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Abstract

Aims We sought to investigate the outcomes of heart transplant patients supported with Impella 5.5 temporary mechanical
circulatory support.
Methods and results Patient demographics, perioperative data, hospital timeline, and haemodynamic parameters were
followed during initial admission, Impella support, and post-transplant period. Vasoactive-inotropic score, primary graft fail-
ure, and complications were recorded. Between March 2020 and March 2021, 16 advanced heart failure patients underwent
Impella 5.5 temporary left ventricular assist device support through axillary approach. Subsequently, all these patients had
heart transplantation. All patients were either ambulatory or chair bound during their temporary mechanical circulatory sup-
port until heart transplantation. Patients were kept on Impella support median of 19 days (3–31) with the median lactate de-
hydrogenase level of 220 (149–430). All Impella devices were removed during heart transplantation. During Impella support,
patients had improved renal function with median creatinine serum level of 1.55 mg/dL decreased to 1.25 (P = 0.007), pulmo-
nary artery pulsatility index scores increased from 2.56 (0.86–10) to 4.2 (1.3–10) (P = 0.048), and right ventricular function
improved (P = 0.003). Patients maintained improved renal function and favourable haemodynamics after their heart transplan-
tation as well. All patients survived without any significant morbidity after their heart transplantation.
Conclusions Impella 5.5 temporary left ventricular assist device optimizes care of heart transplant recipients providing
superior haemodynamic support, mobility, improved renal function, pulmonary haemodynamics, and right ventricular
function. Utilizing Impella 5.5 as a direct bridging strategy to heart transplantation resulted in excellent outcomes.
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Introduction

Heart transplantation (HTx) remains the sole effective ther-
apy for selected patients with advanced heart failure (HF) re-
fractory to medical therapy, with excellent short- and long-
term outcomes of an estimated survival at 1 and 10 years
of 85% and 50%, respectively.1 Donor organ shortage leading
to a deterioration of patients on the transplant waiting list
has led to the emergence of the concept of bridging with
mechanical circulatory support (MCS) to stabilize the patients
and improve their quality of life while waiting for donor

hearts. From 2009 to 2016, 42.9% of patients were bridged
with MCS prior to HTx compared with 39.8% on inotropes.2

The last two decades saw a forward leap in the develop-
ment of MCS and the left ventricular assist devices (LVADs),
whether in the duration of support (durable vs. temporary)
or in the implemented strategy as a bridge to transplant,
decision, recovery, or destination therapy. One of the remark-
able advancements in the technology was the introduction of
the miniaturized catheter-based LVADs, namely, the Impella®
(Abiomed, Danvers, MA, USA). The Impella micropumps
are a group of miniaturized catheter-based LVADs, inserted
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percutaneously or surgically into the left ventricle (LV) across
the aortic valve. First approved in the United States by the
Food and Drug Administration (FDA) in 2008 (the Impella
2.5), different models were put in use later (Impella CP, LD,
5.0, and 5.5). The most common indications for implanting
the device are the treatment of acute cardiogenic shock
due to acute myocardial infarction or acute cardiomyopathy,
post-cardiotomy circulatory support and to provide left
ventricular support during high-risk percutaneous coronary
intervention (PCI).3,4

The Impella also has a role in advanced HF therapy. Impella
5.0/LD was reported to be used as a bridge to durable
LVAD5–7 or as a bridge to decision vs. transplant.6,8,9 In this
article, we present our experience with the newly approved
Impella 5.5 for clinical use as a direct bridge to transplant, in-
vestigating the potential haemodynamic benefits, the dura-
tion of the hospital course, and the observed complications.

Methods

Data source

The study was approved by the Mayo Clinic Institutional
Review Board (IRB# 20-010592) with a waiver for patient
consent. Data were collected through our electronic medical
record (EMR) chart review.

