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Abstract

Objectives: This study aimed to prospectively investigate intra-aortic balloon pump

counterpulsation (IABP) support in large myocardial infarction complicated by persis-

tent ischemia after primary percutaneous coronary intervention (PCI).

Background: Use of IABP is suggested to be effective by increasing diastolic aortic pres-

sure, thereby improving coronary blood flow. This can only be expected with exhausted

coronary autoregulation, typical in acute myocardial infarction complicated by persistent

ischemia. In this situation, augmented diastolic pressure is expected to increase myocar-

dial oxygenation.

Methods: One hundred patients with large STEMI complicated by persistent ische-

mia after primary PCI were randomized to treatment with or without IABP therapy

on top of standard care. IABP support was initiated following primary PCI, immedi-

ately after inclusion. Primary end point was all-cause mortality, need for (additional)

mechanical hemodynamic support, or readmission for heart failure within 6 months.

Results: Mean age was 63 ± 10 years, 76% were male. Mean systolic and diastolic

blood pressure were 120 ± 25 mmHg and 73 ± 17 mmHg. Mean heart rate was

75 ± 18 mmHg. Before PCI, mean summed ST-deviation was 21 ± 8 mm with only

minimal ST-resolution after PCI. One patient in the IABP group reached the pri-

mary end point versus four patients in the control group (2% vs. 8%; p = 0.16). After

primary PCI, resolution of ST-deviation was significantly more pronounced in the IABP

group (73 ± 17%) compared to the control group (56 ± 26%; p < 0.01).

Conclusions: In this pilot study, in patients with large STEMI and persistent ischemia

after primary PCI, use of IABP showed a nonsignificant decrease in mortality, neces-

sity for (additional) mechanical hemodynamic support or readmission for heart failure

at 6 months, and resulted in more rapid ST-resolution.

K E YWORD S
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1 | INTRODUCTION

Intra-aortic balloon pump counterpulsation (IABP) is the most widely

used mechanical circulatory support device due to its ease of use, low

complication rate, and fast manner of insertion.1 The IABP inflates

and deflates in synchrony with the cardiac cycle, thereby augmenting

diastolic aortic pressure and reducing afterload, theoretically resulting

in increased coronary blood flow and decreased myocardial workload

and oxygen demand.2,3 Appropriate use of IABP counterpulsation has

been subject to heavy debate over the past decade.4–6 Many interven-

tional cardiologists have first-hand experience with the immediate

reversal of hemodynamic deterioration in some patients following IABP

insertion, and animal experiments and retrospective non-randomized

studies confirm these benefits of IABP therapy. In other patients, no

noticeable improvement is observed, and large randomized trials inves-

tigating IABP therapy do not show a benefit.7–9 Those trials have led to

a downgrading of IABP use in the guidelines. This dichotomy between

trials and practice might be the result of insufficient understanding of

the prerequisites needed for effective IABP therapy and the limitations

of regular statistical methods in analyzing such studies in very ill

patients with a typically high and asymmetrical cross-over.

Under normal physiologic circumstances, sphincters at the entrance

of coronary arterioles constrict or dilate in response to coronary perfu-

sion pressure, thereby guaranteeing constant myocardial blood flow

over a wide range of aortic pressures (60–140 mmHg).10 This is known

as coronary autoregulation. With intact autoregulation, the supposed

direct positive effect of counterpulsation on coronary blood flow is

most likely imaginary. Improved coronary blood flow by IABP can only

be expected in situations with exhausted autoregulation, when coro-

nary blood flow is directly dependent on perfusion pressure. In many

previous IABP studies, that was not the case. In contrast, exhausted

coronary autoregulation is typically present in acute myocardial infarc-

tion complicated by persistent ischemia after successful epicardial

reperfusion, that is, successful primary percutaneous coronary interven-

tion (PCI), but ongoing ischemia in the microvasculature.11–13 In such

clinical condition, augmented diastolic blood pressure can be expected

to increase myocardial perfusion.

In this pilot study, we investigated the potential benefit of IABP in

patients with extensive myocardial infarction complicated by persis-

tent ischemia or no reflow after primary PCI.

2 | METHODS

2.1 | Study set up and power analysis

The study was approved by the institutional review board of the Cat-

harina Hospital Eindhoven and is registered at the National Institutes of

Health Clinical Trials website (NCT02125526). All patients provided

oral and written informed consent.

For the power analysis, we considered that in a recent substudy

of the CRISP AMI trial investigating patients with extensive myocar-

dial infarction and persistent ischemia, 6-month mortality was 24%.

