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Background: Reports on the role of hemodynamic support devices in patients with severe aortic stenosis (AS) and
left ventricular (LV) dysfunction undergoing balloon aortic valvuloplasty (BAV) are limited.
Methods: Patients were identified from the cVAD registry, an ongoing multicenter voluntary registry at selected
sites in North America that have used Impella in N10 patients.
Results: A total of 116 patients with ASwho underwent BAVwith Impella support were identified. Mean agewas
80.41± 9.03 years andmost patients weremale. Mean STS scorewas 18.77%± 18.32, LVEFwas 27.14%± 16.07,
and 42% underwent concomitant PCI. In most cases Impella was placed electively prior to BAV, whereas 26.7%
were placed as an emergency. The two groups had similar baseline characteristics except for higher prevalence
of CAD and lower LVEF in the elective group, and higher STS score in the emergency group. Elective strategy
was associated higher 1-year survival compared to emergency placement (56% vs. 29.2%, p = 0.003). One-year
survival was higher when BAV was used as a bridge to definitive therapy as opposed to palliative treatment
(90% vs. 28%, p b 0.001). Onmultivariate analysis, STS score and aim of BAV (bridge to definitive therapy vs. pal-
liative indication) were independent predictors of mortality.
Conclusion: In this large cohort of patients with AS and severe LV dysfunction undergoing BAV, our results dem-
onstrates feasibility and promising long-term outcomes using elective Impella support with the intention to
bridge to a definitive therapy.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

There has been an exponential increase in the use of percutaneous
aortic balloon valvuloplasty (BAV) procedures in patients with aortic
stenosis (AS) who are considered inoperable or high surgical risk [1,2].
BAV is considered a safe and effective procedure when performed as a
bridge to definitive therapy i.e. surgical or transcatheter aortic valve
ability and freedom from bias of
replacement (SAVR or TAVR). However, a subgroup of patients with
AS and severe left ventricular (LV) dysfunction are highly susceptible
to hypotension or tachycardia during BAVwhich could lead to rapid he-
modynamic collapse. There are no randomized trials of any form of aor-
tic valve intervention that have involved this subgroup of patients who
may present with cardiogenic shock. Therefore, the optimal treatment
for these patients with extremely poor prognosis remains to be deter-
mined. Further complicating this issue is the high prevalence of con-
comitant coronary artery disease (CAD) in these elderly patients who
may require high-risk percutaneous coronary intervention (PCI) before
definitive treatment. The landmark PARTNER trial excluded patients
with non-revascularized CAD and LV ejection fraction b20% [3]. Single
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centre reports in the past have suggested a role for hemodynamic
support devices in these patients during BAV to improve in-hospital
outcomes [4–8]. The main objective of this study is to present short
and long term outcomes of patients with severe AS and severe LV
dysfunction who underwent BAV with or without PCI with the use
of micro-axial continuous flow percutaneous left ventricular assist
device (Impella, Abiomed, Danvers, MA) in the real world setting and
to compare elective (upfront) vs. emergency (bailout) placement
strategy.

2. Methods

Patients were identified from the centres participating in the Global cVADRegistry, an
on-going multicentre voluntary registry open to selected sites in the North America and
Europe that used the Impella device in N10 patients. The cVAD Registry was designed by
anExecutive SteeringCommittee and supervised by a Scientific Advisory Board overseeing
its on-going conduct to ensure its representativeness of Impella devices usage in a broad
patient population. The registry protocol was reviewed and approved by the Institutional
Review Board at each site. Sites are invited to report all consecutive Impella cases without
pre-selection. A rigorous process was developed for patient enrolment to reduce potential
selection bias within the data. All Impella implants reported in Abiomed's commercial da-
tabasewere examined at cVAD registry participating sites. Patients that were identified as
potentially eligible in the commercial database were expected to be reported in the cVAD
Registry database otherwise sites were notified of the obligation to enter and report the
cases to ensure consecutiveness of the data. Virtually all potentially eligible patients treat-
ed at the participating sites were reported in the data analysis without pre-selection. At
the time of this study there were no European centers activated into the cVAD registry
so the analysis includes only data from North American institutions.

