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Abstract

Aims We aimed to detail the early clinical experience with pVAD 5.5 at a large academic medical centre. Impella® 5.5
(Abiomed) is a temporary peripherally inserted left ventricular assist device (pVAD) used for the treatment of cardiogenic
shock (CS). This system has several modifications aimed at improving deliverability and durability over the pVAD 5.0 system,
but real-world experience with this device remains limited.

Methods and results We collected clinical and outcome data on all patients supported with pVAD 5.5 at our centre between
February and December 2020, including procedural and device-related complications. Fourteen patients with pVAD 5.5 were
included. Aetiology of CS was acute myocardial infarction (n = 6), decompensated heart failure (n = 6), suspected myocarditis
(n = 1), and post-cardiotomy CS (n = 1). Four patients received pVAD 5.5 after being on inotropes alone, two were escalated
from intra-aortic balloon pump, two were escalated from pVAD CP, and six patients were transitioned to pVAD 5.5 from ex-
tracorporeal membrane oxygenation. Median duration of pVAD 5.5 support was 12 (interquartile range 7, 25) days. Compli-
cations included axillary insertion site haematoma (n = 3), acute kidney injury (n = 3), severe thrombocytopenia (n = 1), and
stroke (n = 1). No valve injury or limb complications occurred. Survival to device explant for recovery or transition to another
therapy was 11/14 (79%) patients.

Conclusions In this early experience of the pVAD 5.5, procedural and device-related complications were observed but were
manageable, and overall survival was high in this critically ill cohort, particularly when the device was used as a bridge to other
therapies.
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Introduction

The Impella® 5.5 (Abiomed, Danvers, MA) percutaneous
temporary left ventricular assist device (pVAD 5.5) received
Food and Drug Administration pre-market approval in
September 2019. The therapeutic concept of percutaneous
trans-aortic temporary LVAD is left ventricular (LV) unloading
to reduce myocardial workload and oxygen consumption to
allow for cardiac recovery or to provide a bridge strategy to
further advanced therapies. The pVAD 5.5 is intended for
short-term use in the treatment of cardiogenic shock (CS)
and can provide a peak flow rate of 6 L/min. This axial flow

pump is placed surgically via the axillary artery and has a more
compact design and provides higher peak flow rates than the
pVAD 5.0. Further design improvements include an overall
shorter rigid length of motor and outlet and lack of a pigtail
at the catheter tip. These modifications were designed to im-
prove catheter manoeuvrability from the axillary approach
and reduce the risk of cannula kinking and tethering in the
LV cavity.

In a report of initial clinical outcomes for pVAD 5.5,
survival on device support was excellent in a critically ill co-
hort and complications were rare.?> Mechanistic data suggest
a more favourable haemocompatibility profile for the pVAD
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5.5 as compared with a centrifugal cardiac assist system, with
reduced haemolysis and platelet activation.®> Furthermore,
early data suggest that the more recently available pVAD
5.0 devices reduce haematologic complications.*

However, the clinical experience with this novel device is
limited. Here, we report our clinical real-world experience
with pVAD 5.5 at Columbia University Irving Medical Center,
a tertiary medical centre with a large CS and mechanical
circulatory support programme.

Methods

All patients who were supported with pVAD 5.5 at our centre
between February 2020 and December 2020 were included in
the study. Clinical and outcome data were obtained from ret-
rospective review of electronic medical records. All patients
had the first-generation pVAD 5.5 implanted. At our institu-
tion, the pVAD 5.5 is placed using a transthoracic technique.
A vascular graft is anastomosed to the right axillary artery. A
vascular sheath is then inserted into the graft. The pVAD 5.5
is advanced over a guidewire into the left ventricle. Place-
ment is confirmed with fluoroscopy and transoesophageal
echocardiography guidance prior to starting the pVAD. Dur-
ing the procedure, heparin is administered to maintain the
activated clotting time >220 s, and subsequently, a heparin
drip is administered to maintain partial thromboplastin time
at 60-80 s.

