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Adam de Belder, MD, FRCP
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PERCUTANEOUS CORONARY IN-
tervention (PCI) in patients
with impaired left ventricular
function can be associated with

significant mortality and morbidity, par-
ticularly when a substantial propor-
tion of viable myocardium is sub-
tended by diseased coronary arteries.1,2

Such patients have diminished re-
serve to withstand the consequences of
ischemia or arrhythmias that may oc-
cur during PCI and are at risk of en-
tering a spiral of hemodynamic com-
promise, potentially culminating in
cardiogenic shock or death. In these cir-
cumstances, vital hemodynamic sup-
port can be provided by an intra-
aortic balloon pump (IABP), which
simultaneously augments coronary
blood flow and decreases myocardial
oxygen demand.3,4

Increased understanding of the physi-
ological benefits of counterpulsation and
evidence of its efficacy in cardiogenic
shock5 have led to an expansion in the
indications for IABP use. The Bench-
mark Registry showed that the most

common reason for IABP insertion is to
electively support patients who are he-
modynamically stable at the outset but
perceived to be at high risk of major com-
plications during angiography or PCI.6

Author Affiliations are listed at the end of this article.
A list of the BCIS-1 Investigators has been published
previously (Am Heart J. 2009;158[6]:910-916).
Corresponding Author: Simon Redwood, MD, FRCP,
Cardiovascular Division, St Thomas’ Hospital Campus,
King’s College London BHF Centre of Excellence, Lon-
don SE1 7EH, UK (simon.redwood@gstt.nhs.uk).

Context Observational studies have previously reported that elective intra-aortic bal-
loon pump (IABP) insertion may improve outcomes following high-risk percutaneous
coronary intervention (PCI). To date, this assertion has not been tested in a random-
ized trial.

Objective To determine whether routine intra-aortic balloon counterpulsation be-
fore PCI reduces major adverse cardiac and cardiovascular events (MACCE) in pa-
tients with severe left ventricular dysfunction and extensive coronary disease.

Design, Setting, and Patients The Balloon Pump–Assisted Coronary Interven-
tion Study, a prospective, open, multicenter, randomized controlled trial conducted in
17 tertiary referral cardiac centers in the United Kingdom between December 2005
and January 2009. Patients (n=301) had severe left ventricular dysfunction (ejection
fraction �30%) and extensive coronary disease ( Jeopardy Score �8/12); those with
contraindications to or class I indications for IABP therapy were excluded.

Intervention Elective insertion of IABP before PCI.

Main Outcome Measures Primary end point was MACCE, defined as death, acute
myocardial infarction, cerebrovascular event, or further revascularization at hospital
discharge (capped at 28 days). Secondary end points included all-cause mortality at 6
months, major procedural complications, bleeding, and access-site complications.

Results MACCE at hospital discharge occurred in 15.2% (23/151) of the elective
IABP and 16.0% (24/150) of the no planned IABP groups (P=.85; odds ratio [OR],
0.94 [95% confidence interval {CI}, 0.51-1.76]). All-cause mortality at 6 months was
4.6% and 7.4% in the respective groups (P=.32; OR, 0.61 [95% CI, 0.24-1.62]). Fewer
major procedural complications occurred with elective IABP insertion compared with
no planned IABP use (1.3% vs 10.7%, P� .001; OR, 0.11 [95% CI, 0.01-0.49]). Ma-
jor or minor bleeding occurred in 19.2% and 11.3% (P=.06; OR, 1.86 [95% CI, 0.93-
3.79]) and access-site complications in 3.3% and 0% (P=.06) of the elective and no
planned IABP groups, respectively.

Conclusions Elective IABP insertion did not reduce the incidence of MACCE follow-
ing PCI. These results do not support a strategy of routine IABP placement before PCI
in all patients with severe left ventricular dysfunction and extensive coronary disease.

Trial Registration isrctn.org Identifier: ISRCTN40553718; clinicaltrials.gov Identi-
fier: NCT00910481
JAMA. 2010;304(8):867-874 www.jama.com
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Several observational studies have re-
ported fewer intra-procedural compli-
cations and reduced major adverse car-
diovascular events with prophylactic
IABP insertion compared with a pro-
visional counterpulsation strategy dur-
ing high-risk PCI.7-9 However, these se-
ries have been retrospective, subject to
selection bias, and relatively under-
powered to adequately address this as-
sertion. As such, the current interna-
tional guidelines for PCI do not offer
formal recommendations for elective
IABP use but suggest that “IABP sup-
port should be reserved only for pa-
tients at the extreme end of the spec-
trum of hemodynamic compromise.”10

The Balloon Pump–Assisted Coro-
nary Intervention Study (BCIS-1) is, to
our knowledge, the first randomized
controlled trial to assess the efficacy and
safety of elective IABP use in patients
undergoing high-risk PCI.