Statistical analysis

The analysis was performed using the SPSS Statistics Version
22.0 (IBM Corp, Armonk, NY, USA). The continuous variables
were reported as median (minimum–maximum) values,
whereas the categorical variables were reported as frequency
(percentage). Due to the low number of the study cohort, a
non-parametric related samples median test (Wilcoxon’s
signed rank-sum test) was used to compare medians. A
P value < 0.05 was considered statistically significant.

Study population

Adult patients (≥18 years) on the heart transplant waiting list
(or deemed eligible to be listed) who were bridged with
Impella 5.5 as a direct bridge to transplant between 1 March
2020 and 31 March 2021 were included. Patients who re-
quired multi-organ transplants were excluded.

The device and operative details

The Impella 5.5 is a catheter-based micro-axial continuous-
flow LVAD, approved by the FDA in 2019. Insertion requires

a surgical cutdown in the axillary or the femoral artery, sew-
ing an 8 mm vascular graft into the artery, and passing the
catheter into the LV through the aortic valve under fluoro-
scopic and echocardiographic guidance. The device provides
flows up to 5.5 L/min by continuously draining blood from
the LV and ejecting it into the ascending aorta. The Impella
unloads the LV, decreases myocardial oxygen demand, and
increases the mean arterial pressure and cardiac output, thus
improving the coronary flow and distal organ perfusion. In
addition, the Impella decreases the pulmonary wedge
pressure with a secondary reduction in the right ventricular
(RV) afterload.

Device explantation at the time of transplant can be done
by exploring the axillary cutdown, pushing the Impella cathe-
ter into the LV to avoid cross-clamping the catheter, and then
cutting the catheter with an explanted heart. The remaining
Impella chord can be retrieved later through the graft, which
is then clamped, obliterated with metallic clips, and sewed
with poly-propylene suture.

Patient selection, characteristics, variables, and
outcomes

Patients with INTERMACS profiles 1–3 were selected for the
device insertion, provided no contraindication such as previ-
ous mechanical aortic valve implantation, LV thrombus, ar-
rhythmic storm, or axillary artery diameter< 5.5 mm. Sixteen
patients were included in the study from 1 March 2020 to 31
March 2021. Patient characteristics such as age, gender, and
causes of HF were recorded. Survival until HTx and 30 days,
90 days, and 1 year post-transplant outcomes were noted.
During this study period, all patients who underwent axillary
Impella 5.5 insertion survived to HTx. The hospital timeline
was evaluated as days in hospital prior to Impella insertion,
days of support on Impella until HTx, post-transplant inten-
sive care unit (ICU) stay, time till extubation post-transplant,
and total hospital stay. The functional status of the patients
during the Impella support, after discharge, and the need
for additional MCS during hospital stay were observed.
Variables were grouped as follows. (i) Biochemical markers
included creatinine, glomerular filtration rate (GFR), lactate,
total bilirubin, and haemolysis indicators as lactate dehydro-
genase (LDH) (highest and lowest recorded values during
Impella support), haemoglobin, and platelet count (lowest re-
corded during Impella support). Blood products were utilized
and anticoagulation was also recorded. (ii) Haemodynamic
parameters included pulmonary artery pressure (PAP), pul-
monary capillary wedge pressure (PCWP), right atrial (RA)
pressure, pulmonary artery pulsatility index (PAPI), pulmo-
nary vascular resistance (PVR), and RV function. Pressor re-
quirements were quantified using the vasoactive-inotropic
score (VIS) (1–10 minimal requirements, 11–30 moderate re-
quirements, and >30 high requirements). Complications
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were categorized as post-Impella and post-transplant
complications.

