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Abstract
Aims: The haemodynamic effects of primary implantation of an intra-aortic balloon pump (IABP) versus 
inotropes in decompensated heart failure and low output (DHF-LO), but without an acute coronary syn-
drome, have not been investigated. We therefore aimed to investigate the effect of primary IABP implanta-
tion as compared to inotropes on haemodynamics in DHF-LO with no acute ischaemia.

Methods and results: Patients (n=32) with DHF-LO despite IV diuretics were randomised to primary 
50 mL IABP or inotropes (INO: enoximone or dobutamine). The primary endpoint was the improvement 

2) at 3 hours; secondary endpoints 
-

pnoea severity score, all at 48 hours. Data are presented as median (IQR). Patients were 60 (48-69) years old 
and 72% were male. Baseline SvO2 2 was higher in the IABP group (+17 [+9; +24] vs 

negative cumulative fluid balance, and a greater reduction in dyspnoea severity score. There were no IABP-
related serious adverse events (SAEs). Thirty-day mortality was 23% (IABP) vs 44% (INO).

Conclusions: Primary circulatory support by IABP showed a significant increase in improved organ per-
fusion assessed by SvO2. 
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IABP vs inotropes for decompensated heart failure

Abbreviations
ACS acute coronary syndrome
AMI acute myocardial infarction
ANOVA analysis of variance
CPO cardiac power output
CS cardiogenic shock
DHF-LO decompensated heart failure and low output
DSMB data safety monitoring board
ECG electrocardiogram
ECMO extracorporeal membrane oxygenation
eGFR estimated glomerular filtration rate
ESC European Society of Cardiology
HTX heart transplant
IABP intra-aortic balloon pump; the group treated with 

IABP
INO inotropes; the group treated with inotropes
IQR interquartile range
IRB institutional review board
LV left ventricle
LVAD left ventricular assist device
MACE major adverse cardiac events
MAP mean arterial pressure
MR mitral valve regurgitation
NT-proBNP N-terminal pro B-type natriuretic peptide
PAPi pulmonary artery pulsatility index
pVAD percutaneous ventricular assist device
SAE serious adverse event
SvO

2
 mixed-venous oxygen saturation

TAPSE tricuspid annular plane systolic excursion

Introduction
Decompensated heart failure and low output (DHF-LO) is 
a severe condition that is characterised by diuretic resistance 
and high mortality. Use of inotropes in this specific condition, 
although recommended as first-line therapy, has been associated 
with no or only temporary improvement or even increased over-
all mortality1,2. Mechanical circulatory support may be neces-
sary to prevent irreversible end-organ damage. For more than 
40 years, the intra-aortic balloon pump (IABP) has been used to 
improve coronary and peripheral perfusion via diastolic balloon 
inflation and to augment left ventricular (LV) performance via 
systolic balloon deflation through a decreased afterload. IABP is 
the most frequently used LV assist device which has proved to 
be safe and only minimally invasive. However, use of the IABP 
failed to improve short- and long-term survival in a post-acute 
myocardial infarction (AMI) setting and/or in AMI complicated 
by cardiogenic shock (CS)3,4. The IABP is therefore not routinely 
recommended in the latest ESC guidelines. Nowadays, advanced 
mechanical support capable of providing greater output is avail-
able, either as a percutaneous ventricular assist device (pVAD) or 
as extracorporeal membrane oxygenation (ECMO)5-7. However, 
these systems are more invasive, not widely adopted and, so far, 
there is a lack of compelling evidence supporting their efficacy. 

Although a frequent cause of DHF-LO is acute ischaemia, a non-
ischaemic acute event accounts for at least one fifth of low-out-
put cases8. The haemodynamic needs, as represented by a low 
mixed-venous oxygen saturation (SvO2), may be different in 
non-ischaemic DHF, where low output may be caused by biven-
tricular pump failure and volume overload, versus AMI, where 
myocardial contractile reserve is acutely impaired9,10. We there-
fore aimed to investigate the effect of primary IABP implanta-
tion as compared to inotropes on haemodynamics in DHF-LO 
with no acute ischaemia.