METHODS
The methods used in this trial have been
described previously.11 In brief, BCIS-1
was a prospective, open, multicenter,
randomized controlled trial conducted
to evaluate the efficacy of elective IABP
therapy for reducing major adverse car-
diacandcardiovascular events (MACCE)
during high-risk PCI. The trial was ap-
proved by the UK National Health Ser-
vice research ethics committee, and each
patient provided written consent for in-
clusion in the trial. Data management
and analysis was carried out by an inde-
pendent data coordinating center, with
oversight from a steering committee. An
independent data and safety monitor-
ing committee oversaw the safety and ef-
ficacy of the trial. The members of the
steering committee had full access to the
data after unblinding and vouch for the
accuracy and completeness of the data
and the analyses.

Study Population

Patients scheduled to undergo high-
risk single-vessel or multivessel percu-
taneous intervention to native coro-
nary arteries or bypass grafts were
considered for inclusion in the trial.
High-risk was defined as the presence

of impaired left ventricular function
(ejection fraction �30% on echocardi-
ography or left ventricular angiogra-
phy) and a large amount of myocar-
dium subtended by stenosed vessels,
characterized by a BCIS-1 Jeopardy
Score of 8 or greater or a left main coro-
nary artery stenosis or by a target ves-
sel that provides collateral supply to an
occluded second vessel that in turn sup-
plies more than 40% of myocardium.
The BCIS-1 Jeopardy Score (range,
0-12) has been described previously11

but in brief is a modification of the Duke
Jeopardy Score,12 which allows broader
classification of coronary anatomy, in-
cluding left main coronary artery ste-
noses and bypass grafts. Diseased proxi-
mal native coronary segments are
assigned a score of 2 points, with 2 ad-
ditional points assigned for each ma-
jor myocardial territory subtended by
these segments, accounting for domi-
nance. The protective effect of func-
tioning bypass grafts is represented by
negative scores.

The principal exclusion criteria were
current class I or II indications for IABP
use, including cardiogenic shock, acute
myocardial infarction within the pre-
vious 48 hours, complications of acute
myocardial infarction (including ven-
tricular septal defect, severe mitral re-
gurgitation, and intractable ventricu-
lar arrhythmias); and contraindications
to IABP use, including significant iliac
or femoral arterial disease and more
than mild aortic regurgitation on ech-
ocardiography. Additional exclusion
criteria were planned staged proce-
dure within 28 days; bleeding diathe-
sis or warfarin therapy with an inter-
national normalized ratio greater than
2.5; active internal bleeding (except
menstruation); allergy to aspirin, clo-
pidogrel, heparin, or glycoprotein IIb/
IIIa inhibitors; thrombocytopenia
(platelet count �100 �103/µL); preg-
nancy; and previous enrollment in
BCIS-1 or current enrollment in any
other study.

Race/ethnicity was self-reported as
part of standard hospital admission pro-
cedure and categorized as white, South
Asian, or other.

Treatment
Eligible patients were randomized to re-
ceive elective IABP insertion prior to PCI
or to have no planned IABP insertion.
Randomization was carried out via a 24-
hour automated interactive telephone re-
sponse system, and treatment assign-
ment was based on random permuted
blocks, stratified by center, with 1:1 al-
location to each group. It was recom-
mended that PCI be performed within
24 hours of randomization, and clinical
events were attributed to the assigned
treatment on an intention-to-treat basis.

In the elective IABP group, the bal-
loon catheter was inserted at the start
of the procedure, before coronary in-
tervention. Sheathless insertion was rec-
ommended in the trial. The IABP re-
mained in situ for at least 4 but no more
than 24 hours following PCI, unless
otherwise indicated by the patient’s
clinical status. Rescue IABP insertion
was permitted in the no planned IABP
group in the event of procedural com-
plications such as prolonged hypoten-
sion, pulmonary edema, or refractory
ventricular tachycardia/fibrillation, at
the discretion of the operator.