We postulated that a relevant reduction in mortality by IABP should

be half of that. This means a reduction of mortality to approximately

12%. Based on these numbers, with type I error level at 0.05 and a

power of 0.80, a total of 329 patients would be necessary to detect

this presumed difference in mortality. Considering withdrawals and

lost to follow-up, the study would be adequately powered with

400 patients. Due to recent negative randomized trial results in large

IABP trials and limited funding, we decided to first investigate our

hypothesis and study protocol by performing a pilot study in 100 patients

to timely detect caveats as present in previous trials and avoid waste

of resources. Consequently, this study should be considered as a

hypothesis-generating pilot study.

2.2 | Patient selection

We included 100 patients aged between 18 and 80 years presenting

with extensive acute myocardial infarction, defined as summed

ST-segment deviation (ΣST-D) of ≥15 mmHg and in whom after

successful epicardial revascularization by PPCI and stenting persis-

tent ischemia was present as reflected by insufficient ST-segment

resolution, defined as <50% ST-resolution (ST-R).14,15

Exclusion criteria consisted of initial ΣST-D less than 15 mm;

ST-R > 50% on the ECG performed in the catheterization laboratory

immediately after primary PCI; Chest pain onset <2 hr or >8 hr

before arrival; severe aortic valve stenosis or regurgitation; aortic or

femoral abnormalities prohibitive for the use of IABP; presentation

with cardiogenic shock requiring immediate support by an assist

device (as judged necessary by the operator); pregnancy; or the

inability to provide informed consent.

2.3 | Electrocardiographic analysis

Qualification of the study was based on the electrocardiogram (ECG) at

presentation in the catheterization laboratory, and the ECG performed

in the catheterization laboratory immediately after primary PCI.

After identifying the J point to the nearest 0.5 mm, ST-deviation was

measured 40 ms after the J point to the nearest 0.1 mV. The ΣST-D was

calculated by adding the sum of ST-elevation to the sum of reciprocal

ST-depression. ST-resolution was defined as the percent reduction in

ΣST-D on the ECG post-PCI. Analysis of both the qualifying ECG at

admission and the qualifying ECG post-PCI was done in the catheteriza-

tion laboratory by the operator and repeated offline by the investigators.

2.4 | Randomization

Immediately after successful stenting (primary PCI), and after the qual-

ifying ECG post-PCI had been performed, oral informed consent was

obtained and thereafter randomization was performed. Patients were

randomized in a 1:1 ratio to receive either standard care or standard

care with adjunctive IABP therapy. In case of randomization to the

IABP-group, insertion of the IABP was performed directly in the cath-

eterization laboratory through the femoral artery and maintained dur-

ing 12-24 hr, whereafter IABP was removed. The remaining part of

VAN NUNEN ET AL. 129



the treatment was exactly identical to routine treatment in both

groups. The flowchart of this study is presented in Figure 1.

2.5 | Outcome measures

The primary end point consisted of a combination of all-cause mortal-

ity, necessity of any additional left ventricular assist device (LVAD),

and hospital re-admission for congestive heart failure within 6 months.

Hospital re-admission for congestive heart failure was defined as a

hospital admission due to clinical signs of heart failure and the neces-

sity of administration of intravenous diuretics or inotropes. The co-

primary end point consisted of mortality at 30 days and 6 months.

Safety end points included major bleeding events according to the

Global Use of Strategies to Open Coronary Arteries (GUSTO) trial. All

events were adjudicated by an independent clinical event committee.

F IGURE 1 Flowchart of the study.
Flowchart of selection of patients in the
study. STEMI, ST-elevation myocardial
infarction; ECG, electrocardiogram;
ΣST-D, summed ST-segment deviation;
PCI, percutaneous coronary intervention;
IABP, intra-aortic balloon pump [Color
figure can be viewed at
wileyonlinelibrary.com]
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Left ventricular ejection fraction was considered a priori not to be

a suitable end point because of the possible dilution of treatment

effect due to death of patients before undergoing echocardiography

(as will be discussed later). ST-resolution in the first 12 hr after PCI

was recorded according to clinical routine and infarct size was esti-

mated by cardiac enzymes.