The following device-related complications were analysed:
haemolysis, thrombocytopenia, cerebrovascular accident,
aortic valve injury, limb ischaemia, vascular complications,
acute kidney injury (AKl), and bleeding. Haemolysis was de-
fined as new low or undetectable haptoglobin level after
pVAD 5.5 placement in patients with decreasing haemoglobin
with no other more likely cause for anaemia (such as
haematoma, immediately post-operatively) and laboratory
values in conjunction with haemolysis (elevation in reticulo-
cytes, lactate dehydrogenase, and unconjugated bilirubin).
Severe thrombocytopenia was defined as platelets < 50 000/
puL after pVAD placement. Vascular complications were
defined according to the Valve Academic Research
Consortium-2 criteria,® AKI according to the Kidney Disease
Improving Global Outcomes criteria,® and bleeding complica-
tions according to the Bleeding Academic Research criteria.’
All patients were followed until device explantation for recov-
ery, death, or transition to durable LVAD or heart transplanta-
tion. This study was approved by the Columbia University
Irving Medical Center Institutional Review Board. Descriptive
statistics are presented as mean * standard deviation for con-
tinuous variables and counts with percentages for categorical
variables. If continuous variables were not normally distrib-
uted, data are presented as median and interquartile range

(IQR). The investigation conforms with the principles outlined
in the Declaration of Helsinki.

Results

Baseline characteristics and transition to
pVAD 5.5

Between February and December 2020, 14 patients with
pVAD 5.5 were identified (synopsis, Figure 1). The median
age was 60 (IQR 53-68) years, and 10 (71%) patients were
male. All patients had an LV ejection fraction < 30% (haemo-
dynamic data, Table ). Eight (57%) patients had at least
moderate right ventricular dysfunction by transthoracic
echocardiography (Supporting Information, Table SI). The
aetiology of CS was acute myocardial infarction in seven
(50%) cases, decompensated chronic heart failure (HF) in
five (36%) cases, suspected acute myocarditis in one (7%)
case, and post-cardiotomy CS in one (7%) case. Two patients
in CS (14%) had the pVAD 5.5 placed for ventricular support
during high-risk percutaneous coronary intervention, and in
one of these patients, the device was removed the
following day. Four (29%) patients were transitioned to
pVAD 5.5 from inotropes alone, two (14%) from
intra-aortic balloon pump (IABP), and two (14%) from
Impella® CP percutaneous LVAD. Six (43%) patients
were transitioned to pVAD 5.5 as a de-escalation from
veno-arterial  extracorporeal membrane  oxygenation
(VA-ECMO). In Patient 11, the Impella 5.5 was maintained
in place after transition to VA-ECMO for LV unloading. Me-
dian duration of pVAD 5.5 support was 12 days (IQR 7-25)
(case synopsis, Table 2).

Patient outcomes

Survival to device explant for recovery or transition to
another advanced therapy was 12/14 (86%) (Figure 1, time-
line). Two patients died of refractory CS while on pVAD 5.5
support, and one died shortly after pVAD 5.5 explantation
following a stroke. Of the survivors to hospital discharge,
one patient required escalation to surgically implantable
biventricular support for refractory ventricular arrhythmias
(followed by orthotopic heart transplantation), one re-
quired escalation to VA-ECMO and then surgically im-
plantable biventricular support for refractory ventricular
arrhythmias (followed by orthotopic heart transplantation),
four patients were bridged to durable LVAD, two were
bridged to heart transplantation, and three achieved ven-
tricular recovery.
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Figure 1 Timeline and ev
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Table 1 Haemodynamics pre- and post-pVAD 5.5 placement
Patient CVP (mmHg) PAP (mmHg) PCWP (mmHg) PA sat (%) Cl (L/min/mz)
1 Pre 22 78/34 (55) 41 1.4
Post 4 33/14 (15) 16 61 2.7
2 Pre 16 65/33 35 31 1.2
Post 5 23/11 (13) 66.6 3.4 (with VAD)
3 Pre 10 41/25 (32) 27 50 1.6
Post 6 41/16 (25) 50.4 2.3
4 Pre 10 30/21 (25) 20 46.6 2.3 (on pVAD CP)
Post 26 (mean) 20 60
5 Pre 28 75/33 (49) 27 32 1.16
Post 13 53/26 (36) 20 62 2.2
6 Pre
Post 8 25/12 (17) 64
7 Pre 23 28/19 (24) 22 44 0.9
Post 10 39/18 (25) 2.3
8 Pre 32/16
Post 8 59 2.5
9 Pre 8 64/31 40 3.1
Post 2 33/11 12 71
10 Pre 13 74/24 (52) 31 39.5 1.0
Post 1 45/11 (21) 11
11 Pre 6 30/20 (25) 22 70 1.95
Post 11 19/15 (16) 80.5
12 Pre 43/30 31
Post 12 24/5 (15) 10 61 2.74
13 Pre 32 61/45 (53) 45 40 1.2
Post 23 59/36 (44) 57.7
14 Pre 8 51/24 (38) 18 60 2.5
Post 11 41/22 (29) 60 2.2
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Table 2 Case synopsis
Time on
Patient Age Sex HF aetiology CPR Indication for pVAD 5.5 placement support (days) Outcome
1 67 M ICM No pVAD-assisted high-risk PCl 1 Recovery
2 55 M ICM No pVAD-assisted high-risk PCI 7 LVAD
3 68 M ICM Yes Cardiogenic shock in the setting of 30 Deceased
delayed presentation anterior
myocardial infarction
4 73 M ICM No Post-CABG cardiogenic shock, 13 LVAD
refractory to pVAD CP
5 53 M ICM No Bridge from VA-ECMO to LVAD in 28 LVAD
the setting of cardiogenic shock
6 54 M ICM No Bridge to CABG after STEMI 8 OHT
7 58 M ICM Yes Transition off VA-ECMO after STEMI 7 Deceased
8 62 F ICM No Post-CABG cardiogenic shock, 10 Deceased
transition off VA-ECMO
9 32 F NICM No Bridge to transplant for cardiogenic shock 39 OHT
in the setting of possible influenza myocarditis
10 48 M NICM No Bridge to transplant 29 OHT
11 69 F Giant cell No Cardiogenic shock due to myocarditis 10 OHT
myocarditis Left ventricular unloading while on VA-ECMO
12 63 F ICM No Bridge to recovery after STEMI 15 Recovery
13 30 M NICM No Bridge to LVAD for refractory cardiogenic shock 3 LVAD
14 73 M ICM No Bridge to recovery from VA-ECMO after NSTEMI 17 Recovery