Editorial, see page 571

Methods
PATIENTS

(de novo or acute on chronic) to the intensive cardiac care unit of 
the Erasmus University Medical Center were eligible for participa-
tion. In order to be included in the study, a subject had to meet all of 
the following characteristics: no signs of acute ischaemia as clini-
cal trigger (defined by dynamic ST-T changes on electro cardio-
gram [ECG] and typical rise and fall pattern in cardiac enzymes), 
systolic blood pressure <100 mmHg, fluid retention (elevated cen-
tral venous pressure, palpable liver, or oedema), at least moderate 
tricuspid and/or mitral valve regurgitation (MR) and dilated infe-
rior caval vein (>22 mm), high filling pressures and low cardiac 
output (pulmonary capillary wedge pressure >15 mmHg, central 
venous pressure >12 mmHg, and SvO2 <55%), neutral or positive 
fluid balance despite fluid restriction (1.5 L/24 hrs) and adminis-
tration of high-dose intravenous diuretics, together with dysfunc-
tion of at least one other organ. “High-dose” intravenous diuretics 
was defined as at least 125 mg furosemide per 24 hours (in 
de novo heart failure) or as the doubled total intravenous dosage 
equal to the daily oral loop diuretic dosage in furosemide equi-
valents (in acute on chronic heart failure), for at least 12 hours. 
“Organ dysfunction” was defined as an arterial oxygen saturation 
<90% requiring oxygen supplementation aiming at an arterial oxy-
gen saturation of 92-98%, or the presence of a worsening renal 
function (creatinine clearance <50 mL/min), aspartate transami-

Exclusion criteria were moderate-severe aortic valve regurgitation, 
femoral artery occlusion, and acute myocardial infarction <7 days 
before inclusion.

TRIAL DESIGN

In this investigator-initiated open-label single-centre parallel 
randomised controlled trial, patients underwent 1:1 randomisa-
tion to primary IABP implantation or treatment with inotropes. 
Randomisation was performed using random permuted blocks of 
sizes 4 and 2, using sealed opaque envelopes.

PROCEDURES

Each patient received a pulmonary artery catheter (CCOmbo; 
Edwards Lifesciences, Irvine, CA, USA). Patients were then 
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randomised to IABP (without inotropes, IABP group) or inotropic 
therapy (without IABP, INO group). All patients had bed rest for at 
least three hours after randomisation. Baseline SvO2 was measured 
twice within an interval of 15 minutes and averaged (with allowed 
absolute difference <5%) to ensure that the patient was in a stable 
condition before the trial was started. In the IABP group, an inter-
ventional cardiologist implanted the IABP (8 Fr, 50 mL, Sensation® 
Plus; Getinge, Gothenburg, Sweden) by echo-guided femoral 
approach. Unfractionated heparin in a prophylactic dose was given, 
unless the patient had an indication for therapeutic anticoagulation. 
The IABP catheter remained in situ for at least 48 hours, unless 
complications occurred or other therapy (long-term left ventricular 
assist device [LVAD]) was deemed necessary. In the INO group, 
enoximone was started at a dose of 2 μg/kg/min. Instead of enoxi-
mone, dobutamine (3 μg/kg/min) could be administered in case of 
estimated glomerular filtration rate (eGFR) <30 ml/min and heart 
rate <90 bpm without the use of a beta-blocker. Before starting the 
infusion, a bolus injection was given equal to the volume of the 
central venous line used (=0.5 mL). After three hours, the attend-
ing physician was allowed to escalate the dose of the inotrope or to 
add a second inotrope based on pre-specified targets (cardiac index 
>2.5 L/min/m2, SvO2 >55%, lactate <2.0 mmol/L, mean arterial 

treatment was given for at least 48 hours. Crossover (after three 
hours, but within 48 hours) occurred when a patient who received 
an IABP required inotropes, or when a patient receiving inotropes 
required IABP. Strict clinical criteria for crossover were recorded 
within the study protocol and based on prolonged SvO2 <55% and 
elevated lactate levels in the presence of urine output <0.5 mL/
kg/hr. Other escalation of therapy occurred when, after inclu-
sion, patients required norepinephrine (based on a prolonged MAP 
<60 mmHg in the presence of urine output <0.5 mL/kg/hr) or when 
a high output circulatory support device (typically veno-arterial 
extracorporeal membrane oxygenation) was needed (based on pro-
gressively worsening SvO2 and lactate measures, despite high dos-
ages of inotropic and vasopressor support and IABP, or in the case 
of refractory ventricular arrhythmia).