Results

Patients’ characteristics and hospital timeline

Patients’ characteristics and hospital timeline are presented
in Table 1. Sixteen patients were supported with Impella
5.5 with the intent of bridge to transplant. Ten patients
(62.5%) were listed for transplantation before the Impella im-
plant, whereas six patients (37.5%) were listed afterwards.
Two patients (12%) were supported with additional MCS
pre-Impella, one (6%) with intra-aortic balloon pump (IABP)
and one (6%) with Impella CP. Two patients (12%) needed
an additional MCS during or after Impella insertion. One pa-
tient (6%) needed a veno-arterial extracorporeal membrane
oxygenator (VA-ECMO); this was a planned ECPELLA due to
severe biventricular HF and metabolic cardiogenic shock; he
was managed on ECPELLA support and upgraded United Net-
work for Organ Sharing (UNOS) listing to Status 1 until his
transplant. The other patient (6%) needed an RV assist device
(RVAD) due to RV failure with Protek Duo and was main-
tained on both Impella and RVAD support until transplanta-
tion. Fourteen patients (88%) had a full ambulatory status
during the Impella support, whereas two patients (12%) were
chair bound. After discharge, 14 patients (88%) were able to
go home, and 2 patients (12%) were discharged to rehab.

Operative details

Operative details are presented in Table 2. All patients had
their Impella implanted through right axillary cutdown, with
an 8 mm diameter 30 cm long woven Gelweave graft sewn
to the axillary artery. During the HTx, 15 patients (94%) had
their Impella cut with an explanted heart after pushing it into
the LV while the Impella chord was pulled later on through
the axillary graft, and 1 patient (6%) has his Impella removed
through the axillary graft. All patients had their axillary graft
surgically obliterated during HTx.

The median time for donor heart ischaemia was 223.5 (41–
225) min, one patient (6%) received a donation after circula-
tory death (DCD) heart donor with an Organ Care System
(OCS), and the rest of the recipients received their hearts
(94%) from brain-dead donors (BDDs).

Biochemical markers, haemolysis indicators,
blood product utilization, and anticoagulation

Biochemical markers, haemolysis indicators, blood product
utilization, and anticoagulation are presented in Tables 3
and 4. Eight patients (50%) required blood transfusion during
Impella support. All patients received both purge and sys-
temic anticoagulation, 12 patients (75%) were anticoagulated
with heparin, whereas 4 patients (25%) received bivalirudin.
One patient (6%) received tissue plasminogen activator
(tPA) for high purge pressures due to possible pump throm-
bosis, which was resolved after the second tPA administra-
tion without requiring pump exchange (Table 4).

Haemodynamics, pressor requirements, and
Impella parameters

Haemodynamics, pressor requirements, and Impella parame-
ters are presented in Table 5. Results were reported
during each therapy phase. Cardiac indices post-Impella
and post-transplant were 2.7 L/min/m2 (2.1–3.7) and 3.1
L/min/m2 (2.4–4.4), respectively. RV dysfunction was scaled
from normal (1) to severe (4), recorded for pre-Impella and
post-Impella therapy, and significant improvement in mean
RV function is noted (Figure 1). We did not compare other

Table 1 Patient characteristics and hospital timeline

Parameter
N = 16

Median (range)
n (%)

Age 57.5 (31–73)
Male gender 14 (88%)
Cause of heart failure NIDCM (10, 62.5%)

IDCM (5, 31.3%)
Restrictive cardiomyopathy
(1, 6.3%)

Impella support (days) 19 (3–31)
Days in hospital pre-Impella 7 (1–40)
Hospital stay (days) 42.5 (16–70)
ICU stay after HTx (h) 96 (48–181)
Extubation after HTx (h) 14.5 (6–24)
Functional status during Impella
support

Ambulatory, 14 (88%)
Chair bound, 2 (12%)

Patient disposition after
discharge

Home or self-care, 14
(88%)
Rehab, 2 (12%)

TMCS pre-Impella
N = 2

IABP, 1 (6%)
Impella CP, 1 (6%)

TMCS during Impella support
N = 2

VA-ECMO, 1 (6%)
Protek Duo, 1 (6%)

HTx, heart transplantation; IABP, intra-aortic balloon pump; ICU,
intensive care unit; IDCM, ischaemic dilated cardiomyopathy;
NIDCM, non-ischaemic dilated cardiomyopathy; TMCS, temporary
mechanical circulatory support; VA-ECMO, veno-arterial extracor-
poreal membrane oxygenator.

