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Background:Use of Intra-Aortic Balloon Pump (IABP) in combinationwith Impella has been described as an alternative

strategy for mechanical circulatory support (MCS) in patients with cardiogenic shock (CS). We provide a systematic
review aimed to explore the effectiveness of this paired MCS approach.
Methods: We conducted a comprehensive systematic search in MEDLINE, Scopus, and Cochrane databases to identify
all studies that investigated dual MCS with IABP and Impella.
Results:Our search strategy identified 12 articles, including 1 randomized controlled trial, 1 retrospective study, 1 case
series, 7 case report and 2 animal studies. Rationale for this combinedMCS strategy stems from an observed reduction
inmyocardial oxygen demand/supply ratio compared to the use of each device alone, without determining significant
variations in left ventricular work.
Nonetheless, this combined approach also leads to a 30–40 % decline in Impella flow, increasing the risk of bleeding,
Impella displacement, as well as triggering positioning and pressure alarms. Additionally, hemolytic risk data yielded
inconclusive results. Importantly, there were no notable disparities in mortality rates when comparing the combined
strategy to the use of each device individually.
Conclusion: At the current state-of-the-art, there are no conclusive data demonstrating net clinical benefits of combin-
ing Impella with IABP. Considering the substantial risks of morbidity associated, we recommend against its use in clin-
ical practice.
1. Introduction

Cardiogenic shock (CS) remains a significant cause of cardiovascular
morbidity and mortality [1–3]. Previous investigations as well as random-
ized controlled trials (RCTs) assessing the prognostic impact of different
mechanical circulatory support (MCS) devices did not show any survival
benefit compared to inotropic therapy inmultiple randomized control trials
(RCTs) [4–6]. Specifically, the landmark IABP-SHOCK II trial has shown
that intra-aortic balloon pump (IABP) use does not provide either short or
long-term survival benefit over optimal medical therapy in acute myocar-
dial infarction (AMI) patients complicated by CS (AMICS) [6]. However,
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis
diagram.
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aforementioned approach. Nevertheless, recent observational studies [8]
and previous RCTs [9] provide outcome data from this combination used
in real-world scenarios. Therefore, we present a systematic review of the lit-
erature concerning this infrequent and still-debated combined strategy
with IABP and Impella in patients with CS.

2. Methods

2.1. Study design

This study was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews andMeta-analyses (PRISMA) reporting guide-
line [10]. Data were collected by searching the MEDLINE, Scopus, and
Cochrane databases for all studies, regardless of their design or language,
published up to September 1, 2023, analyzing the combined use of IABP
and Impella in CS patients.

2.2. Data extraction

The selection of studies was independently conducted by two authors
(J.F. and M.Z.) in a blinded manner. Any discrepancies in study selection
were resolved through consultationwith a third author (F.P.). Additionally,
we searched the bibliographies of the selected studies for additional refer-
ences. We evaluated and excluded potential overlaps among the sources
used in the reviewed studies. The complete search strategy is provided in
Supplemental Table 1. We included both randomized and non-
randomized studies, as well as case series and case reports that investigated
the combined use of Impella and IABP in patientswithCS. Conversely, stud-
ies examining the use of IABP or Impella alone, commentaries, reviews, and
letters were excluded from our search strategy.

2.3. Quality assessment

For non-randomized studies, the methodological quality was assessed
using the risk of bias in non-randomized studies of interventions
(ROBINS-I) tool [11]. The quality of randomized studies was evaluated
using the revised Cochrane risk-of-bias tool for randomized trials (RoB-2)
[12]. Quality assessment of case series and case reports followed the meth-
odology proposed by Murad et al. [13]. The quality assessment of animal
studies was evaluated using the SYRCLE's tool [14]. The comprehensive
final quality assessment of the included studies is presented in Supplemen-
tal Tables 2, 3, and 4.