2.1. BAV with Impella support procedure description

Under conscious sedation and local anaesthesia, bilateral femoral arterial and venous
accesses were obtained. Right heart catheterization was performed and hemodynamic
measurementswere recorded inmost cases. After angiographic assessment of thevascular
anatomy, an 11-cm 13F peel-away sheathwas placed in the femoral artery for Impella in-
sertion. Vascular access was obtainedwith a 12F sheath from the contralateral femoral ar-
tery. The aortic valve was crossed retrograde twice and two catheters, one from each
femoral artery, were placed into the left ventricle. All patients were anticoagulated with
unfractionated heparin to achieve an activated clotting time N250 s. The Impella 2.5 or
CP was inserted over a stiff 0.018-in. guide wire. Hemodynamic measurements were re-
corded at baseline and after the Impella cannula was introduced in the LV and its flow in-
creased to the desired level, most frequently “P8” level (Fig. 1). For elective cases, the
decision to place Impella was made by the Heart Team due to presence of severe LV dys-
function (defined as left ventricular ejection fraction [LVEF] b40%), decompensated heart
failure, inotrope use, elevated left ventricular end diastolic pressure (LVEDP) and concom-
itant severe CAD requiring PCI. In these cases, hemodynamic support was initiated before
planned BAV±PCI. In emergency cases, Impellawas rapidly introduced at the time of pro-
found hemodynamic instability or cardiac arrest (Supplementary Materials 1). The timing
of removal of the Impella varied per the discretion of the operator. In patients considered
to be stable after the intervention, weaning and removal of the Impella device was per-
formed in the cardiac catheterization laboratory. Haemostasis was achieved using
“preclose” technique with Proglide devices (Abbott Vascular, Santa Clara, CA) or manual
compression. In cases requiring continued hemodynamic support, the Impella device
was left in place for if deemed necessary by the treating physician.
Fig. 1. Impella-assisted BAV. 1A) Pigtail catheter and Impella positioned in the left ventricle
2.2. Data collection

Datawas abstracted retrospectively from themedical record on to a standard case re-
port form by the sites' study coordinators who were centrally trained. Information was
collected on patient's demographic characteristics, medical history, clinical presentation,
hemodynamic, echocardiographic, and angiographic characteristics, and treatment during
hospitalization, hospital discharge status, and follow-up status when available at the time
of data collection. Additional procedural variables, not existing on the original case report
forms,were extracted from themedical charts into an excel database. Datawasmonitored
against source documentation to maximize accuracy. All patients reported in the registry
that met the listed inclusion criteria were included in the current analysis without pre-
selection of patients or sites.

2.3. Statistical analysis

Continuous variables are expressed as mean ± standard deviation (SD) or standard
error (SE), or median as appropriate. Categorical variables are presented as proportion
with its 95% confidence interval. Continuous variables were analysed via independent t-
test. Alternatively, non-parametric tests were used for very small sample size comparisons
or in the case of skewed distributions. Categorical variables were tested using the Fisher
Exact test. For dichotomous response variables, the z-test for the difference in proportions
(equivalent to Pearson's chi square test) was used to assess group differences, as appropri-
ate. Pre- and post procedure variables were compared using a paired t-test. Kaplan-Meier
survival estimates were calculated and a log-rank test was performed to compare the clin-
ical outcomes between groupswhen appropriate.Multivariable stepwise logistic regression
analyses were performed to identify independent predictors for in-hospital mortality and
independent predictors for emergent use of Impella. Variables with a p-value of 0.1 or
less in the univariate analysis were included in the model. All statistical tests and/or confi-
dence intervals, as appropriate, were performed with a 2-sided p value = 0.05. Statistical
analysis was performed using SAS Software v10.