Patients were pretreated with aspirin
and clopidogrel and received intrave-
nous unfractionated heparin during the
procedure to maintain the activated co-
agulation time between 200 and 250 sec-
onds. The use of abciximab was recom-
mended, administered as a 0.25-mg/kg
bolus followed by intravenous infusion
at 0.125 µg/kg per minute for 12 hours.
The choice of drug-eluting or bare-
metal stents and use of adjunctive de-
vices was at the operators’ discretion.

Patients who had IABP insertion in
either group received an intravenous
heparin infusion following PCI to main-
tain an activated partial thromboplas-
tin time ratio between 1.5 and 2.5; the
infusion was commenced immedi-
ately after PCI or on completion of the
abciximab infusion, if the latter was
used. When it was felt appropriate to
remove the IABP, the heparin infu-
sion was discontinued and the bal-
loon catheter removed when the acti-
vated coagulation time decreased to less
than 160 seconds.

ELECTIVE IAB COUNTERPULSATION DURING HIGH-RISK PCI
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Outcome Measures
The primary end point was the com-
posite of MACCE, defined as death,
acute myocardial infarction, cerebro-
vascular event, or further revascular-
ization by PCI or coronary artery
bypass graft (CABG) surgery at hospi-
tal discharge (capped at 28 days). The
secondary end points were 6-month
all-cause mortality, major procedural
complications (including prolonged
hypotension, ventricular tachycardia/
fibrillation requiring defibrillation, or
cardiorespiratory arrest requiring
assisted ventilation), bleeding com-
plications, access-site complications,
transient ischemic attack, and dura-
tion of hospital stay. All end points
and adverse events were predefined11

and adjudicated by a clinical events
committee blinded to treatment
assignment.

Prespecified definitions of myocar-
dial infarction were used in the trial,
based on the timing of the event in
relation to the index PCI procedure
and cardiac biomarker levels at base-
line. Within 72 hours of PCI, myocar-
dial infarction was defined as an
increase in creatine kinase MB levels
by more than 3-fold the upper limit of
the reference range (if normal at base-
line) or by more than 1.5-fold the
baseline value (if elevated at baseline).
Beyond 72 hours after PCI, universal
definitions of myocardial infarction
applied, based on elevation of cardiac
troponin levels in association with
typical symptoms or electrocardio-
graphic changes.13

Prolonged hypotension was de-
fined as a mean arterial pressure less
than 75 mm Hg for at least 10 minutes
despite fluid resuscitation or require-
ment of inotropic support to maintain
the mean arterial blood pressure above
75 mm Hg in the elective IABP group.
In the no planned IABP group, pro-
longed hypotension was defined as
above, with the additional criterion of
the need for IABP insertion to main-
tain the mean arterial blood pressure
above 75 mm Hg.

Major bleeding was defined as a de-
crease in hemoglobin concentration by

at least 4 g/dL in relation to the base-
line value, with 1 unit of whole blood
or packed cells considered equivalent
to an additional 1-g/dL decrease in he-
moglobin concentration if transfusion
was required. Minor bleeding was de-
fined as a decrease in hemoglobin
concentration by 2 g/dL to 4 g/dL com-
pared with baseline. Access-site com-
plications were defined as a vascular
complication at any access site result-
ing in hematoma or leg ischemia re-
quiring surgical or percutaneous inter-
vention, false aneurysm (on ultrasound
imaging), or femoral artery occlusion.

Statistical Analysis

The power calculation was based on a
predicted MACCE rate of 15% in the
no planned IABP group.8 A sample size
of 300 would provide 80% power to de-
tect a 10% absolute difference in
MACCE rates between the elective and
no planned IABP groups at a signifi-
cance level of 5%, allowing 10% con-
tingency for missing data. An indepen-
dent statistician performed all statistical
analyses. Primary and secondary end
points were analyzed on an intention-
to-treat basis. All tests of significance
are 2-sided.

The proportions of in-hospital
MACCE were compared and odds ra-
tios (ORs) and 95% confidence inter-
vals (CIs) calculated from logistic re-
gression. The proportions of all-cause
mortality at 6 months were compared
using the �2 test, and cumulative event
rates were estimated by the Kaplan-
Meier method. Other categorical out-
come measures were compared using
a �2 test or Fisher exact test as re-
quired. Continuous variables were com-
pared using a 2-sided unpaired t test.
Continuous data that were not nor-
mally distributed were compared using
the Wilcoxon rank-sum test.

Prespecified subgroup analyses
(stratified by median glomerular filtra-
tion rate, diabetic status, glycoprotein
IIb/IIIa or bivalirudin use, and BCIS-1
Jeopardy Score) were performed, with
ORs and 95% CIs calculated by logis-
tic regression, together with formal tests
for interaction.

