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Abstract

Aims Acute right heart failure (RHF) is a severe complication of right ventricular infarction. The management of acute RHF
poses a number of challenges, such as providing haemodynamic support. Temporary circulatory support (TCS) may be required
upon failing medical therapy. The ProtekDuo® dual lumen cannula provides a minimally invasive option for (TCS) through a
groin‐free internal jugular vein approach. We present the largest patient series to date using the ProtekDuo® cannula as tem-
porary right ventricular assist device (t‐RVAD) in RHF after acute myocardial infarction (MI).
Methods and results From July 2016 to November 2019, 10 patients underwent t‐RVAD implantation for RHF following
acute MI. Transthoracic and transoesophageal echocardiography were performed in all patients to assess cardiac function,
with a particular focus on RV function. Cumulative 30‐day survival was 60%. Mean TAPSE was 6.4 ± 3.1 mm, mean fractional
area change was 12.1 ± 4.2%, and mean right ventricular end diastolic area was 19.8 ± 2.7 cm2. Mean implantation time was
32.8 ± 8.3 min. Mean interval after first cardiac intervention was 4.6 ± 5.8 days. Mean t‐RVAD time was 10.0 ± 7.4 days with a
significant reduction in central venous pressure 19.3 ± 2.7 vs. 8.2 ± 2.6 mmHg, P < 0.001 and a significant increase in central
venous saturation 52.8 ± 15.6 vs. 80.0 ± 6.0%, P < 0.001. Mean intensive care unit stay was 18.6 ± 12.2 days. Four patients
were weaned from TCS. Two patients were bridged to a long‐term paracorporeal RVAD. There were no t‐RVAD associated
complications. Causes of death (n = 4) were multiorgan failure, electromechanical dissociation, and haemorrhagic stroke.
Mean follow‐up time was 96.0 ± 107.6 days. No independent predictors of mortality were identified in univariate analysis.
Conclusions We show that groin‐free, percutaneous implantation of the ProtekDuo® cannula is a feasible and safe tool for
TCS in acute RHF post‐MI. This approach provides the advantages of percutaneous implantation including complete mobiliza-
tion and non‐surgical bedside explantation, as well as the option for adding an oxygenator to the t‐RVAD circuit.
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Introduction

With coronary artery disease still a leading cause of death
worldwide, acute right heart failure (RHF) is an established
complication of acute myocardial infarction (MI). First de-
scribed as a clinical syndrome in the 1970s, there remain

differing definitions of right ventricle (RV) dysfunction, right
ventricular failure, and RHF. Right ventricular dysfunction
can be defined by the presence of acute systolic RV dysfunc-
tion in echocardiography, increase of natriuretic peptides
without LV failure, or by specific RV strain patterns in ECG
control.1 Right ventricular failure can be described as RV
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dysfunction with low cardiac output or cardiogenic shock,
resulting in organ malperfusion and subsequent multiorgan
failure. Defined as a clinical syndrome, RHF is due to an alter-
ation of RV structure or function of the right‐sided circulatory
system.1

The culprit vessel in RV infarction is usually the right coro-
nary artery or a marginal branch in a left‐dominant coronary
system. In general, the RV has a higher tolerance for acute is-
chaemia, because of its reduced oxygen demand, higher cor-
onary flow reserve, double coronary artery supply, and a
more homogeneous transmural perfusion across one cardiac
cycle.2 However, the incidence of in‐hospital mortality is
higher in patients with inferior wall MI.3 This may be related
to the incidence of refractory cardiogenic shock in these pa-
tients due to reduced left ventricular preload with entailing
low cardiac output leading to systemic hypoperfusion (‘right
to left failure’).4,5

Following discharge from hospital, patients with RV infarc-
tion actually have a better long‐term prognosis compared
with those suffering from LV infarction.6 This is thought to
be due to partial recovery of RV function over time or that
persistent RV dysfunction is better tolerated in the long term.

Echocardiography remains an essential diagnostic tool in
the evaluation of right heart function. Rudski et al. presented
a guideline document for the optimal echocardiographic
study of the RV, with reference values for larger study popu-
lation or pooled values from different studies in order to facil-
itate assessment of the right heart.7 With regard to
prediction and early recognition of RHF, risk scoring and pre-
dictive models for RHF have all been developed in the setting
of left ventricular assist device implantation and are not sen-
sitive to functional RV changes after MI.8

For the cohort of patients who require temporary circula-
tory support (TCS) for RHF following acute MI, management
depends on the timing and severity of the RHF. Patients in
acute cardiogenic shock need prompt management.9 While
inotropic support remains the first‐line treatment, TCS in
the setting of acute heart failure has evolved, and different
devices are available. Extracorporeal membrane oxygenation
(ECMO) can be used to stabilize patients in cardiogenic shock
or to bridge patients to other modes of mechanical circula-
tory support (MCS).10 TCS such as miniaturized axial pump
devices or veno‐arterial ECMO are still the main therapeutic
tools in the treatment of acute cardiogenic shock after MI.7

However, the resulting systemic blood flow will be non‐
pulsatile. A study from Itoh et al. demonstrated that pulsatile
blood flow in an ECMO setting produces significantly higher
haemodynamic energy with improvement of systemic micro-
circulation when compared with non‐pulsatile ECMO perfu-
sion in acute cardiac failure.11