3. Results

A total of 64 articles were identified through our search strategy. After
removing duplicates and conducting preliminary screening, we assessed
14 full-text articles for eligibility. Of these, 2 articles were excluded due
to lack of quantitative data, resulting in 12 articles that met our inclusion
criteria and have been included in our analysis (Fig. 1). Specifically, 1
RCT [9], 1 retrospective study [8], 2 animal studies [15,16], 1 case series
[17], and 7 case reports [18–24]. The general characteristics of the patients
enrolled, and study findings are presented in Tables 1, 2 and 3.

3.1. Randomized human studies

The only RCT included in our analysis enrolled patients with AMICS
receiving percutaneous coronary intervention (PCI), inotropic drugs
and an IABP, within 24 h from the index AMI [9]. In particular, patients
were randomly assigned to receive IABP or Impella LP 5.0 + IABP. The
primary endpoint was the cardiac power index (CPI) from baseline to
12 h, while the secondary endpoints were hemodynamic and metabolic
variables over 96 h, Impella-related complications, 30-day left ventricu-
lar ejection fraction (LVEF) and all-cause mortality. The study had
planned to enroll 60 patients, but only 15 AMICS were included due to
slow recruitment.
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The mean time (SD) from AMI to randomization was 78.6 (39.3) hours
in the IABP group and 71.7 (39.4) hours in the group assigned to the com-
bined strategy. Impella insertion occurred 4.4 (2.3) hours after randomiza-
tion, leading to a significant delay in Impella placement from the index
AMI. No significant differences regarding primary and secondary endpoints
were observed, except for major bleeding complications, which occurred
more frequently in the combined MCS group [9] (Table 2, 3).

3.2. Non-randomized animal studies

The first study investigating the combined use of IABP + Impella in
AMICS was conducted in sheep [15]. CS was induced in 7 sheep by occlud-
ing the left anterior descending artery (LAD). In their analysis, the authors
reported that both IABP and Impella, used alone, significantly improved the
carotid and coronary artery flow compared to baseline (Table 2). However,
the combined use was associated with a significantly highermean coronary
and carotid flow compared to IABP or Impella alone (Table 2). Moreover,
the combined use also resulted in a leftward shift of the pressure-volume
curve as well as a significant reduction in the pressure-volume area (PVA)
(Table 2). To assess the heart's oxygen demand/supply ratio, the PVA and
mean coronary artery flow ratio was calculated showing its significant re-
duction with the combined strategy [15] (Table 2).

Moreover, in a porcine model of severe left ventricular failure, use of
Impella alone and combined with IABP significantly increased left ventric-
ular work and cerebral perfusion compared to baseline (Table 2). However,
no difference was observed when comparing Impella and the combined
strategy [16] (Table 2). Hemodynamic parameters such as cardiac output,
cardiac power output, LAD and renal arterial flow showed no significant
improvement using either Impella alone or combined with IABP.
(Table 2) [16]. The authors did report a trend towards improved carotid
blood flow and a reduction in renal artery blood flow with the use of
IABP+ Impella compared to Impella alone, despite a lack of statistical sig-
nificance [16].



Table 1
Baseline characteristics of patients included in systematic review.

Author Type of study Sample size Mean Age in years
(SD), sex (%)

Comorbidities n (%) LVEF Clinical
presentation

Time from onset of
symptoms to dual

MCS

Animal studies
Sauren et al. [15] Animal study 7 NR NR < 20 % from

baseline
CS-STEMI NR

Møller-Helgestad
et al. [16]

Animal study 13 NR NR NR CS-STEMI 2 h

Human studies
Jung et al. [18] Case report 1 70, M No prior medical history 22 % AMICS 4 d
Gupta et al. [19] Case report 1 37, F Asthma

lung T-cell lymphoma
15 % Cardiac arrest 96 h

Wiktor et al. [20] Case report 1 67, F No prior medical history 10 % CS-STEMI During PCI
Romeo et al. [21] Case report 1 45, M No prior medical history 10 % CS-STEMI <24 h
Cubeddu et al.
[22]