Statistical analyses were performed
using Stata version 10.1 (StataCorp,
College Station, Texas).

RESULTS
Baseline and Procedural
Characteristics

Three hundred one patients with mul-
tivessel coronary disease and im-
paired left ventricular function were en-
rolled at 17 interventional cardiology
centers in the United Kingdom be-
tween December 2005 and January
2009; 69% of patients were enrolled at
5 centers at a mean rate of 15 patients
per year. One hundred fifty-one pa-
tients were randomized to receive elec-
tive IABP support and 150 to have no
planned IABP insertion during PCI.
One patient in the elective IABP group
did not have PCI but had CABG sur-
gery instead (on the same admission),
and 1 patient in the no planned IABP
group did not have PCI but was re-
ferred for CABG surgery on a separate
admission (FIGURE 1). All patients
underwent follow-up until hospital
discharge (capped at 28 days), and

Figure 1. Study Flow

151 Randomized to receive
PCI with elective IABP
insertion

150 Randomized to receive
PCI with no planned
IABP insertion

151 Assessed for in-
hospital/28-d MACCE

150 Assessed for in-
hospital/28-d MACCE

151 Included in primary
analysis

150 Included in primary
analysis

149 Assessed for 6-mo
mortality
1 Data unavailable

151 Assessed for 6-mo
mortality

147 Received treatment
as randomized
3 No IABP insertion

(vascular access
difficulty)

1 Underwent CABG
surgery

147 Received treatment
as randomizeda

2 Underwent IABP
insertion before PCI

1 Referred for CABG
surgery (separate
admission)

301 Patients randomized

CABG indicates coronary artery bypass graft; IABP, in-
tra-aortic balloon pump; MACCE, major adverse car-
diac and cardiovascular events; PCI, percutaneous coro-
nary intervention.
aOf the 147 patients who received no planned IABP
insertion prior to PCI, 18 required rescue IABP insertion.
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6-month mortality data were available
for the entire cohort. Cardiac markers
were available for 97% of patients.

The groups were well balanced in
terms of baseline characteristics
(TABLE 1). Left ventricular ejection frac-

tion was 23.6% (SD, 5.2%) in the elec-
tive IABP group and 23.6% (SD, 5.5%)
in the no planned IABP group. Mean
BCIS-1 Jeopardy Scores in the respec-
tive groups were 10.4 (SD, 1.7) and 10.3
(SD, 1.7), with the maximum score of

12 found in 47% and 45% of patients in
the respective groups. Twenty-seven per-
cent of the elective IABP group and 29%
of the no planned IABP group had a sig-
nificant left main coronary artery le-
sion. Sixty-six percent and 72%, respec-
tively, had New York Heart Association
class III or IV dyspnea, while 48% and
45% had Canadian Cardiovascular So-
ciety class III or IV angina. Thirty-
seven percent in the elective IABP group
and 33% in the no planned IABP group
had a diagnosis of diabetes at enroll-
ment. Medical therapy at enrollment was
also similar in both groups: 97% (147/
151) and 96% (144/150) were taking as-
pirin, 93% in each group (140/151 and
139/150, respectively) were taking clo-
pidogrel, and 89% (134/150) and 81%
(121/150) were taking an angiotensin-
converting enzyme inhibitor or angio-
tensin-II receptor blocker. Medication
at discharge included aspirin in 99%
(147/149) and 98% (146/149) of pa-
tients and clopidogrel in 99% (148/
149) and 98% (146/149) in the elective
IABP and no planned IABP groups,
respectively.

AnIABPwas insertedat thestartof the
procedure in 97% of cases in the elective
IABP group; the balloon catheter could
not be inserted in 3 cases owing to vas-
cular access difficulties. A stent was de-
ployed in 94.2% and 92.5% of lesions
treatedintheelectiveIABPandnoplanned
IABPgroups, respectively.Patients inthe
2groupsunderwentcomparableamounts
of revascularization,withameanof2.15
(SD, 1.04) lesions attempted per patient
in the elective IABP group and 2.05 (SD,
1.02)lesionsinthenoplannedIABPgroup
andwithproceduralsuccessratesof93.9%
and93%,respectively.Ineachgroup,2.56
(SD,1.33)and2.31(SD,1.54)stentswere
deployedperpatient,67%ofwhichwere
drug-eluting stents in both groups. Gly-
coprotein IIb/IIIa inhibitorswereused in
39.3% and 43.3% of all cases in the elec-
tive IABP and no planned IABP groups,
respectively.