Table 2 Operative details

N (%)
Median (range)

Method of Impella removal Cut with the heart,
15 (94%)

Axillary wound exploration 16 (100%)
Donor heart ischaemic time (min) 223.5 (41–255)
Pump time (min) 170.5 (124–258)
Prior sternotomy 4 (25%)
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echocardiographic parameters like RV ejection fraction or tri-
cuspid annular plane systolic excursion (TAPSE) to assess RV
function due to a lack of data and limited echo views after
Impella placement, but visual RV function assessment was
collected and graded.

Pressor requirements were quantified using the VIS; values
0–10 are quantified as minimal, 11–30 as moderate, and >30

as high pressor requirements. Fifteen patients (94%) required
pressors pre-Impella with a median VIS of 5 (2.5–17.5),
whereas 14 patients (88%) required pressors post-Impella with
VIS of 5 (2.5–10) (P = 0.064). After transplant, all patients
required pressors with VIS at 24 h of 5 (2–9) and at 72 h of 4
(1–6) (P = 0.03). Themedian Impella flowduring the support pe-
riod was 3.85 L/min (2.1–4.6), whereas the power was 6 (4–8).

Table 3 Biochemical markers

Marker
Pre-Impella

Median (range)
Post-Impella
Median (range)

P value
Pre- and

post-Impella
Post-transplant
Median (range)

P value
Pre-Impella and
post-transplant

Creatinine 1.55 (1–2.6) 1.25 (0.6–1.8) 0.007 1.1 (0.5–2.5) 0.015
GFR 51.5 (24–90) 58.5 (38–90) 0.020 67 (27–90) 0.031
Total bilirubin 0.6 (0.2–3.4) 0.45 (0.1–4.1) 0.068 0.6 (0.1–3.5) 0.635
Lactate 1 (0.6–2.4) 1 (0.5–1.5) 0.245 1.95 (0.7–4.6) at 24 h

1.1 (0.6–2) at 72 h
0.013
0.694

LDH post-Impella (lowest) — 220 (149–430) — — —

LDH post-Impella (highest) — 322 (240–830) — — —

Haemoglobin during Impella support — 9.85 (7.9–12.8) — — —

Lowest platelet # during Impella support — 125.5 (66–230) — — —

GFR, glomerular filtration rate; LDH, lactate dehydrogenase.

Table 4 Blood products utilization and anticoagulation

N = 16
N patients (%)
Median (range) P valuea

Blood transfusion during Impella 8 (50%)
# units, 2 (1–4)

<0.001

Blood transfusion during HTx 16 (100%)
# units, 4 (2–10)

—

Blood transfusion after HTx 2 (12%)
# units, 1.5 (1–2)

N/A

Platelets transfusion during Impella None —

Purge anticoagulation Heparin, 12 (75%)
Bivalirudin, 4 (25%)

—

Systemic anticoagulation Heparin, 12 (75%)
Bivalirudin, 4 (25%)

—

tPA for high purge pressure 1 (6%) —

HTx, heart transplantation; N/A, not applicable; tPA, tissue plasminogen activator.
aP value calculated for blood transfusion during Impella and transplant.

Table 5 Haemodynamics and pressor requirements

Parameter
Pre-Impella

Median (range)
Post-Impella

Median (range)
Post-transplant
Median (range)

P value
Pre- and

post-Impella

P value
Pre-Impella and
post-transplant

PA systolic, mmHg 45.5 (35–75) 36 (26–51) 37 (23–46) 0.001 0.004
PA diastolic, mmHg 23.5 (17–37) 17 (11–33) 16 (8–20) 0.002 0.001
PCWP, mmHg 21 (15–32) 15.5 (11–33) — 0.011 —