TRIAL ENDPOINTS

The primary endpoint was the change in SvO2 2) (time 
point 3 hours [T3h] minus baseline). Secondary endpoints were 
cardiac power output (CPO, where cardiac output was measured 
by thermodilution) at time point 48 hours (T48h) (absolute and 
change vs baseline), NT-proBNP levels at T48h (absolute and 
relative change vs baseline), cumulative fluid balance at T48h,  

(range 0-10) at T48h, the occurrence of crossover or other esca-
lation of therapy, length of stay in the hospital, and the occur-
rence of MACE (a combined endpoint of cross over or other 
escalation of therapy, heart failure rehospitalisation, stroke, or 
death) at 30 and 90 days. Other clinical, haemodynamic, labo-
ratory, and echocardiographic parameters were all measured at 
the bedside.

TRIAL OVERVIEW

The institutional review board (IRB) approved the study proto-
col (MEC-2016-475). The trial was registered online (Dutch Trial 
Register; www.trialregister.nl; NTR6143). Patients provided writ-
ten informed consent and, in case of sedated patients, the legal 
representative provided consent. An independent data safety mon-
itoring board (DSMB) monitored patient safety. The IRB was 
informed about serious adverse events (SAEs) (within 15 days) 
and clinical outcomes (halfway, and at the end of the study). An 
independent monitor checked the case record and informed con-
sent forms after which the trial was officially closed. The trial 
investigators (C.A. den Uil, N.M. Van Mieghem, L.S. Jewbali, 
M.J. Lenzen, F. Zijlstra, A.A. Constantinescu) designed the trial. 
C.A. den Uil collected, analysed and interpreted the data. All 
authors wrote the manuscript and decided to submit the manu-
script for publication. All authors vouch for the accuracy and com-
pleteness of the data and for the fidelity of the trial to the protocol.

STATISTICAL ANALYSIS

All data are presented as median (interquartile range) or as number 
(percentage) when appropriate. Pulmonary artery pulsatility index 
(PAPi) was calculated as (systolic pulmonary artery pressure – 
diastolic pulmonary artery pressure)/central venous pressure. CPO 
was calculated as cardiac output × mean arterial pressure/451. 

followed for at least 90 days after inclusion. All outcomes were 
reported following the intention-to-treat principle. The Fisher’s 
exact test or Mann-Whitney U test was used to assess differences, 
when appropriate. Changes over time were assessed with two-
way repeated measures analysis of variance (ANOVA) followed 
by Sidak’s multiple comparisons test; p<0.05 was considered to 
indicate statistical significance. A sample of 2×13 patients would 
provide the trial with at least 80% power to detect a significant 
difference in SvO2 (+16 [±9]% for the IABP group11 vs +6 [±9]% 
for the INO group)12. We increased the sample by 15% for the 
planned use of a non-parametric test.

Results
PATIENTS

Between March 2017 and November 2018, 32 patients were ran-
domised: 16 received an IABP and 16 received inotropic therapy 
(median days of support 4 [2-6] vs 10 [5-12] days, respectively, 
p=0.002). All patients randomised to IABP were able to undergo 
the procedure, optionally in a 30° upright position by lying on 
a pillow. Patients were 60 (48-69) years old and 72% were male 
(Table 1). Baseline characteristics as well as baseline measurements 
(Table 2) were not statistically different. Most patients presented 
with acute on chronic heart failure (75%), of primary non-ischae-
mic (dilated) aetiology (66%). Twenty-five percent of the patients 
were mechanically ventilated; these patients received norepineph-
rine, given to counteract the vasodilatory effects of propofol, at the 
time of inclusion. Patients presented with high dyspnoea scores (7 
[6-8]), elevated filling pressures and low cardiac output. Despite 

http://www.trialregister.nl
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echocardiographic evidence of right-sided heart failure, PAPi was 
>1.0 in most patients. Most patients had signs of abnormal renal 
and liver function, high NT-proBNP levels, and elevated markers 
of systemic inflammation. Baseline SvO2 was 44 [39-53]% (p=0.25 
between groups). Baseline administration of furosemide and nor-
epinephrine (in intubated patients only) is shown in Supplementary 

Table 1. In the INO group, following randomisation, 11 patients 
received enoximone and five patients were given dobutamine.