Primary and Secondary End Points

The primary end point of MACCE at
hospital discharge occurred in 15.2%
(n=23) of the elective IABP group and

Table 1. Baseline Characteristics

Characteristic

No. (%)

Elective IABP
(n = 151)

No Planned IABP
(n = 150)

Demographics
Age, mean (SD), y 71 (9) 71 (10)
Men 122 (81) 117 (78)
Body mass index, mean (SD)a 28.4 (6.0) 27.4 (5.6)

Race/ethnicity
White 144 (95) 141 (94)
South Asian 4 (3) 7 (5)
Other 3 (2) 2 (1)

Medical history
Diabetes

Type 1 3 (2) 6 (4)
Type 2 53 (35) 44 (29)

Smoking
Current 32 (21) 29 (20)
Former 78 (52) 82 (55)

Hypertension 95 (63) 91 (61)
Prior MI 113 (75) 108 (73)
Prior PCI 17 (11) 14 (9)
Prior CABG surgery 25 (17) 20 (13)
Prior stroke 12 (8) 11 (7)
GFR, median (IQR)b 58.2 (45.0-78.6) 60.0 (41.9-80.0)
NYHA heart failure class

I 8 (5) 11 (7)
II 43 (29) 31 (21)
II 63 (42) 64 (43)
IV 36 (24) 44 (29)

CCS angina class
No angina 34 (23) 30 (20)
I 16 (11) 14 (9)
II 28 (19) 38 (25)
III 33 (22) 30 (20)
IV 39 (26) 38 (25)

Left ventricular ejection fraction, mean (SD), % 23.6 (5.2) 23.6 (5.5)
Method of assessment

Echocardiography 77 (51) 57 (38)
Left ventricular angiography 67 (44) 83 (55)
Other 7 (5) 10 (7)

Coronary anatomy
BCIS-1 Jeopardy Score

6 1 (1) 1 (1)
8 40 (26) 42 (28)
10 39 (26) 39 (26)
12 71 (47) 68 (45)

Left main coronary diseasec 41 (27) 44 (29)
Abbreviations: BCIS-1, Balloon Pump–Assisted Coronary Intervention Study; CABG, coronary artery bypass graft; CCS,

Canadian Cardiovascular Society; GFR, glomerular filtration rate; IABP, intra-aortic balloon pump; IQR, interquartile
range; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; PCI,
percutaneous coronary intervention.

aCalculated as weight in kilograms divided by height in meters squared.
bBased on Cockroft-Gault formula.14

c�70% lesion in left main coronary artery.
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16.0% (n=24) of the no planned IABP
group (P=.85; OR, 0.94 [95% CI, 0.51-
1.76]) (TABLE 2). There were 3 deaths
in the elective IABP group and 1 death
in the no planned IABP group (P=.34).
Myocardial infarction occurred in 19
(12.6%) patients in the elective IABP
group and 20 (13.3%) in the no planned
IABP group (P=.85). Two cerebrovas-
cular accidents occurred, both in pa-
tients who had received elective IABP
insertion. One patient in the elective
IABP group and 4 in the no planned
IABP group underwent urgent further
revascularization (P=.21). All-cause
mortality at 6 months was 4.6% in the
elective IABP group and 7.4% in the no
planned IABP group (P=.32; OR, 0.61
[95% CI, 0.24-1.62) (Table 2 and
FIGURE 2). Elective IABP insertion had
no significant effect on the rates of
MACCE at hospital discharge in the
subgroups stratified according to me-
dian glomerular filtration rate (P=.29
for interaction), diabetic status (P=.86),
BCIS-1 Jeopardy Score (12 vs 8)
(P= .48), or glycoprotein IIb/IIIa in-
hibitor use (P=.97) (FIGURE 3).

Predefined procedural complica-
tions occurred more often in the no
planned IABP group (16 patients
[10.7%]) than in the group undergo-
ing elective IABP insertion (2 patients
[1.3%]) (P� .001; OR, 0.11 [95% CI,
0.01-0.49]). The most common com-
ponent of these complications was
prolonged procedural hypotension,
which occurred in 13 patients in the
group with no planned IABP insertion
and 2 patients in the group with elec-
tive IABP insertion. Overall, rescue
IABP insertion was required in 18
patients (12%) assigned to have no
planned IABP insertion, including 13
for procedural hypotension, 1 for pul-
monary edema, and 1 for sudden ves-
sel closure. Patients requiring rescue
IABP in the no planned IABP group
had an ejection fraction of 24.4% (SD,
5.5%) and a BCIS-1 Jeopardy Score of
11.2 (SD, 1.4) at baseline. A maxi-
mum BCIS-1 Jeopardy Score of 12
was present in 45% of the no planned
IABP group overall and in 72% of
those requiring rescue IABP insertion.