Case report 1 48, M No prior medical history 10–15 % CS-STEMI During PCI

Pavlidis et al. [23] Case report 1 63, M Hypertension
dyslipidemia

DM II
stage IV CKD

rheumatoid arthritis

NR Stable angina During PCI

Enezate Tariq
et al. [24]

Case report 1 42, M Hypertension
dyslipidemia

20 % CS-NSTEMI 2 h

Pieri et al. [17] Retrospective study 8 NR Not reported NR AMICS <24 h
Bochaton et al. [9] RCT IABP (6/15)

Excluded (2/15)
53.5 (8.1), M (100)* DM 0 (0)

Prior AMI 0 (0)*
29.7 (8.4)%* AMICS NR

IABP+Impella (7/15) 60.3 (12.3), M (85.7)* DM 2 (28.6)
Prior AMI 1 (14.3)*

29.3 (6.7)%* 60.9 (39.9) h

Bhuiyan et al. [8] Retrospective study Impella (61/101) 65.4 (11.6), M 47
(77.1)*

Hypertension 43(70.5)
dyslipidemia 41 (67.2)

DM 25 (41)
smoker 16 (26.2)
lung disease5 (8.2,

PAD 4 (6.6)
Prior AMI 17 (27.9)
prior CABG 6 (9.8)
prior PCI 31 (59.6)
CKD 20 (32.8)*

28.1 (16.1)%* CS-STEMI 31 (77.5)
CS-NSTEMI 6 (15)

CS-Unstable angina 2 (5)

IABP+Impella
(40/101)

64.8 (10.3),
M (65)*

Hypertension 29 (72.5)
dyslipidemia 24 (60)

DM 15 (37.6)
smoker 6 (15)

lung disease 4 (10)
PAD 0 (0)

Prior AMI 10 (25)
prior CABG 2 (5)
prior PCI 22 (64.7)
CKD 17 (42.5)*

27.4 (14.4)%* Prior/during PCI

All values are reported as mean (SD). *No significant differences in baseline characteristics between groups (p > 0.05).
Abbreviations: AMI: acute myocardial infarction, AMCS: Acute myocardial infarction with cardiogenic shock, CABG: Coronary artery bypass graft, CKD: Chronic kidney dis-
ease, CS: Cardiogenic Shock, DM diabetes mellitus, IABP: Intra-Aortic Balloon Pump, LVEF: left ventricular ejection fraction, M: Male, NR: not reported, NSTEMI: no ST el-
evation myocardial infarction, PAD: peripheral artery disease; PCI: Percutaneous coronary intervention, RCT: Randomized control trial, STEMI: ST elevation myocardial
infarction.
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3.3. Non-randomized human studies

In 2023, a retrospective analysis was conducted of 652 AMICS patients
who had undergone PCI treated with either Impella alone or in combina-
tion with IABP [8]. The study aimed to evaluate the occurrence of major
bleeding events using a modified Bleeding Academic Research
Consortium (BARC) score [25]. The secondary endpoints were the rate of
in-hospital death, AMI, or acute cerebrovascular events. Major bleeding
complications, major adverse cardiac and cerebral events, and in-hospital
mortality rate were similar between two groups [8] (Table 3).

Other data exploring the combined use of IABP+ Impella were derived
from one case series [17] and seven case reports [18–24], for a cumulative
count of fifteen patients. The baseline characteristics of patients are pro-
vided in Table 1. Thirteen patients received dual MCS on the same day of
coronary angiography [17,20–23], two patients had an Impella device
placed >24 h after the index AMI [18; 19], while in another case report
the time of MCS initiation was not reported [24] (Table 1). Regarding the
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order of device placement in the studies analyzed, IABP was typically
used as the first device followed by Impella [18–21,23,24]. Only one case
report described the use of Impella as the first device [22]. Pieri et al.'s
case series did not provide information on the order of device implantation
[17], while Bhuiyan et al.'s study only reported partial information [8]. The
authors reported that IABP was placed before PCI in 32 % of cases, while
Impella was placed before PCI in only 10 % of cases [8].