ENDPOINTS

PRIMARY ENDPOINT

2 was higher in the IABP group (+17 [+9; +24] vs +5 [+2; 
+9]%, p<0.001) (Table 3). Figure 1 demonstrates that most IABP 
patients, in contrast to INO patients, immediately and persistently 
achieved an SvO2 >60%.
SECONDARY ENDPOINTS

All patients survived the first 48 hours after randomisation. All 
patients had all measurements taken unless otherwise indicated 
(Table 1-Table 5). IABP patients had a similar CPO at T48h, 

Table 1. Baseline characteristics.

IABP (n=16) Inotropes (n=16) p-value

Age, years 53 [44-64] 61 [54-73] 0.12

Gender, male 12 (75%) 11 (69%) 0.99

Length, cm 177 [172-182] 170 [163-178] 0.13

Weight, kg 74.0 
[68.5-95.1]

70.0  
[54.4-81.5]

0.47

Cardiomyopathy

Ischaemic 5 (31%) 6 (37%)

0.99Non-ischaemic, 
dilated

11 (69%) 10 (63%)

Presentation

De novo 3 (19%) 5 (31%)
0.69

Acute on chronic 13 (81%) 11 (69%)

History of atrial 
fibrillation

7 (44%) 8 (50%) 0.99

Beta-blocker use at 
time of randomisation

4 (25%) 7 (44%) 0.49

Mechanical ventilation 6 (38%) 2 (13%) 0.22

In-hospital time before 
randomisation, hours

19 [12-29] 25 [12-156] 0.13

Table 2. Baseline clinical, haemodynamic, laboratory and echocardiographic measurements.

IABP (n=16) Inotropes (n=16) p-value

Respiratory rate, rpm 23 [17-29] 22 [20-26] 0.99

Arterial oxygen saturation, % 98 [96-98] 96 [95-98] 0.17

Dyspnoea severity score* 8 [7-8] 7 [6-8] 0.10

Heart rate, bpm 86 [80-107] 81 [70-99] 0.14

Rhythm, atrial fibrillation 5 (31%) 4 (25%) 0.99

Mean arterial pressure, mmHg 70 [64-73] 73 [65-78] 0.47

Central venous pressure, mmHg 23 [18-27] 21 [15-25] 0.29

Mean pulmonary artery pressure, mmHg 38 [29-50] 32 [26-39] 0.13

PAPi 1.1 [0.8-1.7] 1.3 [1.1-1.8] 0.38

Pulmonary capillary wedge pressure, mmHg 29 [21-40] 22 [19-30] 0.16

Cardiac output, L/min 3.1 [2.2-3.9] 3.5 [2.3-4.0] 0.47

Cardiac index, L/min/m2 1.5 [1.2-1.9] 1.9 [1.3-2.4] 0.12

SvO
2
, % 40 [36-53] 46 [41-53] 0.25

Cardiac power output, W 0.46 [0.34-0.58] 0.53 [0.38-0.67] 0.32

Sodium, mmol/L 136 [130-141] 133 [130-135] 0.27

Creatinine, mg/dL 1.63 [1.15-2.34] 1.88 [1.25-3.57] 0.20

Haemoglobin, g/dL 12.8 [10.5-15.1] 11.2 [9.9-13.8] 0.16

Aspartate transaminase, U/L 44 [31-202] 109 [38-206] 0.18

Total bilirubin, umol/L 29 [9-57] 14 [8-36] 0.25

Lactate, mmol/L 1.8 [1.2-2.0] 2.0 [1.3-4.8] 0.36

NT-proBNP, ng/L 10,526 [6,500-19,281] 12,187 [8,509-29,773] 0.87

C-reactive protein, mg/L 34 [9-75] 35 [23-67] 0.54

Leukocytes, 10E9/L 11 [7-15] 13 [8-16] 0.64

Echocardio-
graphy

Left ventricular end-diastolic diameter/BSA, mm/m2 34 [31-36] 33 [29-39] 0.84

Moderate-severe mitral regurgitation 15 (94%) 12 (75%) 0.33

Moderate-severe tricuspid regurgitation 12 (75%) 14 (88%) 0.65

TAPSE, mm 14 [10-16] 14 [10-16] 0.81

ICV, mm 25 [23-26] 23 [23-25] 0.32

*Because eight patients were sedated and intubated, dyspnoea severity score was available for 10 IABP/14 INO patients. BSA: body surface area; 
ICV: inferior caval vein; PAPi: pulmonary artery pulsatility index; SvO