MACCE occurred in 4 of rescue cases
(22%), all of which were instances of
periprocedural myocardial infarction.
The IABP remained in situ for a
median duration of 8.6 (interquartile
range, 6-23) hours in the elective
IABP group compared with 22.9 (in-
terquartile range, 17-26) hours fol-
lowing rescue IABP insertion. A post
hoc comparison of the no planned
IABP group who required vs did not
require rescue IABP use is summa-
rized in TABLE 3.

Major or minor bleeding occurred in
19.2% of the elective IABP group and
11.3% of the no planned IABP group
(P = .06; OR, 1.86 [95% CI, 0.93-
3.79]). There was no difference be-
tween the groups in the incidence of
major bleeding (5 and 6 patients, re-
spectively), but there was more minor
bleeding in the elective IABP group
(15.9%) compared with the no planned
IABP group (7.3%) (P=.02). Five pa-
tients in the elective IABP group and
none in the no planned IABP group had
an access-site complication (P=.06 by
Fisher exact test). The median dura-
tion of in-hospital stay in both groups
was 2 (interquartile range, 1-5) days
(P = .12). No transient ischemic at-
tacks were documented in either group.

COMMENT
BCIS-1 addressed the hypothesis that
elective IABP insertion in patients with
poor left ventricular function and ex-
tensive coronary disease would re-
duce the incidence of MACCE at hos-
pital discharge (capped at 28 days). The
study has demonstrated that there is no
difference in the incidence of the com-
posite end point of death, myocardial
infarction, cerebrovascular events, or
further revascularization with elective

Figure 2. Cumulative Mortality Estimates by
Treatment Assignment
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Mortality at 6 months was numerically lower in the
elective intra-aortic balloon pump (IABP) group than
in the no planned IABP group, although this was not
statistically significant (4.6% vs 7.4%, P=.32 by the
�2 test).

Table 2. Trial Outcomes

Variable

No. (%)

OR (95% CI)a
P

Value
Elective IABP

(n = 151)
No Planned IABP

(n = 150)
Primary end point

MACCEb 23 (15.2) 24 (16.0) 0.94 (0.51-1.76) .85
MI 19 (12.6) 20 (13.3) 0.93 (0.48-1.83) .85
Death 3 (2.0) 1 (0.7) 3.02 (0.31-29.37) .34
CVA 2 (1.3) 0
Further revascularization 1 (0.7) 4 (2.7) 0.24 (0.03-2.20) .21

Secondary end points
6-mo mortality 7 (4.6) 11 (7.4)c 0.61 (0.24-1.62) .32
Bleeding

All 29 (19.2) 17 (11.3) 1.86 (0.93-3.79) .06
Major 5 (3.3) 6 (4.0) 0.83 (0.20-3.36) .77
Minor 24 (15.9) 11 (7.3) 2.39 (1.07-5.61) .02

Procedural complications 2 (1.3) 16 (10.7) 0.11 (0.01-0.49) �.001
Access-site complications 5 (3.3) 0 .06d

Abbreviations: CI, confidence interval; CVA, cerebrovascular accident; IABP, intra-aortic balloon pump; MACCE, ma-
jor adverse cardiac and cardiovascular events; MI, myocardial infarction; OR, odds ratio.

aOdds ratios are unadjusted.
bMACCE is hierarchical (death�MI�CVA� further revascularization); the sum of individual end points is greater than

the total composite primary events, because 1 patient had an MI and died and 2 patients had MIs and further per-
cutaneous coronary interventions.

cData unavailable for 1 patient.
dBy Fisher exact test.
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IABP insertion compared with a strat-
egy of no planned IABP insertion. An
absolute 2.8% difference in mortality at
6 months favoring the elective IABP
group was observed, but this differ-
ence was not statistically significant.
The present trial was not powered to

detect a difference in mortality at 6
months between the groups. Elective
IABP use was associated with signifi-
cantly fewer procedural complica-
tions but more minor bleeding and
more access-site complications than
when PCI was performed without

planned IABP insertion. These results
do not support a strategy of prophy-
lactic placement of an intra-aortic bal-
loon catheter during PCI in all pa-
tients with severe left ventricular
dysfunction and a high myocardial
Jeopardy Score.