IABP, intra-aortic balloon pump; ICM, ischaemic cardiomyopathy; NICM, non-ischaemic cardiomyopathy; NSTEMI, non-ST-elevation myo-
cardial infarction; OHT, orthotopic heart transplantation; PCl, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarc-
tion; VAD, ventricular assist device; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

Complication rates and management

Seven patients (50%) experienced at least one form of
likely device-related complications (Figure ). One patient
had severe thrombocytopenia, three developed axillary
haematomas, three had AKI, and one had a cardioembolic
stroke with possible haemorrhagic conversion (Supporting
Information, Table S2). Aortic valve injury, distal limb
ischaemia, or other vascular complications did not occur. Of
note, while haemolysis was suspected clinically in four
patients, laboratory values were either inconclusive or
haemolysis could not be unequivocally linked to the pVAD
device (e.g. patients had low haptoglobin before pVAD 5.5
implant). Among the patients who developed axillary
haematomas, one required bedside exploration with place-
ment of additional sutures and two required exploration in
the operating room. Two patients experienced complications
requiring revision of pVAD 5.5 placement: in Patient 2, the
pVAD 5.5 was entangled in the mitral subvalvular apparatus
at the time of device placement and required removal and
replacement. In Patient 13, the pVAD 5.5 migrated into the
ascending aorta while in the intensive care unit and the pa-
tient developed a large and expanding axillary haematoma,
necessitating device removal. The device was not replaced
due to haemodynamic stability. Both of these patients were
eventually discharged with durable LVAD (Figure 1). Regard-
ing three cases of AKI, one patient required transient contin-
uous veno-venous haemofiltration after pVAD placement due

to anuria (Patient 7), one patient meet AKI criteria as per
outside hospital (OSH) records (Patient 11), and one patient
met KDIGO criteria by a transient rise in Cr after pVAD
placement (Patient 14). Renal function in Patients 11 and
14 recovered, while Patient 7 died of refractory CS and
was not a candidate for durable mechanical circulatory
support or transplant. Our dataset is limited regarding the
characterization of changes in haemodynamic parameters
pre- vs. post-Impella 5.5 placement: while for some patients,
haemodynamics (central venous pressure (CVP), pulmonary
artery pressure (PAP), pulmonary capillary wedge pressure
(PCWP), and pulmonary artery (PA) sat%) improved after
device placement, we were unable to obtain these parameters
for all patients in the cohort, mostly due to Impella 5.5 having
been placed at outside hospitals and patients then having
been transferred to our centre for further management.

Conclusions

In this case series, we describe the outcomes of pVAD 5.5
used for the management of CS at our tertiary care centre.
More than 75% of the patients were successfully bridged to
another advanced HF therapy (surgical LVAD, durable LVAD,
or heart transplantation) or recovery. While complications
occurred, most could be managed, and the most common
serious complication was the development of pVAD site
haematoma requiring surgical exploration. Two devices had
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to be removed for procedural complications. Strokes occurred
at a low rate, in only one patient in our cohort. None of the
pVAD devices had to be removed due to concern for
haemolysis.