2
: mixed-venous oxygen saturation; TAPSE: tricuspid annular plane systolic excursion
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reduction in NT-proBNP levels, a more negative cumulative fluid 
balance and a greater reduction in dyspnoea severity score. Other 
secondary endpoints (crossover or other escalation of therapy, and 
the occurrence of MACE at 30 and 90 days) did not differ signi-
ficantly between the groups of patients. Two and three patients 
crossed over from IABP to INO and vice versa, respectively.

OTHER OUTCOMES

Other changes are listed in Table 4. IABP patients had a greater 
decrease in mean pulmonary artery and wedge pressure. The pre-
valence of moderate to severe mitral regurgitation after 48 hours of 
treatment was lower in IABP patients; right ventricular function (as 

Table 3. Primary and secondary endpoints.

IABP (n=16) Inotropes (n=16) p-value

Primary endpoint

ΔSvO
2
 (3h-0h), % +17 [+9; +24] +5 [+2; +9] <0.001

Secondary endpoints

CPO at T48h, W 0.73 [0.62-0.96] 0.59 [0.48-0.80] 0.17

ΔCPO (48h-0h), W +0.27 [+0.17; +0.45] +0.09 [–0.04; +0.21] 0.004

NT-proBNP level at T48h, ng/L 4,907 [3,254-7,628] 8,772 [5,957-16,712] 0.01

ΔNT-proBNP (48h-0h), % change –59.3 [–78.5; –46.7] –16.0 [–40.4; +3.3] <0.001

Cumulative fluid balance at T48h, mL –3,066 [–3,876; –2,205] –1,198 [–2,251; –70] 0.006

ΔDyspnoea severity score at T48h* –4 [–6; –3] –2 [–3; 0] 0.02

Crossover or other escalation of therapy 3 (19%) 7 (44%)

0.25Crossover 2 (13%) 3 (19%)

Other escalation of therapy¶ 1 (6%) 6 (38%)

Length of stay in the hospital‡ 29 [23-57] 15 [10-18] 0.02

MACE§ 30 days 5 (31%) 10 (63%) 0.16

90 days 6 (38%) 11 (69%) 0.16

*Because eight patients were sedated and intubated, dyspnoea severity score was available for 10 IABP/14 INO patients. ¶Start norepinephrine or 
extracorporeal membrane oxygenation. ‡In patients who survived until discharge. §Combined endpoint of crossover or other escalation of therapy, death, 
heart failure rehospitalisation, TIA/stroke. CPO: cardiac power output; MACE: major adverse cardiac events; SvO

2
: mixed-venous oxygen saturation

70
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40
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0:00 4:00 8:00 12:00 16:00 20:00 24:00 28:00 32:00 36:00 40:00 44:00 48:00
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%
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Two-way RM ANOVA: p<0.001

IABP
INO

Figure 1. Mixed-venous oxygen saturation over time. Data represent 
median (interquartile range). Changes over time between the two 
groups were tested with two-way repeated measures (RM) ANOVA, 
where Sidak’s multiple comparisons test indicated statistical 
significance between the two groups for time points T3h, T24h, and 
T48h. The reference line was set at SvO2=60% to indicate the 
therapeutic target.

measured by tricuspid annular plane systolic excursion [TAPSE] 
and PAPi) did not change significantly. There were no IABP-
related SAEs and the total number of patients with SAEs was 4 
(25%) in the IABP group vs 8 (50%) in the INO group (p=0.27) 
(Table 5). More IABP patients were bridged to durable LVAD or 
heart transplant (5 [31%] vs 0 [0%], p<0.05), which was the main 
reason for the increased length of hospital stay. Thirty-day mortal-
ity was 23% (IABP) vs 44% (INO, p=0.25).