It is important to note that rescue
IABP insertion was required in 12% of
the group assigned to a strategy of PCI
without planned balloon pump inser-
tion. Rescue IABP use was at the dis-
cretion of the operators and was largely
driven by the occurrence of prolonged
hypotension. This finding is consis-
tent with the observations of Briguori
et al,8 who found that 15% of patients
undergoing high-risk PCI experi-
enced sufficient hypotension to war-
rant emergency IABP placement dur-
ing the procedure. In the current study,
rescue IABP placement appeared to be
associated with a worse in-hospital out-
come than did elective IABP insertion.
Patients receiving rescue IABP place-
ment also required a longer duration of
IABP support and had a more pro-
longed in-hospital stay than those in the
elective IABP group, which accords with
previous registry data.9 In the absence
of clear markers that would allow pro-
spective identification of patients who
will require rescue IABP insertion, a
standby IABP approach is advisable
when undertaking PCI in the pres-
ence of severe left ventricular impair-
ment and extensive coronary disease,
to allow timely emergency placement
of a balloon catheter if required.

The lack of benefit for routine elec-
tive balloon counterpulsation in reduc-
ing MACCE in this study contrasts with
data from previous registries and mer-
its further consideration. First, did the
patients enrolled in this study com-
prise a sufficiently high-risk cohort?
The presence of severe left ventricular
dysfunction (mean ejection fraction,
24%), extensive coronary disease (mean
Jeopardy Score, 10), a high prevalence
of diabetes, and an urgent indication for
revascularization in nearly half of the
population would certainly place these
patients at the upper end of the spec-
trum of risk following PCI.15,16 Further-

Figure 3. Elective Intra-aortic Balloon Pump Insertion and Rates of Major Adverse Cardiac
and Cardiovascular Events

Favors
Elective IABP

Favors No
Planned IABPSubgroup No. OR (95% CI)

Diabetes
Yes 106 0.88 (0.28-2.70)
No 195 0.99 (0.47-2.09)

Overall 301 0.94 (0.51-1.76)

Gp IIb/IIIa inhibitor use
Yes 128 1.00 (0.42-2.38)
No 172 0.98 (0.39-2.44)

GFRa

>Median 143 1.08 (0.36-3.26)
≤Median 143 1.19 (0.50-2.83)

BCIS-1 jeopardy scoreb

12 139 0.60 (0.25-1.40)
8 82 1.06 (0.28-3.97)

0.25 0.50 1.00 2.00 4.00
OR (95% CI)

BCIS-1 indicates Balloon Pump–Assisted Coronary Intervention Study; CI, confidence interval; GFR, glomer-
ular filtration rate; Gp, glycoprotein; IABP, intra-aortic balloon pump; OR, odds ratio. Vertical dashed line in-
dicates overall estimate. Elective IABP insertion had no significant effect on the occurrence of major adverse
cardiac and cardiovascular events in the overall study population or any of the predefined groups.
aMedian estimated GFR, 59.1 mL/min.
bFor clarity, only the comparison between BCIS-1 Jeopardy Scores 8 and 12 are shown; there was no signifi-
cant interaction between Jeopardy Scores 8 vs 10 or 10 vs 12.

Table 3. No Planned IABP Group by Requirement for Rescue IABP

Variable

No. (%)

P Value
Rescue IABP Required

(n = 18)
No IABP Inserted

(n = 132)

Baseline and procedural characteristics
Age, mean (SD), y 74 (8) 71 (10) .26

Men 12 (67) 105 (80) .22

Diabetes 6 (33) 44 (33) �.99

GFR, median (IQR), mL/mina 50.1 (38.5-78.7) 60.8 (43.3-80.7) .46

Ejection fraction, mean (SD), % 24.4 (5.5) 23.5 (5.6) .56

BCIS-1 Jeopardy Score
Mean (SD) 11.2 (1.4) 10.2 (1.7) .02

Patients with maximum scoreb 13 (72) 55 (42) .02

Vessels attempted, mean (SD) 1.94 (0.87) 1.60 (0.71) .06

Vessels revascularized, mean (SD) 1.82 (0.88) 1.61 (0.71) .25

Outcome
MACCE at hospital discharge 4 (22) 20 (15) .49c

Major or minor bleeding 2 (11) 15 (11) �.99c

Access-site complications 0 0 NA

In-hospital stay, median (IQR), d 4 (3-7) 2 (1-4) �.001
Abbreviations: BCIS-1, Balloon Pump–Assisted Coronary Intervention Study; GFR, glomerular filtration rate; IABP, intra-

aortic balloon pump; IQR, interquartile range; MACCE, major adverse cardiac and cardiovascular events; NA, not ap-
plicable.

aBased on Cockroft-Gault formula.14

bJeopardy Score ranges from 0-12.
cBy Fisher exact test.
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more, the congruence of predicted and
observed MACCE rates in the no
planned IABP group suggests that the
risk profile of the enrolled population
matches that anticipated when deter-
mining the sample size for this study.