3. Results

A total of 116 patients with severe symptomatic AS who had BAV
with Impella assistance were identified (58% Impella 2.5 and 42%
Impella CP). Mean age of the study population was 80.41 ± 9.03 years
and most patients were male (75%). The baseline characteristics of the
study population are shown in Table 1. This was a particularly high
risk cohort as noted by a high mean STS predicted risk of mortality
(PROM) of 18.77% ± 18.32. CAD was present in 78% of patients and
PCI performed was performed in 42% of patients. The mean LV ejection
fraction was 27.14% ± 16.07 and mean creatinine 1.86 ± 1.51 mg/dL.
The majority (73.7%) of the Impella devices were placed electively in a
planned fashion prior to BAV, to provide hemodynamic support during
aortic valve dilation and to prevent potential hemodynamic collapse.
The rest (26.7%) were placed as an emergency for management of pro-
found clinical instability or cardiac arrest post BAV (Table 1). The mean
duration of hemodynamic supportwas 16.32±30.14 h. Supplementary
Materials 2 demonstrates the procedural characteristics. Rapid pacing
during the procedure was performed in 84% of the procedures. There
was no need to pre-dilate the aortic valve to facilitate the introduction
of the device in any of the cases. Buddy-balloon technique with a
. 1B) Balloon inflation across the aortic valve with Impella for hemodynamic support.

Image of Fig. 1


Table 1
Baseline characteristics — Elective vs. Emergent/Urgent (bail out) use of Impella for BAV patients.

Characteristics BAV (N = 116 patients) BAV elective Impella (N = 85 patients) BAV emergent/Urgent Impella (N = 31 patients) p-Value

Age
Mean ± SD(N) 80.41 ± 9.03 (116) 80.11 ± 9.27 (85) 81.26 ± 8.41 (31) 0.545
Median 82.00 81.00 82.00
Range (Min, Max) (50.00,99.00) (50.00,99.00) (61.00,92.00)

Gender - Male 75.00% (87/116) 78.82% (67/85) 64.52% (20/31) 0.147
BSA (m2)

Mean ± SD(N) 1.91 ± 0.27 (52) 1.90 ± 0.27 (39) 1.92 ± 0.28 (13) 0.834
Median 1.92 1.92 1.96
Range (Min, Max) (1.35,2.45) (1.35,2.45) (1.47,2.39)

CAD 77.88% (88/113) 83.13% (69/83) 63.33% (19/30) 0.039
Prior MI 35.40% (40/113) 37.35% (31/83) 30.00% (9/30) 0.512
Prior PCI 31.25% (35/112) 34.15% (28/82) 23.33% (7/30) 0.359
Prior CABG 36.28% (41/113) 36.14% (30/83) 36.67% (11/30) 1.000
Stroke 15.18% (17/112) 13.41% (11/82) 20.00% (6/30) 0.387
PVD 27.43% (31/113) 26.51% (22/83) 30.00% (9/30) 0.812
Atrial fibrillation 39.06% (25/64) 40.00% (18/45) 36.84% (7/19) 1.000
CKD 66.67% (4/6) 50.00% (1/2) 75.00% (3/4) 1.000
Pulmonary hypertension

No 7.02% (4/57) 7.14% (3/42) 6.67% (1/15) 1.000
Trivial 0.00% (0/57) 0.00% (0/42) 0.00% (0/15) –
Mild 43.86% (25/57) 45.24% (19/42) 40.00% (6/15) 0.771
Moderate 35.09% (20/57) 35.71% (15/42) 33.33% (5/15) 1.000
Severe 14.04% (8/57) 11.90% (5/42) 20.00% (3/15) 0.422

NYHA Class
I 0.00% (0/82) 0.00% (0/62) 0.00% (0/20) –
II 3.66% (3/82) 1.61% (1/62) 10.00% (2/20) 0.146
III 31.71% (26/82) 35.48% (22/62) 20.00% (4/20) 0.272
IV 64.63% (53/82) 62.90% (39/62) 70.00% (14/20) 0.604
III/IV 96.34% (79/82) 98.39% (61/62) 90.00% (18/20) 0.146

STS mortality score
Mean ± SD(N) 18.77 ± 18.32 (95) 14.83 ± 14.33 (73) 31.82 ± 23.79 (22) 0.004
Median 12.70 10.70 23.74
Range (Min, Max) (1.74,93.00) (1.74,82.11) (6.13,93.00)

Creatinine (mg/dL)
Mean ± SD(N) 1.86 ± 1.51 (92) 1.66 ± 1.27 (72) 2.55 ± 2.07 (20) 0.080
Median 1.30 1.30 1.40
Range (Min, Max) (0.60,7.40) (0.60,7.25) (0.82,7.40)