Discussion
This study compared IABP use and inotropes as first-line treat-
ment for non-ischaemic DHF-LO. IABP patients, in contrast to 
INO patients, immediately achieved an SvO2 >60% which is 
regarded as an important therapeutic target13. This benefit was sus-
tained beyond three hours, despite the fact that clinicians made 
titrations in the INO group. IABP-treated patients could be better 
diuresed and had a more negative fluid balance. Other endpoints 
and changes in clinical, haemodynamic and laboratory parameters 
were in favour of primary IABP implantation.

DESIGN AND OUTCOME

All patients had DHF and a low cardiac output, and did not respond 
well to high-dose intravenous diuretics, a condition where ino-
tropes may be considered2. Patients such as these may receive pro-
longed inotropic support, preferably low-dose phosphodiesterase 
inhibition, used as a bridge to (re)introduce chronic heart failure 
therapy including beta-blockers. This strategy is not evidence-
based but was justified in a previous publication14. Although ran-
domised controlled trials in patients with shock from AMI failed to 
demonstrate improvement in haemodynamic parameters or clinical 
outcome4,15, a number of uncontrolled studies reported on the use 
of the IABP as a first-line rescue therapy, after failure of inotropes, 
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in non-ischaemic DHF-LO or CS10,11,16-21. However, none of the 
latter studies was a randomised trial and their results thus indi-
cate current clinical practice. Given the observational findings that 
early use of mechanical circulatory support may be beneficial in 
low-output and CS patients22, we designed the current study, in 

Table 4. (Other) changes in clinical, haemodynamic, laboratory and echocardiographic parameters.

IABP (n=16) Inotropes (n=16) p-value

Arterial oxygen saturation (48h), % +1 [0; +2] 0 [–2; +2] 0.09

Weight (1 week), kg* –4.8 [–8.3; –3.7] –1.8 [–6.7; +1.0] 0.11

Heart rate (48h), bpm –14 [–19; +2] –3 [–11; +1] 0.15

Mean arterial pressure (48h), mmHg +16 [+3; +23] +1 [–17; +8] 0.002

Central venous pressure (48h), mmHg –9 [–12; –4] –6 [–12; –3] 0.64

Mean pulmonary artery pressure (48h), mmHg –9 [–14; –4] –5 [–9; 0] 0.03

PAPi (48h) +0.5 [–0.1; +0.7] +0.5 [–0.2; +2.4] 0.45

Pulmonary capillary wedge pressure (48h), mmHg –10 [–18; –4] –2 [–5; 0] 0.002

Sodium (48h), mmHg +7 [+1; +9] +5 [0; +8] 0.59

Creatinine (48h), mg/dL –0.30 [–0.44; –0.14] –0.27 [–0.52; +0.70] 0.63

Haemoglobin (48h), g/dL –0.3 [–1.9; +0.5] 0.0 [–1.4; +0.5] 0.93

Bilirubin (48h), mmol/L –1 [–5; +5] +2 [–4; +13] 0.29

Lactate (48h), mmol/L –0.6 [–1.1; –0.2] –0.3 [–1.5; +0.2] 0.52

CRP (48h), mg/L +8 [–12; +65] +14 [+1; +21] 0.96

Echocardio-
graphy (48h)

Left ventricular end-diastolic diameter, mm –4 [–8; –1] –1 [–7; 0] 0.38

Moderate-severe mitral regurgitation 4 (25%) 12 (75%) 0.01

Moderate-severe tricuspid regurgitation 7 (44%) 11 (69%) 0.29

TAPSE, mm +1 [0; +2] 0 [0; 0] 0.03

ICV, mm –9 [–10; –1] –3 [–6; –2] 0.29

*Available for 14/16 patients, respectively; in patients who died within one week the last measurement before death was recorded. ICV: inferior caval 
vein; PAPi: pulmonary artery pulsatility index; TAPSE: tricuspid annular plane systolic excursion

Table 5. Clinical outcomes.