Second, the decreased efficacy of elec-
tive balloon pump support may reflect
advances in PCI techniques in the past
decade, which in turn have resulted in
better procedural outcomes and re-
duced complications. These advances are
exemplified by rates of stent use during
PCI (approximately 94% in BCIS-1 but
�50% in previous registries).9

Third, there is an established rela-
tionship between institutional vol-
ume and outcome following PCI.17,18

This trial was conducted across 17 high-
volume centers in the United King-
dom (a mean of 1695 [SD, 573] PCI
procedures were performed at each cen-
ter per year of recruitment to BCIS-
119), and the majority of operators were
cardiologists experienced at perform-
ing complex PCIs and using percuta-
neous hemodynamic support devices.
It is unclear whether inclusion of a more
heterogeneous group of centers and op-
erators may have affected the inci-
dence of major complications overall
and, therefore, the relative efficacy of
elective counterpulsation. Neverthe-
less, BCIS-1 provides clarification of the
conflicting signals that had emerged
from observational and retrospective
registries regarding the role of elective
IABP support during high-risk PCI. Our
findings mirror the conclusions of a re-
cent meta-analysis of IABP therapy in
the context of primary PCI for STEMI
in patients who are hemodynamically
stable at the outset.5

Albeit primarily designed to evalu-
ate the efficacy of elective balloon coun-
terpulsation, BCIS-1 also represents one
of the largest contemporary cohorts of
patients undergoing PCI for ischemic
cardiomyopathy. Treatment of coro-
nary disease in patients with signifi-
cant left ventricular dysfunction has tra-
ditionally been associated with a poor
outcome, regardless of the mode of re-
vascularization.20,21 Although random-
ized efficacy trials of revascularization

are awaited, observational data sug-
gest that advances in procedural tech-
niques and adjunctive medical therapy
may have resulted in a gradual improve-
ment in survival following percutane-
ous22,23 or surgical24 revascularization
in this group of patients. The excel-
lent short- and medium-term survival
demonstrated in this study provides fur-
ther evidence of this trend.

Study Limitations

The BCIS-1 Jeopardy Score provided a
semiquantitative estimate of the amount
of myocardium at risk in the event of he-
modynamic compromise, on the basis of
the distribution and extent of coronary
disease.11 However, the Jeopardy Score
has several limitations as a marker of risk
during PCI. First, it does not take into
account the characteristics of coronary
lesions, which directly translate to the
complexity of PCI and hence outcome.
The Syntax Score25 had not been de-
scribed and validated when the current
study was designed; as a consequence,
this information was not collected pro-
spectively. Second, the Jeopardy Score
does not incorporate viability of the myo-
cardium subtended by the diseased coro-
nary vessels, which affects the impor-
tance of each vessel as a potential source
of ischemia and consequent compro-
mise during PCI and also predicts the
long-term outcome following revascu-
larization.26 Viability testing was not
mandated in BCIS-1, because the trial
only enrolled patients already sched-
uled to undergo PCI; the decision to pro-
ceed to percutaneous revascularization
had been made by the clinical team man-
aging the patient, based on a combina-
tion of symptoms, noninvasive testing,
or both before inclusion in the trial.
Third, the study was powered to detect
a 10% difference in MACCE and we can-
not exclude a smaller treatment effect,
although it should be noted that this is
the largest randomized study to date in-
volving this high-risk group of patients.

CONCLUSIONS
In summary, BCIS-1 randomized 301
patients with severe left ventricular
dysfunction and extensive coronary

disease to undergo elective IABP
insertion before PCI or to undergo
PCI without planned IABP support.
The study did not demonstrate a dif-
ference in MACCE at hospital dis-
charge and therefore does not sup-
port routine elective IABP insertion
before high-risk PCI. However, 12%
of patients who underwent PCI with-
out elective IABP insertion required
rescue IABP support, which high-
lights the importance of adopting a
standby IABP strategy when under-
taking high-risk PCI.
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