GFR (mL/min/m2)
Mean ± SD(N) 47.55 ± 26.19 (49) 50.53 ± 25.47 (36) 39.31 ± 27.40 (13) 0.188
Median 50.00 50.50 40.00
Range (Min, Max) (5.00,89.00) (5.00,89.00) (6.00,80.00)

LVEF (%)
Mean ± SD(N) 27.14 ± 16.07 (103) 24.84 ± 15.10 (74) 33.00 ± 17.22 (29) 0.020
Median 22.00 20.00 30.00
Range (Min, Max) (10.00,79.00) (10.00,79.00) (10.00,70.00)

Aortic valve regurgitation
No 10.98% (9/82) 12.73% (7/55) 7.41% (2/27) 0.711
Trivial 30.49% (25/82) 32.73% (18/55) 25.93% (7/27) 0.615
Mild 40.24% (33/82) 40.00% (22/55) 40.74% (11/27) 1.000
Moderate 15.85% (13/82) 14.55% (8/55) 18.52% (5/27) 0.750
Severe 2.44% (2/82) 0.00% (0/55) 7.41% (2/27) 0.106

Mitral valve regurgitation
No 1.47% (1/68) 1.96% (1/51) 0.00% (0/17) 1.000
Trivial 8.82% (6/68) 11.76% (6/51) 0.00% (0/17) 0.325
Mild 32.35% (22/68) 33.33% (17/51) 29.41% (5/17) 1.000
Moderate 35.29% (24/68) 31.37% (16/51) 47.06% (8/17) 0.257
Severe 22.06% (15/68) 21.57% (11/51) 23.53% (4/17) 1.000

Peak AoV gradient
Mean ± SD(N) 62.57 ± 32.84 (78) 60.04 ± 28.38 (52) 67.64 ± 40.49 (26) 0.397
Median 54.40 54.40 54.40
Range (Min, Max) (6.00,170.00) (6.00,153.00) (13.70,170.00)

Mean AoV Gradient
Mean ± SD(N) 36.20 ± 19.73 (85) 35.83 ± 17.67 (58) 36.99 ± 23.94 (27) 0.802
Median 32.00 32.50 30.00
Range (Min, Max) (5.00,105.00) (5.00,95.00) (8.70,105.00)

AVA
Mean ± SD(N) 0.67 ± 0.29 (88) 0.66 ± 0.26 (60) 0.68 ± 0.36 (28) 0.795
Median 0.66 0.64 0.69
Range (Min, Max) (0.06,2.20) (0.06,1.61) (0.23,2.20)

Pts with PCI 41.59% (47/113) 41.46% (34/82) 41.94% (13/31) 1.000
Type of procedure

Elective 73.28% (85/116) 100.00% (85/85) 0.00% (0/31) b0.001
Emergent/Urgent 26.72% (31/116) 0.00% (0/85) 100.00% (31/31) b0.001
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valvuloplasty balloon was used when it was difficult to advance the
Impella through a horizontal ascending aorta. There were no cases
of Impella devicemalfunction throughout the procedures including spe-
cifically during BAV inflation. The placement of Impella devices con-
sistently led to a decrease in LVEDP and an increase in systolic and
diastolic blood pressures. Pre- and post-BAV hemodynamics are
shown in Supplementary Materials 3.

The elective and emergency groupswere similar except that patients
in the elective group more often had CAD (83.3% vs. 63.3%, p = 0.041)
and lower LV ejection fraction (24.8% vs. 33.0%, p = 0.020). The
emergency group had higher STS PROM (31.8% vs. 14.8%, p = 0.004).
Elective placement of Impella was associated with significantly higher
1-year survival compared to emergency placement (56% vs. 29.2%,
p = 0.003), primarily driven by higher early survival (Fig. 2). In
31.4% (n = 37) of patients BAV was performed as a bridge to SAVR
or TAVR, which was associated with significant 1-year survival
benefit compared to BAV as palliative therapy (90% vs. 28%, p b 0.001)
(Supplementary Materials 4 & 5). On multivariable analysis, a higher
STS PROM was found to be an independent predictor of mortality in
this population (p = 0.03, OR: 1.09, 95% CI: 1.005–1.19), whereas
bridge to definitive therapy predicted survival (p = 0.0047, OR: 0.02,
95% CI: 0.001–0.29) (Table 2). The overall survival at hospital discharge
and at 12months of follow-upwas 70.1% and 31.8% respectively. Safety
profile of the Impella devices in this patient population was favourable
with relatively low complication rates (Supplementary Materials 6). A
multivariate analysis to identify predictors of emergent Impella use
was precluded by the limited number of patients in the emergent
group.
4. Discussion