Considering patients outcome, eleven patients recovered from CS
and were subsequently discharged from the hospital, while three pa-
tients died, and one received a left ventricle assist device [17–24]
(Table 3). One episode of major bleeding and one episode of hemolysis
were reported [17] (Table 3). Several cases reported hemodynamic
data, showing an improvement in cardiac index (CI) with dual MCS
compared to IABP, as documented in one case report [19]. Additionally,
an improvement in systolic, diastolic, and mean arterial blood pressure
was observed with dual MCS compared to each device alone [20,22,23]
(Table 2).



Table 2
Hemodynamics parameters.f

Author Hemodynamics parameters

Animal studies
Sauren et al. [15] -LV peak pressure (mmHg):

• Baseline 59 (9)
• IABP 59 (11) a

• Impella 41 (14) a

• IABP +Impella 40 (16) a,b

-Mean coronary artery flow (ml/min)

• Baseline 47 (24)
• IABP 53 (26) a

• Impella 69 (34) a

• IABP+Impella 92 (51) a,b,c

• -Mean carotid artery flow (ml/min)
• Baseline 246 (52)
• IABP 285 (72) a

• Impella 275 (85) a

• IABP+Impella 334 (87) a,b,c

-Pressure-volume area/mean coronary artery flow
(J-min/L)

• Baseline 15 (5)
• IABP 10 (4) a

• Impella 5 (3) a

• IABP+Impella 3 (2) a,b,c

Møller-Helgestad et al.
[16]

-CO (L/min)

• No support 6.4 (1.5)
• IABP 6.4 (1.6) d

• Impella 6.8 (1.6) d

• IABP+Impella 6.8 (1.7) d

• -CPO (Watt)
• No support 1 (0.3)
• IABP 1 (0.3) d

• Impella 1.1 (0.3) e

• IABP+Impella 1.1 (0.4) e

-LV work (kg-m/min)

• No support 4.7 (1.4)
• IABP 4.4 (1.8) d

• Impella 5.4 (1.8) g

• IABP+Impella 5.6 (2) h

-Carotid blood flow (ml/min)

• No support 307 (109)
• IABP 317 d

• Impella 332 (109) e

• IABP+Impella 342 g

-LAD flow (ml/min)

• No support 87
• IABP 80 d

• Impella 90 d

• IABP+Impella, 88 d

-Renal artery blood flow (ml/min)

• No support 245 (104)
• IABP 261 d

• Impella 303 (146) e

• IABP+Impella 289 d

Human Studies
Jung et al. [18] - Mean flow index*

• IABP: sluggish flow
• Impella: sluggish flow
• IABP+Impella: continuous flow

Gupta et al. [19] - CI (L/min/m2)

Table 2 (continued)

Author Hemodynamics parameters

• IABP 1.4
• IABP+Impella 2.4

Wiktor et al. [20] -PA (mmHg)

• IABP 114/36
• Impella 85/56
• IABP+Impella 107/79
-MAP (mmHg)

• IABP 62
• Impella 66
• IABP+Impella 88

Romeo et al. [21] NR
Cubeddu et al. [22] -PA (mmHg)

• IABP 65/37
• Impella 57/52
• IABP+Impella 93/79
-MAP (mmHg)

• IABP 53
• Impella 55
• IABP+Impella 86

Pavlidis et al. [23] - MAP (mmHg)

• IABP 45
• IABP+Impella 80

Enezate et al. [24] NR
Pieri et al. [17] NR
Bochaton et al. [9] 12 h after implantation:

-Change in CPI (W/m2)