2.6 | Statistical analysis

Patient characteristics are reported as percentages for discrete vari-

ables, whereas continuous variables are presented as mean ± standard

deviations. Discrete variables were compared using the X2 or Fisher's

exact test as appropriate. Continuous variables were compared using

the Student's t test or Mann–Whitney-U test as appropriate. Kaplan–

Meier analyses and log-rank tests were used to compare time to pri-

mary end point. The acquired data were analyzed using IBM Statistical

Package for Social Sciences (SPSS) for Windows Version 19.0.0.1

(IBM Corporation, Armonk, NY). All statistical tests were two-tailed,

and p-value <0.05 was considered statistically significant.

Analysis was performed on an intention-to-treat basis, being

aware of the fact that cross-over in non-IABP patients to any mechan-

ical support system or upgrading IABP to other left ventricular assist

devices was automatically considered an end point according to the

study protocol. This will be further addressed in the discussion.

3 | RESULTS

3.1 | Baseline, procedural, and electrocardiographic
characteristics

The baseline characteristics of the patients participating in this study

are presented in Table 1. Mean age was 63 ± 10 years, and 76% were

TABLE 1 Baseline characteristics of study population

Total (n = 100)
IABP group
(n = 50)

Control
group (n = 50) p-value

Age (years) 64 ± 11 64 ± 10 63 ± 11 0.84

Male sex 76 (76) 37 (74) 39 (78) 0.64

Height (cm) 175 ± 9 176 ± 9 175 ± 8 0.76

Weight (kg) 79 ± 13 78 ± 15 80 ± 12 0.38

Medical history

Hypertension 27 (27) 12 (24) 16 (32) 0.37

Dyslipidemia 27 (27) 9 (18) 18 (36) 0.04

Diabetes mellitus 13 (13) 4 (8) 9 (18) 0.14

Nicotine use 65 (65) 27 (54) 38 (76) 0.02

Known CAD 12 (12) 4 (8) 8 (16) 0.22

Prior AMI 8 (8) 3 (6) 5 (10) 0.46

Prior PCI 10 (10) 4 (8) 6 (12) 0.50

CABG 3 (3) 1 (2) 2 (4) 0.56

Congestive heart failure 0 (0) 0 (0) 0 (0) N/A

Renal insufficiency 0 (0) 0 (0) 0 (0) N/A

Previous TIA/stroke 2 (2) 1 (2) 1 (2) 1

Peripheral artery disease 2 (2) 2 (4) 0 (0) N/A

Medication

Acetylsalicylic acid 12 (12) 4 (8) 8 (16) 0.22

Thienopyridines 4 (4) 2 (4) 2 (4) 1

Betablockers 14 (14) 7 (14) 7 (14) 1

ACE-inhibitors/AT-II antagonists 20 (20) 6 (12) 14 (28) 0.05

Spironolacton 1 (1) 1 (2) 0 (0) N/A

Calciumblockers 8 (8) 5 (10) 3 (6) 0.46

Statins 21 (21) 7 (14) 14 (28) 0.09

Diuretics 15 (15) 7 (14) 8 (16) 0.78

Nitrates 4 (4) 2 (4) 2 (4) 1

Data are presented as mean ± SD or n (%).

Abbreviations: ACE, angiotensin converting enzyme; AMI, acute myocardial infarction; AT-II, angiotensin II; CABG, coronary artery bypass grafting; CAD,

coronary artery disease; IABP, intra-aortic balloon pump; PCI, percutaneous coronary intervention; TIA, transient ischemic attack.
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male. A large portion of the patients had single or multiple risk factors

for the development of coronary artery disease. Mean systolic blood

pressure at presentation was 120 ± 25 mmHg, whereas mean dia-

stolic blood pressure was 73 ± 17 mmHg. Heart rate at presentation

was 75 ± 18 beats per minute. As usual in our referral area, there was a

short delay from symptom onset to arrival in the catheterization labora-

tory with a mean time of 188 ± 157 min, which was not statistically dif-

ferent between the IABP group and the control group. Infarct location

was exactly equal between the two groups with 25 anterior myocardial

infarctions and 25 inferior myocardial infarctions in each group (Table 2).

At presentation, mean ΣST-D was 21 ± 8 mm and identical

between the two groups. Angiographically successful primary PCI

with TIMI flow grade 3 was achieved in 93% of all patients. In six

patients (four patients randomized to IABP, two patients randomized

to control), angiographic slow flow was visible (TIMI II flow). In one

patient, TIMI 0 flow was visible after primary PCI. This patient was

randomized to the IABP group. There was no visible thrombus load.

Immediately after stenting, on the qualifying ECG to confirm

persistent ischemia and preceding randomization, mean ΣST-D was

22 ± 11 mm and identical between patients randomized to IABP or

control. The duration of IABP therapy in the IABP group was 20 ± 6 hr.