IABP 

(n=16)

Inotropes 

(n=16)
p-value

No. of patients with serious 
adverse events

4 (25%) 8 (50%) 0.27

Events

Tracheostomy 1 (6%) 0 (0%) 0.99

Leg ischaemia 0 (0%) 0 (0%) 0.99

Haemorrhagic stroke 1 (6%) 0 (0%) 0.48

Renal replacement therapy 0 (0%) 2 (13%) 0.48

Bleeding requiring red blood 
cell transfusion

0 (%) 1 (6%) 0.99

Sepsis 1 (6%) 1 (6%) 0.99

Delirium 1 (6%) 3 (19%) 0.60

Hip fracture requiring surgery 0 (0%) 1 (6%) 0.99

Ventricular tachycardia 2 (13%) 2 (13%) 0.99

Bridge to LVAD or HTX 5 (31%) 0 (0%)

0.04LVAD 4 (25%) 0 (0%)

HTX 1 (6%) 0 (0%)

In-hospital mortality 3 (19%) 6 (38%) 0.43

30-day mortality 3 (23%) 7 (44%) 0.25

90-day mortality 4 (25%) 9 (56%) 0.15

HTX: heart transplantation; LVAD: left ventricular assist device

which we decided to start mechanical circulatory support as first-
choice therapy (before inotropes were administered) in the IABP 
arm. The control group received a single inotrope for at least three 
hours and two control patients were given norepinephrine from 
the start. We chose SvO2 as the primary outcome measure, since 
(restoring) the balance between oxygen delivery and consumption 
may be a more important and better reproducible target than, for 
example, cardiac index in DHF23,24. Since we reported a greater 
reduction in dyspnoea scores at T48h in IABP patients, the IABP 
was generally well tolerated. The trial was not designed to test for 
differences in clinical outcomes, including MACE. Beforehand, we 
were convinced that crossover or escalation of therapy would be 
of major clinical relevance, particularly in view of the lack of evi-
dence that IABP has a benefit in the patients whom we described; 
we therefore included these items in the definition of MACE.

PROCEDURES

We used 50 cc balloon pump catheters, since Kapur et al showed 
that the haemodynamic support was greater as compared to the 
previously used 30-40 cc balloon catheters25. In INO patients, we 
primarily used a relatively low continuous infusion rate of enoxi-
mone. Enoximone has a better safety profile than dobutamine26, 
and is more effective in patients pre-treated with beta-blockers. In 
addition, enoximone has a fast onset of action of one hour after 
starting a maintenance infusion without a loading bolus, where the 
peak effect is observed after two to three hours27. According to our 
local practice, we did not give a loading dose or a higher infusion 
rate, because we wanted to prevent drops in mean arterial pres-
sure that may have necessitated administration of norepinephrine.
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IABP - MECHANISMS OF ACTION

This manuscript shows the benefit of IABP over inotropes in 
reducing pulmonary capillary wedge pressure, mean pulmonary 
artery pressure and the prevalence of severe MR after 48 hours. 
Studies on ventricular dynamics during counterpulsation report 
that LV unloading occurs more extensively at lower ejection frac-
tions28,29. Starting support immediately reduces stroke work, possi-
bly decreasing myocardial oxygen consumption. Counterpulsation 
decreases LV afterload, preload and intraventricular dyssynchrony. 
Stroke volume may rise 18% and there is an increment in cardiac 
output ranging up to 1.0 L/min, together with an acute increase in 
LV compliance. Aortic counterpulsation may also improve renal 
blood flow30. This may be of interest when treating DHF-LO, 
which is often characterised by insidious onset and sliding pro-
gression, triggered by biventricular heart failure and volume over-
load. One may wonder if the effects, attributed to the IABP in 
our trial, may in fact be explained by other treatment differences, 
particularly fluid management. However, this interpretation is 
unlikely for the following reasons. 1) We included patients who 
had a neutral or positive fluid balance despite fluid restriction and 
administration of high-dose intravenous diuretics. This means that 
our patients had diuretic-resistant DHF, together with a low car-
diac output. 2) Although diuretic dosages were down-titrated in 
both study arms, a more negative fluid balance was reached in 

2), however, 
was already assessed at T3h. We therefore cannot imagine that the 
acute improvement in haemodynamics was caused by inadequate 
fluid management. The correlation between increased cardiac out-
put, improved renal perfusion and (time-dependent changes in) 
renal function is, however, complex and should be evaluated in 
further studies, focusing not only on renal filtration function but 
also on other components such as renal tubular avidity for fluid 
and sodium.

