-risk popula-
tion in the literature, and the ob-
served infarct sizes make a missed
treatment effect less likely.

CONCLUSION
In conclusion, the CRISP AMI trial ran-
domized patients with high-risk anteri-
orSTEMIwithoutshocktoaroutinestrat-
egy of IABC prior to PCI lasting at least
12 hours after PCI compared with PCI
alone. This strategy did not lead to a re-
duction inmyocardial infarct size.Clini-
cal outcomes at 6 months were not sig-
nificantlydifferentbetweenthe2groups.
However, 8.5% of patients in the PCI
alonegroupcrossedover to rescue IABC
therapy.Thesefindingssupportastandby
strategy(ratherthanroutineuse)ofIABC
during primary PCI in high-risk anteri-
or STEMI patients.
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