Formal indications for the use of pVAD 5.5 are the treat-
ment of ongoing CS caused by acute myocardial infarction,
cardiac surgery, or cardiomyopathy, in patients with isolated
LV failure that fails to respond to conventional therapies
(i.e. pressors, inotropes, and IABP). pVAD has also been used
as a de-escalation strategy from VA-ECMO towards durable
LVAD or transplant, attempting to reduce complication rates
and mobilize the patient.® Almost half of the patients in our
cohort were de-escalated from VA-ECMO to pVAD 5.5, with
overall favourable outcomes.

Known adverse events of pVAD devices are AKI, bleeding,
cardioembolic events such as strokes, vascular and limb
complications, haemolysis, and thrombocytopenia due to
mechanical shearing, and aortic valve injury, among
others.”'® A major access site complication rate of 7-15%
has been reported.'* Of note, the incidence of complica-
tions varies widely in the literature, likely due to differing
experience with pVAD implantation and management
across centres. Other case series report very low overall
complication rates.? In previous versions of pVAD, design
revisions, generally with larger French sizes and higher out-
put, had favourable complication profiles compared with
prior versions.*?> Overall, in our cohort, the complication
rate was reasonably low, with access site haematomas and
kidney injury being the most common adverse events. Vas-
cular complications at the axillary insertion site occurred in
three patients, requiring device removal in one patient due
to an expanding axillary haematoma. In our experience, it
has been quite rare to have significant haemolysis with
PVAD 5.5.

In a recent study, Nersesian et al. report outcomes of
patients supported with Impella 5 (63 patients) and 5.5
(seven patients) and concluded that in this cohort, an in-
creased lactate level and cardiopulmonary resuscitation
(CPR) before pVAD deployment were predictors of 30 days
of survival.® In our cohort, only two patients were resusci-
tated before device placement, both patients presented with
ST-elevation myocardial infarction, and both died after 7 and
30 days on Impella support, respectively. Of note, none of the
patients in our cohort had elevated lactate levels at device
implant, likely due to other mechanical circulatory support
having been in place before pVAD 5.5 (mostly Impella CP or
ECMO).

The maximum time on pVAD 5.5 indicated by the
manufacturer is <14 days.'® In clinical practice, while the
experience with this most recent version of percutaneous
temporary VADs remains limited, pVAD 5.0 and 5.5
have been reliably used for longer periods, with device

malfunction occurring very rarely.>*® In particular, in pa-
tients where the device is deployed as a bridge to transplant
or to durable LVAD, support times of well over 30 days have
been reported.? Similarly, in our cohort, the device remained
in place for around 30 days in four patients with favourable
outcomes. This strategy has been established with previous
PVAD versions, with overall excellent outcomes.*® Therefore,
axillary pVAD 5.5 placement, allowing for early mobilization
and tailored therapy with titratable support, appears to be a
feasible strategy for patients requiring a bridge to advanced
HF therapy.!’

This case series analysis summarizes the real-world experi-
ence with the new pVAD 5.5 percutaneous LVAD at a large
tertiary care centre. In this early experience, procedural and
device-related complications were observed but were man-
ageable, and overall survival was high in this critically ill co-
hort, particularly when the device was used as a bridge to
other therapies. Notwithstanding the need for surgical
implantation, this redesigned trans-aortic temporary LVAD
may become an increasingly important tool in the CS arma-
mentarium as a bridge to recovery or definitive therapy in
these critically ill patients.

Conflict of interest

D.K. reports honoraria from Boston Scientific and Abbott
Vascular. D.K. holds equity from Saranas, Soundbite, and
Traverse Vascular. AJ.K. reports institutional funding to
Columbia University and/or Cardiovascular Research
Foundation from Medtronic, Boston Scientific, Abbott
Vascular, Abiomed, CSI, CathWorks, Siemens, Philips, and
ReCor Medical. In addition to research grants, institutional
funding includes fees paid to Columbia University and/or
Cardiovascular Research Foundation for speaking engage-
ments and/or consulting; personal: consulting: Neurotronic;
and travel expenses/meals from Medtronic, Boston Scientific,
Abbott Vascular, Abiomed, CSI, CathWorks, Siemens, Philips,
ReCor Medical, Chiesi, OpSens, Zoll, and Regeneron. A.M.
reports honoraria from Abiomed.

Supporting information
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Supporting Information section at the end of the article.

Table S1. Echocardiographic parameters before and after
Impella 5.5 Implant.

Table S2. Laboratory values before and after Impella 5.5
Implant.
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