3.2 | In-hospital follow-up

During further electrocardiographic follow-up at the coronary care

unit, summed ST-deviation decreased from 22 to 5 mm in the IABP

group and from 22 to 8 mm in the control group after a mean of 3 hr

(p < 0.01, follow-up ECG available in 74% of the study population).

During hospital admission, zero patients in the IABP group died versus

two patients in the control group who deceased despite initiation of

TABLE 2 Procedural characteristics of study population

Total (n = 100)
IABP group
(n = 50)

Control
group (n = 50) p-value

At presentation

VAS 8 ± 2 8 ± 2 8 ± 2 0.42

Blood pressure (mmHg)

Systolic 120 ± 25 115 ± 23 125 ± 26 0.06

Diastolic 73 ± 17 69 ± 16 76 ± 17 0.03

Heart rate (beats/min) 75 ± 18 73 ± 18 77 ± 19 0.28

Electrocardiographic characteristics

Infarct location

Anterior 50 (50) 25 (50) 25 (50) 1

Inferior 50 (50) 25 (50) 25 (50) 1

Concomitant significant CAD 0.15

None (single vessel) 74 (74) 35 (70) 41 (82)

Two-vessel disease 15 (15) 11 (22) 4 (8)

Three-vessel disease 9 (9) 4 (8) 5 (10)

ΣST-D at presentation (mm) 21 ± 8 21 ± 7 22 ± 8 0.63

ΣST-D after PCI (mm) 22 ± 11 21 ± 9 22 ± 12 0.82

ST-resolution after PCI (%) −6 ± 49 −6 ± 40 −6 ± 56 0.94

Treatment (min)

Symptom onset to first hospital contact (min) 188 ± 157 184 ± 142 190 ± 171 0.87

Infarct-related artery

LM 1 (1) 1 (2) 0 (0)

LAD 50 (50) 25 (50) 25 (50)

CX 11 (11) 7 (14) 4 (8)

RCA 33 (33) 15 (30) 18 (36)

Multiple vessels 5 (5) 2 (4) 3 (3)

PCI success (TIMI III)a 93 (93) 45 (90) 48 (96) 0.24

Use of GpIIb/IIIa inhibitors 46 (46) 21 (42) 26 (52) 0.32

Data are presented as mean ± SD or n (%).

Abbreviations: CAD, coronary artery disease; CX, circumflex; GpIIb/IIIa, glycoprotein IIb/IIIa; IABP, intra-aortic balloon pump; LAD, left anterior

descending; LM, left main; PCI, percutaneous coronary intervention; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction; VAS, visual

analogue scale; ΣST-D, summed ST-segment deviation.
aSuccessful primary PCI was defined as successful stent placement with TIMI III flow.
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extracorporeal life support (ECLS) due to progressive cardiogenic

shock caused by ventricular septal rupture as complication of myocar-

dial infarction.

At discharge, patients were treated with aspirin (96%; n = 96),

ticagrelor (100%; n = 100), a beta-blocker (95%; n = 95), statin therapy

(98%; n = 98), and either an angiotensin-converting enzyme inhibitor

or angiotensin receptor blocker (89%; n = 89). There were no differ-

ences in medical treatment at discharge between the IABP group and

the control group.

In the IABP group, five bleeding complications occurred, compared

to one bleeding complications in the control group (p = 0.09).

3.3 | Outcome

The Kaplan Meier event curve at 6 months is shown in Figure 2. In the

IABP group, one patient reached the composite end point of death,

necessity of LVAD implantation or readmission for heart failure versus

four patients in the control group (2% vs. 8%; log-rank p = 0.16;

Figure 2 and Table 3). One patient in the IABP group versus two

patients in the control group died within 30 days (2% vs. 4%; log-rank

p = 0.56).

Laboratory results did not reveal a difference in infarct size when

measured by CK-MB (Table 3).

4 | DISCUSSION

In this pilot study in 100 patients presenting with extensive acute

myocardial infarction complicated by persistent ischemia after primary

percutaneous coronary intervention, use of IABP showed a nonsignifi-

cant trend in mortality, necessity for (additional) LVAD support or

readmission for congestive heart failure at 6 months follow-up.

Of interest, a fully powered study should have included 400 patients.

If the results in this pilot study would be representative for a fully

powered randomized trial and would be extrapolated to 400 patients,

the results would show a significant benefit of IABP therapy in these

patients.