• IABP 0.08 (0.08) vs IABP+Impella −0.02 (0.25), ns
- Change in MAP (mmHg)

• IABP 2.3 (10.3) vs IABP+Impella −0.7 (14.3), ns
-Change in CI (L/min/m2)

• IABP 0.5 (0.39) vs IABP+Impella −0.05 (1.41), ns
Bhuyian et al. [8] NR

All values are reported as mean (SD). *Mean flow index: estimation of microcircu-
lation with orthogonal polarization spectral intravital microscopy and semiquanti-
tative computerized analysis [28].
Abbreviations: CI: cardiac index, CPI: cardiac power index, CPO: cardiac power out-
put, CS: cardiogenic shock, LAD: left anterior descending artery, IABP: intra-aortic
balloon pump LV: left ventricle, SBP: systolic blood artery pressure, MAP: mean ar-
tery blood pressure, NR: not reported; ns: not significant (p > 0.05).

a p < 0.05 (vs baseline).
b p < 0.05 (vs baseline, IABP).
c p < 0.05 (vs baseline, IABP, Impella).
d p > 0.05.
e p < 0.05.
f p = 0.01.
g p < 0.005.
h p < 0.0001 (vs no support at 10 min).
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4. Discussion

Impella provides the majority of unloading support during this dual
MCS strategy, determining a reduction and a leftward shift in pressure-
volume area [15]. The additional use of IABP increases pulsatility and
may enhance carotid [15,16] and coronary perfusion [15,16], balancing
myocardial oxygen demand and supply, potentially improving myocardial
recovery in AMICS patients [15]. However, this has only been demon-
strated in a single animal study thus far [15]. Despite this, internal data
from the manufacturer of Impella (Abiomed®) report that the use of IABP
in combination with Impella may incur a higher risk of Impella



Table 3
Hemorrhagic complications and outcome of patients included in systematic review.

Author Hemorrhagic
complications

Outcome

Animal studies
Sauren et al. [15] No NR
Møller-Helgestad
et al. [16]

No NR

Human Studies
Jung et al. [18] No In-hospital death
Gupta et al. [19] No Recover from CS, on follow-up

LVEF 50 %
Wiktor et al. [20] No Recover from CS, at 16 months

NYHA II
Romeo et al. [21] No Recover from CS, at 14 days

weaned off of MCS, LVEF 30 %
Cubeddu et al. [22] No In-hospital death (persistent

multi-organ failure and sepsis,
4 days after)

Pavlidis et al. [23] No Recover from CS, on discharge
normal LVEF

Enezate et al. [24] No Recover from CS, discharged
Pieri et al. [17] 1/8 major bleeding,

1/8 episode of hemolysis
1/8 in-hospital death, 1/8

LVAD, 6/8 patients recovered
from CS

Bochaton et al. [9] -Major bleeding:
IABP 0 vs IABP+Impella 5

(71.4) p = 0.02

No statistically significant
differences between two groups
in terms of technical failure,

refractory heart failure, sepsis,
limb complication

Bhuyian et al. [8] -BARC ≥3:
Impella 43 (74.1) vs

IABP+Impella 25 (69.4),
p > 0.05

-In-hospital death: Impella 18
(29.5) vs IABP+Impella 10

(25), p > 0.05
-Total MACCE:

Impella 46 (79.3) vs
IABP+Impella 29 (80.6),

p > 0.05

Abbreviations: BARC: bleeding Academic Research Consortium, CS: cardiogenic
shock, IABP: intra-aortic balloon pump, LVAD: left ventricle assist device, LVEF:
left ventricular ejection fraction, MACCE: major adverse cardiac and cerebral
events, MCS: mechanical circulatory support, NR: not reported, NYHA: New York
Heart Association.
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Fig. 2. Automated Impella controller reveals low flow events associated with IABP initi
* Denotes Impella flow was reduced drastically in diastole on a beat-to-beat basis, and r
a The figure has been obtained and published with the permission of Abiomed ®.
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displacement, misinterpretation of pressure signal, false Impella console
alarms and a 30–40 % reduction of Impella flow rate (Fig. 2).