RA pressure, mmHg 8.5 (3–22) 3.5 (2–12) 7 (2–16) 0.018 0.608
PAPI 2.56 (0.86–10) 4.2 (1.3–10) 3.45 (1.1–10) 0.048 0.367
PVR, dynes-s/cm5 228 (80–576) 115 (50–292) 99 (70–142) 0.006 0.001
Pressors, % 15 (94%) 14 (88%) 16 (100%) 1 1
Vasoactive-inotropic score 5 (2.5–17.5) 5 (2.5–10) 5 (2–9) at 24 h

4 (1–6) at 72 h
0.064 0.455

0.030
Impella power — 6 (4–8) — — —

Impella flow — 3.85 (2.1–4.6) — — —

PA, pulmonary artery; PAPI, pulmonary artery pulsatility index; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resis-
tance; RA, right atrial.
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Final outcomes and complications

Final outcomes and complications are presented in Table 6.
All 16 patients survived to HTx, with a median waiting time
after device insertion of 19 days (3–31). Thirty days, 90 days,
and 1 year of survival after HTx was 100%. Complications
were uncommon in general. During the Impella support,
one patient had device dislodgement from the LV requiring
reinsertion in the operating room (OR), one had a resolved
mild stroke, and two had gastrointestinal (GI) bleeding that
required endoscopic interventions. Post-HTx complications
were noted for one patient who had a minor stroke without
residual deficit and for another who had axillary artery
dissection that required stenting. None of the patients re-
quired dialysis at any point, and no axillary nerve or aortic
valve injuries were observed.

Discussion

The new UNOS allocation system was introduced in October
2018, with the primary aim of addressing waitlist mortality,

acuity of the patients, and inequality in geographic
locations.10 Under the previous allocation system, stable
LVAD patients would receive the same prioritization as the
non-dischargeable patients on temporary MCS (TMCS),
despite the fact that LVAD patients have seen improved
survival and a lower rate of complications over the last few
years.11 Under the new allocation system, patients on TMCS
would receive prioritization to Status 1 or 2, which led to
increased transplant rates. Since its implementation, the
percentage of patients transplanted while on TMCS has risen
from 10% to 41%.12

Waitlist mortality, time to transplant, and
post-transplant survival

In our report, we investigated the use of the newly approved
Impella 5.5 as a direct bridge to transplant. We indicated
placing Impella 5.5 in advanced HF patients to improve their
transplant status in the hospital, improve their haemodynam-
ics and multi-organ function, decrease inotropic support, and
increase their physical activities while listed. All patients

Figure 1 Right ventricular function presented on box-plot graph before and after Impella placement; x mark represents mean right ventricular func-
tion (pre-Impella 2.44 vs. post-Impella 1.69, P = 0.003), and y axis scaled 1 (normal function) to 4 (severe dysfunction).

Table 6 Complications and post-transplant survival

Post-Impella complication Frequency # Post-transplant complication Frequency #

Nerve injury 0 Stroke (mild) 1
Bleeding requiring axillary exploration 0 Dialysis in hospital 0
Impella site infection 0 Dialysis after discharge 0
Distal embolization 0 Arm embolization 0
Aortic valve injury 0 Axillary site infection 0
Device dislodgementa 1 Sternal wound infection 0
Device malfunctiona 0 Open chest 0
Axillary artery dissection or pseudoaneurysm 0 Need for pacemaker 0
Device-related ventricular arrhythmia 0 Need for MCS 0
Stroke (mild) 1 Axillary artery dissection 1
GI bleeding 2 Mortality 30 days, 90 days, and 1 year 0

GI, gastrointestinal; MCS, mechanical circulatory support.
aRequired operating-room reinsertion.
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survived from device insertion until HTx and 30 days, 90 days,
and 1 year after, with median Impella support days of 19
(3–31). Yin et al. used data from the International Society for
Heart and Lung Transplantation between 2005 and 2016 to
stratify outcomes of HTx according to the type of MCS.13 Pa-
tients on ECMO had the lowest 1 year survival of 71.2% to be
followed by patients with percutaneous LVAD (including the
Impella and Tandem heart) with 79.9%. Hall et al. reported
87% first-year-HTx survival for patients who were bridged
with Impella 5.0.14 Cogswell reported 90 days of survival of
87.6% under the new allocation system with 83% of the
transplants occurring in Status 1, 2, or 3.12 Based on our
experience, early-term survival is encouraging with Impella 5.5
support, but further evaluation would be necessary.