CLINICAL OUTCOMES

Interestingly, 30% of the IABP patients in our study were bridged 
to heart transplant (HTX) or long-term surgical LVAD, in line with 
other studies31, and several patients may be bridged to recovery11. 
Three of six INO patients who died in the hospital could not be 
bridged due to multi-organ failure. No SAEs directly related to the 
use of the IABP catheter were observed. This observation is in line 
with the results from the IABP-SHOCK trial4. One haemorrhagic 
stroke was recorded in the IABP group, in a patient who received 
only a prophylactic dose of heparin. One hip fracture was recorded 
in the INO group, due to a fall out of bed from delirium.

Limitations
First, this study was a single-centre open-label study with a small 
sample size. The study should therefore be considered as a pilot 
study; the data need to be confirmed in a larger trial, for which the 
present study provides a good rationale. Second, one could argue 
that IABP patients seemed sicker up front, given the (non-signifi-
cant) worse haemodynamic profile at baseline, and thus had more 

relative benefit to gain. Given the critical nature of our patients 
and the small sample size, some other variables (including furo-
semide dosage) were indeed not equal at baseline, although not 
statistically different. However, the overall finding of improved 
haemodynamics with the IABP was supported by several sec-
ondary endpoints, underlining the validity of both the primary 
endpoint and the control group. Finally, the results of echocardio-
graphy were not validated by an echo core lab.

Conclusions
We demonstrated the safety and haemodynamic efficacy of a strat-
egy of early mechanical circulatory support by IABP. An appro-
priately powered pivotal trial comparing primary mechanical 
circulatory support to the current standard of care is required.

Impact on daily practice
This study highlights a “forgotten” indication for IABP usage. 
As non-ischaemic DHF-LO was not covered by the IABP-
SHOCK II trial, this field lacks the appropriate evidence. 
Primary IABP implantation caused a clear haemodynamic bene-
fit relative to administration of inotropes, which warrants fur-
ther investigation by a confirmatory study.
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Supplementary Table 1. Administration of vasoactive medications at baseline 
and after randomisation. 

 IABP (n=16) Inotropes (n=16) p-value 

Baseline    

Furosemide  16 (100%) 16 (100%) 0.99 

Furosemide, 
dosage, mg/d (iv) 

 

450 [250-500] 

 

275 [125-500] 

 

0.45 

Norepinephrine, n 
(%)* 

 

6 (38%) 

 

2 (13%) 

 

0.22 

Norepinephrine, 
dosage, ug/kg/min 
(when 
administered) 

 

 

 

0.17 [0.11-0.35] 

 

 

 

0.43 [0.15-0.43] 

 

 

 

0.43 

T0h – immediately 
after randomisation 

   

Enoximone  0 (0%) 11 (69%)  

Enoximone, 
ug/kg/min 

 

- 

 

2.0 [2.0-2.0]† 

 

Dobutamine 0 (0%) 5 (31%)  

Dobutamine, 
ug/kg/min 

 

- 

 

3.0 [3.0-4.0]‡ 

 

T48h    

Furosemide 13 (81%) 13 (81%) 0.99 

Furosemide, mg/d 
(iv), all patients 

 

123 [43-238] 

 

123 [45-219] 

 

0.99 

Enoximone 2 (13%) 13 (81%) <0.001 

Enoximone, 
ug/kg/min, all 
patients 

 

 

0.0 [0.0-0.0] 

 

 

2.0 [1.0-2.0] 

 

 

<0.001 

Dobutamine 1 (6%) 6 (38%)   0.08 



Dobutamine, 
ug/kg/min, all 
patients 

 

 

0.0 [0.0-0.0] 

 

 

0.0 [0.0-5.0] 

 

 

0.11 

Norepinephrine 3 (19%) 7 (44%) 0.25 

Norepinephrine, 
ug/kg/min, all 
patients 

 

 

0.0 [0.0-0.0] 

 

 

0.0 [0.0-0.28] 

 

 

0.14 

* Norepinephrine was only administered to intubated patients to counteract the vasodilatory 
effects of propofol. 
† In 11 patients. 
‡ In 5 patients. 
 