The mechanism behind the Impella flow reduction can be explained by
the increased resistance generated by diastolic inflation of IABP. Specifi-
cally, as illustrated in Fig. 2, the flow reduction occurs on a beat-to-beat
basis during diastole when IABP is coupled 1:1. Conversely, during systole,
when IABP is deflated, the flow generated by Impella is maintained. There-
fore, the conflict arises during diastole.

The flow rate reduction results in increased red cell transit time through
the Impella pump, which may lead to a higher risk of hemolysis. Despite
this, data collected yielded inconclusive results concerning the risk of he-
molysis (Table 3). Moreover, the reduction of Impella flow could worsen
renal perfusion potentially increasing the risk of renal replacement therapy.

Identification of optimal duration for de-escalation, especially in
chronic kidney disease patients, is an important unmet clinical need that
could strongly impact patient outcomes.

Another possible negative interaction is the suppression of suction de-
tection resulting from elevated diastolic pressure. In addition, the use of
two different femoral access points may increase the risk of bleeding, al-
though current data are inconclusive [8,9] (Table 3). Furthermore, the ex-
pertise of physicians in the management of two devices could be
challenging.

The current European guidelines on the management of acute coronary
syndromes suggest that short-term MCS may be considered in severe or re-
fractory AMICS patients to improve clinical and haemodynamic status [26].
However, all RCTs so far have evaluated single devices as interventional
therapy, while data concerning combination of MCS devices are lacking.
Among them, the combination of VA-ECMO with Impella and VA-ECMO
with IABP are the most used, but in Cardiology Units, without local surgical
facilities, IABP and Impella CP may be the only available MCS devices.
Therefore, such devices may represent the only alternative to support CS
patients [8,9,27].

4.1. Limitations of examined studies

Several clinical and methodological aspects, allowing the analysis of
the combined MCS only in a selected group of CS patients, intrinsically
1.8 L/min*

ation a.
ed cell transit time was significantly increased.
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bias the reviewed studies. The IMPELLA-STIC trial has several limita-
tions. First, is the small sample size, which focuses on a very specific
subset of AMICS patients (INTERMACS 3 profile patients) [9]. More-
over, this group includes subjects with mild hemodynamic instability
requiring low or intermediate doses of inotropes. Thus, the findings
from this trial cannot be applied to all AMICS patients. Additionally,
Impella was placed several hours after the index AMI in the combined
MCS group, potentially limiting its benefits. The Bhuiyan et al. study
was retrospective in nature, which is a major limitation. As such, the
low in-hospital mortality rate observed may reflect a selected patient
population [8]. Similar considerations may be applied to access site
bleeding complications, which occurred in only 5 % of patients treated
with dual MCS and 25 % of those treated with Impella alone. The
study did not capture accurate records of medical therapy, and there
was a lack of short- and long-term follow-up. Different therapies admin-
istered by different physicians could potentially have affected clinical
outcomes [8]. As for the other studies included in the review, such as
case series, case reports, and animal studies, they carry limitations in-
herent to their study designs.

5. Conclusions

While the combined use of IABP and Impella can potentially provide
enhanced hemodynamic support by balancing myocardial oxygen sup-
ply and pulsatility, wemust consider the significant reported side effects
resulting from their combined use. These include Impella displacement,
a reduced Impella flow impacting renal perfusion, augmented hemor-
rhagic risk due to double femoral access, a potential increase in hemoly-
sis and increased incidence of false alarms on the Impella console. Based
on these limited available data, the combined use of IABP and Impella
does not appear to provide a sufficiently large enough benefit to the pa-
tient to justify the significant associated risks and we recommend
against its use in clinical practice.
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