In this largest nationwide study of high risk patients with aortic ste-
nosis, we report feasibility and outcomes of BAV using hemodynamic
support with Impella. The patient population consisted primarily of pa-
tients with severe aortic stenosis and CAD, heart failure New York Heart
Association (NYHA) class IV, renal dysfunction, need for inotropic sup-
port, STS N 15% and LV ejection fraction b 30%, all well-knownpredictors
of unfavourable outcomes in patients undergoing BAV [9,10]. Our re-
sults indicate that elective placement of Impella before BAV ± PCI
followed by definitive therapy (TAVR or SAVR) is associated with better
outcomes compared to emergency placement andnobridge in these ex-
tremely high risk patients. The higher STS value in the group that had
the Impella placed emergently may suggest a higher mortality risk for
these patients. However, in our study the STS was calculated at the
time of Impella implant and the hemodynamic collapse prior to initia-
tion of hemodynamic support weigh considerably in the final risk
score calculation. Arguably the patients that had the Impella device
Fig. 2. Kaplan-Meier curve for freedom from death to 1 year — Elective vs. Emergent/
Urgent (bailout) for BAV patients.
placed prophylactically were sicker, had lower LVEF and more comor-
bidities. Nevertheless, other possible confounders not considered in
the present analysis could have influenced our findings.

Multivariate analysis also indicated higher LVEF as a possible predic-
tor of mortality (p = 0.05, OR: 1.09, 95% CI: 1.00–1.20). This is likely a
result of a confounder effect as patients with severe LV dysfunction
underwent elective placement of Impella, resulting in a systematic ex-
clusion of patients with severely reduced LVEF in the group of patients
who received Impella for emergent indications.

Interestingly, emergent placement of Impella during index
procedure was not independently associated with increased mortality
(p= 0.99, OR: 1.03, 95% CI: 0.10–9.89).We believe this is likely a result
of selection bias given that patients with severe LV dysfunction, recent
decompensated heart failure, elevated LVEDP and severe concomitant
CAD received elective Impella and as suchwere systematically excluded
from the emergent Impella group. Additionally, we believe thismay also
be a result of some confounding variables. Of note, we conducted anoth-
er multivariate analysis model excluding aim of BAV (which could have
had a confounding effect). In this model, elective use of Impella was as-
sociated with survival.

The 2011 American College of Cardiology/American Heart
Association/Society for Cardiovascular Angiography and Interventions
(ACC/AHA/SCAI) Guidelines for Percutaneous Coronary Intervention
recommend consideration of percutaneous hemodynamic support in
two clinical settings: a) as an adjunct to high-risk PCI (Class IIb) and
b) for cardiogenic shock in patients presenting with ST-elevation myo-
cardial infarction (Class Ib) [11]. While the use of Impella has been
well studied during high-risk PCI, its role in structural procedures such
as BAV and TAVR in high risk patients has not yet been studied. Elderly
patients with complex coronary and valvular heart disease along with
LV dysfunction do notmeet the strict eligibility criteria for clinical trials;
however, they have been recognized as an emerging population which,
if carefully selected,maybenefit from temporary hemodynamic support
during valve procedures [12].