This is the first study prospectively investigating this specific pre-

sumed benefit of IABP therapy, that is, the treatment of persistent

(ongoing) ischemia after primary PCI. The event rate in our control

group is representative when compared to the event rate in other

studies in patients with persistent ischemia treated medically.16–18

Use of IABP in the presence of persistent ischemia has not been

investigated extensively, but the concept is plausible. Use of IABP is

suggested to be effective by, among others, increasing diastolic aortic

pressure, aimed at improving coronary blood flow and myocardial oxy-

genation. However, with intact coronary autoregulation, it is illusionary

to expect that a higher aortic pressure will result in increased coronary

blood flow.13,19 On the contrary, in patients presenting with STEMI,

adequate epicardial reperfusion by primary PCI, but complicated by

persistent ischemia (or “no-reflow”) as reflected by insufficient ST-R,

F IGURE 2 Primary end point at 6 months. Primary end point at
6 months in patients treated with (blue line) or without (red line) IABP
on top of standard care (one patient vs. four patients; log-rank

p = 0.16) [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3 End points

Total
(n = 100)

IABP group
(n = 50)

Control
group (n = 50) p-value

End points

All-cause mortality at 30 days 3 (3) 1 (2) 2 (4) 0.56

All-cause mortality at 6 months 3 (3) 1 (2) 2 (4) 0.56

Necessity for LVAD 2 (2) 0 (0) 2 (4) N/A

Readmission for heart failure 2 (2) 0 (0) 2 (4) N/A

Infarct size (CK-MB; U/L) 325 ± 204 338 ± 219 311 ± 191 0.53

Combined endpoints

All-cause mortality, necessity for LVAD and/or

readmission for heart failure (primary end point)

5 (5) 1 (2) 4 (8) 0.16

Safety end points

Major bleeding events 6 (6) 5 (10) 1 (2) 0.09

Data are presented as mean ± SD or n (%).

IABP, intra-aortic balloon pump; LVAD, left-ventricular assist device.
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coronary autoregulation can be presumed to be exhausted and a

positive effect of augmented diastolic aortic pressure on myocar-

dial blood flow can be expected, even with normal diastolic blood

pressure.19

Persistent ischemia is believed to be caused by a variety of fac-

tors, including intra-myocardial edema, spasm, and distal embolization.

Whatever the exact mechanism might be, in such a situation, myocar-

dial blood flow is proportional to perfusion pressure, which is aug-

mented by the diastolic inflation of the IABP, thereby increasing

coronary blood flow and increasing oxygen delivery to the myocar-

dium. This, in turn, may limit infarct size and improve outcome. This

concept, and the increase in myocardial oxygen supply by the diastolic

pressure augmentation in the presence of exhausted autoregulation,

has recently been investigated by simultaneous coronary pressure and

flow measurements in animals and in humans.13,19 The concept is

further corroborated by a substudy of the CRISP AMI study, showing

retrospectively a benefit in survival in patients with large STEMI

treated with IABP.20

This leads to the hypothesis that IABP is particularly useful in

patients presenting with acute myocardial infarction and persistent ische-

mia as reflected by lack of ST-resolution on the ECG after primary PCI.

4.1 | Limitations

First of all, this study was only a pilot study with the goal to test the

hypothesis of usefulness of IABP after primary PCI with persistent

ischemia and to discover any potential caveats in the study protocol.

Therefore, the results should be viewed with caution and serve as

hypothesis-generating only. Nevertheless, these results are in line

with pathophysiologic considerations, animal studies, and retrospec-

tive studies.20,21

Second, laboratory results did not show a difference in infarct size

between the two groups. However, the study protocol did not define

the timing and/or amount of laboratory measurements of infarct size,

because the focus was on hard end points such as mortality and

readmission for heart failure. Thereby, a possible peak in CK-MB

(or any other laboratory parameter) might have been missed. These

results should therefore be interpreted with caution, and we decided

not to draw any conclusions regarding these laboratory results.

Third, follow-up was confined to 6 months. It is not known what

happened after these 6 months. One should realize that partial preser-

vation of LVEF will not be reflected by improved survival at short or

medium-term follow-up, but at very long-term follow-up only. In

BCIS-1, no significant difference in outcome was noticeable at hospi-

tal discharge, but a persistent benefit of patients treated with IABP

was revealed after 5 years follow-up.21

4.2 | Conclusion

In this prospective randomized controlled pilot study of 100 patients

presenting with extensive myocardial infarction complicated by per-

sistent ischemia, use of IABP showed a nonsignificant improvement in

outcome at 6 months.
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