Because the new allocation system prioritizes patients with
TMCS as Status 1 or 2 over stable LVAD patients with Status
4, an increase in waitlist time is expected for durable LVAD
patients. This fact clearly shifted patients and referred cardi-
ologists’ preference away from durable LVADs as a bridge to
transplant. Brown et al. investigated the optimal timing to
transplant patients with durable LVAD between 2009 and
2014 using fee-for-service Medicare patients.15 In their re-
port, 45% (n = 2639) were bridged to transplant (BTT) with
durable LVADs. LVAD patients were bridged for an average
of 346.6 ± 288.1 days and a median of 265 days. In addition,
one interesting subgroup was the patients who received a
transplant within 31 days of LVAD implantation, which
showed a 50% increase in the risk of death during the LVAD
support and a 30 day survival rate of 81.5% after transplant,
citing that this early period after LVAD implantation is not an
optimal time for HTx. In comparison, our study showed a me-
dian transplant waiting time of 19 (3–31) days, with 100%
30 day survival, which can put the Impella 5.5 BTT strategy
in a superior stand in comparison with the durable LVAD
bridge by decreasing waitlist mortality and improving early
survival.

Optimization of pulmonary haemodynamics and
right ventricular function

Secondary pulmonary hypertension (PHTN) is frequently en-
countered in HF patients undergoing transplant evaluation;
up to one-third of evaluated patients have either reversible
or fixed PHTN.16 LVADs are reported to lower mean PAP
and improve RV function.17,18 Our results showed significant
improvement in pulmonary haemodynamics and RV function
between pre- and post-Impella therapies (Table 5 and
Figure 1). Median pulmonary artery (PA) systolic pressure
decreased from 45 to 36 mmHg, and PVR significantly im-
proved. PAPI score, which is an indicator of RV reserve and
a predictor of adverse events in HF patients or the need for
RVAD support after LVAD placement,19,20 also showed signif-
icant improvement. These results indicate that the Impella

5.5 provides adequate unloading of the LV, leading to signif-
icant improvement in pulmonary haemodynamics and RV
function despite the short duration of the therapy. This im-
provement in PAP and RV function was also observed after
HTx. As a smaller micropump, it was encouraging to see com-
parative haemodynamic improvements in TMCS and newly
transplanted hearts.

Biochemical markers, haemolysis,
anticoagulation, and blood products transfusion

Renal dysfunction can be seen in up to two-thirds of hospital-
ized advanced HF patients.21 Main aetiologies are decreased
renal perfusion due to low cardiac output, venous congestion
due to RV dysfunction, and increased activation of the renin–
angiotensin system. We noticed a significant improvement in
GFR and serum creatinine after Impella support. This im-
provement was observed in the post-transplant period as
well. None of the patients required dialysis during Impella
support or after HTx.