The 2014 AHA/ACC guideline for management of patients
with valvular heart disease provided a Class IIb (level of evidence
C) recommendation to perform BAV as a bridge to definitive treatment.
This is primarily due to risk of serious acute complications and high re-
stenosis rates which occurswithin 6–12months of the procedure. How-
ever, despite the poor long term outcomes, BAV plays an important role
in management of patients who are not candidates for SAVR or TAVR at
the time of initial presentation. For example, in patients with severe AS
whopresentwith cardiogenic shock or pulmonary oedemaor acute cor-
onary syndromewith complex coronary disease and severe LV dysfunc-
tion, a BAV ± PCI may reduce the risk of undergoing subsequent SAVR
or TAVR. This group of patients has been previously reported to have a
grave prognosis with in-hospital mortality of up to 71% especially in
the presence of hemodynamic instability during the BAV ± PCI
[13–15]. From the National Heart, Lung, and Blood Institute's registry,
Otto et al. reported a 12-month survival after BAV procedure of 26% in
patients with severe LV dysfunction compared to 59% in patients with
mild LV dysfunction [9]. Similar poor survival rates in patients with
low ejection fraction have also been reported in smaller series [16,17].
Pederson et al. reported a 12-month survival of 29% post BAV in 16 pa-
tients with LV ejection fraction b20%. They also found that having CAD
was associated with no improvement of LV function [17]. In a single
centre study of 80 high-risk AS patients (20% in cardiogenic shock and
38% with ejection fraction b30%) who were declined surgery from
2000 to 2006 and underwent BAV, the one-, two- and three-year mor-
tality rates were 44%, 62% and 71% [18].

Recent data on BAV from the PARTNER trial (cohort B) in patients
who did not undergo TAVR or SAVR suggested that contrary to the pre-
vious belief, there is a survival benefit from BAV in the first three
months of the procedure and this dissipates at 6 months [1]. Our data
suggests that if temporary conditions prohibit TAVR or SAVR, a high-
risk BAV with Impella can be successfully performed as a bridge to

Image of Fig. 2


Table 2
Multivariate predictors of mortality. Text in bold indicates variables with a p value ≤ 0.05.

Variable Estimate Standard error Pr N Chi-square Odds ratio estimate Lower 95% confidence limit for odds ratio Upper 95% confidence limit for odds ratio

Age −0.0557 0.0482 0.2478 0.946 0.861 1.039
Gender 0.5857 1.1650 0.6151 1.796 0.183 17.620
CAD -0.8262 1.2603 0.5121 0.438 0.037 5.175
LVEF 0.0937 0.0480 0.0510 1.098 1.000 1.207
STS mortality 0.0896 0.0431 0.0377 1.094 1.005 1.190
Mean AoV gradient −0.0502 0.0350 0.1519 0.951 0.888 1.019
Emergent/Urgent 0.0326 1.1530 0.9774 1.033 0.108 9.899
Bridged to TAVR −3.9697 1.4053 0.0047 0.019 0.001 0.297
BAV + PCI -0.6753 1.0385 0.5156 0.509 0.066 3.897
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definitive therapy after BAV with significant survival benefit in the
highest risk AS patients. In a study of 262 patients who underwent
301 BAV procedures, Ben-Dor et al. reported 50% mortality at a median
follow-up of 181 days. They also reported better outcomes in patients
who were bridged to TAVR or SAVR compared to those who were not;
mortality rate 25% versus 52.9% respectively (p b 0.0001). It must how-
ever be noted that our study population is significantly different from
the study of Ben-Dor et al. Despite significantly heavier burden of co-
morbidities in our patient population; lower ejection fraction, higher
STS PROM, higher percentage of patients with CAD and NYHA class IV,
poorer renal function, we report 75%mortality at 12 months in patients
who were not bridged and only 11% mortality when patients were
bridged to TAVR or SAVR.

The role of intra-aortic balloon pump (IABP) in the management of
patients with AS who present with cardiogenic shock was reported in
a single centre study (n = 25). Aksoy et al. reported a significant in-
crease in the cardiac index and reduction in systemic vascular resistance
and central venous pressures however only 4 patients underwent BAV
in this series and in hospital mortality was 44%. The utility of IABP is
often limited due to inability to unload the left ventricular in presence
of fixed AS or concomitant AI and its only modest capacity to augment
cardiac output.

There are several commercially available percutaneous left ven-
tricular support platforms. The CARDIOHELP System (©MAQUET
Cardiopulmonary AG, Rastatt, Germany) is a portable extracorporeal
cardiopulmonary support which provides veno-venous or veno-
arterial support for up to 6 h and is used for emergency patient transport
via ground or air. Arterial and venous cannulas are inserted percutane-
ously and are available in several outside diameters (15 Fr to 29 Fr)
depending upon circulatory requirement. The system has been success-
fully implanted in a wide array of clinical settings, including as a bridge-
to-recovery in patients presenting with out-of-hospital refractory car-
diogenic shock [19]. The use of emergency veno-arterial extracorporeal
cardiopulmonary support has been described in a small series of AS pa-
tients (n= 4) with hemodynamic instability or cardiogenic shock with
poor outcomes in terms of mortality and complications, with 3 out of
4 patients died in the hospital [20].

The use of TandemHeart and Impella during BAV±PCI has also been
previously described in case reports or series from single centres [4–8,
21,22]. The TandemHeart (CardiacAssist, Inc., Pittsburgh, PA) is a left
atrial-femoral bypass centrifugal pump insertedpercutaneously capable
of providing up to 4.5 L/min of cardiac output. This system uses a 21 Fr
inflow cannula inserted into the left atrium via trans-septal puncture
and a 15–17 Fr outflow cannula into the femoral artery. Tanaka et al. re-
ported their experience with TandemHeart assisted BAV in 7 patients
(not in cardiogenic shock) with 100% survival at 30 days [5].

Abiomed offers a variety of catheter choices (Impella 2.5, CP, 5.0, LD)
providing left ventricular assist in both the catheterization laboratory
and operating room. Impella 2.5 and CP require a single percutaneous
arterial cannulation while the 5.0 and LD platforms require surgical ar-
terial cut-down and direct aortic access respectively. This is the simplest
and smallest of all the available systems and uses a 13-Fr femoral arte-
rial sheath, a 9-Fr shaft in the arterial system, and a 12-Fr cannula across
the aortic valve. Patients in the present study underwent Impella 2.5 or
Impella CP placement. Overall there was no difference between the two
devices, although there was a trend toward higher survival in the emer-
gent groupwhen Impella CPwas used (59% vs. 25%, p=0.09). Although
the numbers are small tomake any definitive conclusions, it is expected
that during hemodynamic collapse themore potent hemodynamic sup-
port provided by Impella CP may have a more significant impact in re-
storing hemodynamic status.

Impella has been used successfully in the setting of severe AS despite
theoretical concerns regarding compromise of the small residual valvu-
lar orifice and worsening hemodynamics after crossing a severely ste-
notic aortic valve with the Impella sheath. Martinez et al. reported
their experience with the use of Impella in patients with AS (n = 21)
and severe LV dysfunction (mean EF: 22 ± 11.6%) of which 8 patients
had BAV+ PCI and 7 had BAV only [4]. Some important hemodynamic
observationswere noted in their study. There was a consistent decrease
in LVEDPwhich theoretically decreased themyocardial oxygen demand
and therewas an increase in systemic arterial pressurewhich supported
coronary perfusion. Impella was placed electively in these patients who
were at the highest risk of hypotension and hemodynamic decompen-
sation during or soon after rapid ventricular pacing. A remarkably
rapid recovery of systemic arterial pressurewas noted after termination
of rapid pacing in all patients supported with Impella [4]. They reported
a 30 day mortality of 14.2% however no long term outcomes especially
in terms of definitive treatment were reported in that single centre
study.

Our study has limitations that are inherent to any retrospective anal-
ysis. Hemodynamic and echocardiographic datawere not available in all
patients. A variety of hemodynamic events surrounded each individual
patient, requiring on occasions intra-procedural treatment with fluid or
vasoactive agents, and these could have affected the hemodynamic pa-
rameters. Hemodynamic measurements at every step of the procedure
were not consistently obtained for all patients. While acknowledging
these limitations, the present study has important strengths that in-
clude: (1) reporting outcomes on a large unrestricted sample size,
(2) informing how these devices are being used in the real-world, and
(3) documents the utility of hemodynamic support in this patient pop-
ulation. Overall, we believe that our study supports the hypothesis that
the use of the Impella, either to prevent hemodynamic collapse or to re-
store hemodynamics to a viable status, enabled these patients to be
bridged to a more definitive strategy for which they would not have
been candidates otherwise.
5. Conclusion

This largest series of high-risk patients with AS and severe LV dys-
function demonstrates feasibility and suggests promising long term
outcomes with the elective (rather than emergent) placement of
Impella during BAV performedwith the intention to bridge the patients
to a definitive therapy (TAVR or SAVR). Prophylactic Impella support
should be attempted in selected patients with severe aortic stenosis
and left ventricular dysfunction undergoing BAV.
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