Multiple studies have demonstrated recovery of renal
function after LVAD implantation,22,23 although this recovery
could be in the short term. Several reports showed a slow
progressive decline in renal function several months after
the LVAD implant.24,25 This observation may put the Impella
device in an advantageous position over LVADs, because
the duration of the Impella therapy is short, thus providing
the initial renal recovery and avoiding possible long-term de-
cline. TMCS is associated with a certain degree of haemolysis
in general, and the Impella device is no exception, with an in-
cidence range from 7.5% up to 62.5%.26,27 The INTERMACS
defines haemolysis as an increased LDH level of 2.5 times
the upper normal or plasma free haemoglobin (PFH) of
>20 mg/dL measured 72 h after MCS implantation, in addi-
tion to clinical and laboratory signs of haemoglobinuria, renal
impairment, anaemia, and hyperbilirubinaemia. We noticed
that the Impella 5.5 was having a safer haemolysis margin,
providing lower LDH levels, less requirement for blood trans-
fusion, and no platelet transfusion. This was also reflected in
renal recovery by avoiding further injury to the kidneys dur-
ing a longer duration of MCS therapy. Our experience overall
showed that the Impella 5.5 had a lower risk of haemolysis in
comparison with previous models and a low tendency for in-
let thrombus formation despite using it for a few weeks.

Low incidence of complications and better
patient conditioning for surgery

Complications were infrequent during Impella therapy. One
patient had their Impella cannula dislodged from the ventri-
cle, needing reposition in the OR. Simple repositioning can
be done at the bedside with transthoracic echocardiography
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(TTE) guidance or fluoroscopy if the cannula is still inside the
ventricle; when the cannula is expelled to the ascending
aorta, bedside fluoroscopy or TEE could be attempted but,
if not successful, axillary wound exploration will be
necessary.28 Two patients (12%) had GI bleeding that was
managed with endoscopy and holding anticoagulation. None
of the patients had aortic valve injury, bleeding, or infection
at the site of insertion. In the post-Impella therapy, phase
complications were also infrequent. We had one patient
(6%) having a minor stroke without the residual deficit and
one patient having an axillary artery dissection diagnosed a
few days after the transplant; the dissection required surgery
and stenting.

Durable LVAD recipients are expected to spend more
time on the waitlist; thus, the incidence of complications
would increase. Up to 60% of LVAD recipients will have
one or more adverse events within 6 months,29 Chauhan
et al.30 reported up to 30% re-exploration rate for surgical
bleeding after durable LVAD implantation, 22.4% incidence
of device-related infection, 10% for device thrombosis,
and 10% for device malfunction, in addition to a stroke rate
for durable VADs of ~10%.31 Therefore, we argue that
the complication profile for the Impella 5.5 is lower than
the durable VAD. Temporary Impella support through an

axillary approach also provides a limited surgical wound
away from the sternum and less inflammation compared
with a durable VAD surgery. This can explain the superiority
of smaller VADs for early extubation, better pain manage-
ment, absence of adhesions in the mediastinum, and gentle
explantation process during HTx. The majority of our
Impella patients participated in active physical therapy32

(Figure 2). The transplant procedure itself ran a less compli-
cated course in comparison with an LVAD explant surgery;
all patients had their chest closed during HTx. The median
cardiopulmonary bypass (CPB) time was 170.5 (124–258)
min, and the extubation time was 14.5 (6–24) h.

In conclusion, we believe the new generation Impella 5.5
would serve as a safe bridging option for HTx, providing bet-
ter organ function preservation and improvement. Patients
would have great mobility and would experience superior
haemodynamics on device therapy.

Limitations

We presented a small number of patients enrolled in this
study, and the monocentric nature of the study lacked a

Figure 2 Patient bridged with Impella 5.5 ambulating in the intensive care unit while waiting for transplant.
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comparison group. Once we adopted Impella 5.5 as a bridge
to HTx, we did not have many LVAD patients bridged or got
transplanted during the study time period. A multicentre pro-
spective study would accomplish a larger cohort number and
help us to understand the better comparison between differ-
ent types of TMCS or LVADs with satisfactory statistics. Also,
our patient population presented here is dominated by Sta-
tus 3 patients escalating to Status 2 with Impella 5.5 therapy
relatively stable on inotropes, and only a fewer patients in
refractory cardiogenic shock were presented. A cohort domi-
nated by refractory cardiogenic shock with multi-organ
dysfunction would lead to different outcomes. Finally,
there was an interobserver variability of qualitative

echocardiographic assessment and a lack of quantitative data
on right heart function.
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