The ProtekDuo® dual lumen cannula (LivaNova PLC,
London, UK) provides a true minimally invasive option for
RV TCS, whether with the TandemHeart™ pump (LivaNova
PLC, London, UK) or any other extracorporeal centrifugal

pump (e.g. CentriMag™ assist device, Abbott Laboratories,
Chicago, USA).7 However, the major advantage of the
ProtekDuo® cannula is the possibility to provide minimally in-
vasive groin‐free full RV support with no need for direct can-
nulation of the right atrium and the pulmonary artery (PA),
obtaining the ability to add gas exchange if need be (Figure
1). Sternotomy is not necessary at all when only temporary
support is anticipated, and implantation trauma is very lim-
ited. Furthermore, through the internal jugular approach, im-
plantation and explantation can be performed on awake
patients with no need for cardiopulmonary bypass (CPB)
and no limitation on mobilization once TCS is established.12,13

Additionally, the physiological pulsatile blood flow caused by
regular ejection of the left ventricle is preserved.To the best
of our knowledge, in this study, we present the largest de-
tailed results with the groin‐free right heart TCS using the
ProtekDuo® cannula in a subgroup of acute MI with subse-
quent RHF as temporary right ventricular assist device (t‐
RVAD).

Methods

Patients

From July 2016 to November 2019, we implanted 10 tempo-
rary right ventricular assist devices (t‐RVAD) in patients with
RHF after acute MI. In a retrospective single‐centre study,
we evaluated this selective patient cohort for a perioperative
and postoperative outcome analysis. This study complies with
the Declaration of Helsinki and was approved by the ethical
committee of the University of Heidelberg, S‐568/2019.

Right ventricular assist device implantation

Our implantation technique of the ProtekDuo® cannula, with
a TandemHeart™ or Centrimag™ centrifugal pump, has been
described before.7 Using fluoroscopic and transesophageal
echocardiography control, a balloon‐catheter was placed
over a guide‐wire into the PA via the right jugular vein using
Seldinger technique. With the removal of the balloon‐
catheter, the dual lumen ProtekDuo® cannula was inserted
into the main PA. Depending on the procedural setting,
t‐RVAD support was initiated with either weaning from CPB
by gradually decreasing CPB flow or solely by increasing
t‐RVAD flow to a maximum of 7,500 rpm and 3.8 L/min, re-
spectively. Anticoagulation was monitored through activated
partial thromboplastin time, with a target value of 60–80 s
and measured activated clotting time of 180–220 s commenc-
ing from the beginning of the implantation. Transthoracic and
transoesophageal echocardiography were performed in all
patients to assess cardiac function, with a particular focus
on RV function.
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Right ventricular assist device weaning protocol

To evaluate RV function, a patient’s inotropic requirement,
inhalative nitric oxide (iNO) concentrations, RV function in
transthoracic echocardiography, and clinical status were eval-
uated daily on the intensive care unit (ICU). After weaning
from iNO support, extubation was targeted as early as possi-
ble. According to functional status and RV recovery, t‐RVAD
support was gradually decreased by 500–1,000 rpm until a
minimal of 3,500 rpm. Echocardiography and central venous
saturation analysis were monitored routinely. Inotropic sup-
port with dobutamine or milrinone/levosimendan was calcu-
lated according to haemodynamic analysis.

Statistics

All statistical analyses were performed using the IBM SPSS
Statistics version 25 software (SPSS, Chicago, IL, USA). Nor-
mally distributed continuous variables were reported as
mean ± standard deviation and were compared by a
two‐tailed t‐test. Categorical variables were reported as fre-
quencies and percentages and were analysed by χ2 test. Sur-
vival was calculated using the Kaplan–Meier method. The
threshold for significance was set at P < 0.05.

Results

Patient data

During the study period 10 patients (nine male, 90.0%) re-
ceived a t‐RVAD for acute RHF after MI. Eight of the 10 pa-
tients were at least in NYHA class III at the time of
admission (3.3 ± 0.8). Cardiopulmonary resuscitation had
been necessary in four patients prior to the t‐RVAD implanta-
tion. T‐RVAD support was indicated in cases of heart failure
with preserved LV ejection fraction for right ventricular fail-
ure. Clinically, patients had progressive cardiogenic shock
(as defined by common shock characteristics, e.g. haemody-
namic instability, increase in inotropic and vasopressor sup-
port, and worsening of end‐organ function) without LV
dysfunction.

Four patients needed RV support for acute NSTEMI
(40.0%), two patients suffered from acute STEMI with
post‐infarction ventricular septum defect (20.0%), and an-
other two patients (20.0%) showed complications related to
percutaneous coronary intervention with acute RCA dissec-
tion (10.0%) and RCA occlusion (10.0%). One patient
(10.0%) needed a RV support after minimally invasive mitral
valve reconstruction with subsequent RCA embolism and

FIGURE 1 Illustration of the ProtekDou® dual lumen cannula (reproduced with kind permission of LivaNova PLC London, UK).
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acute RHF. Another patient in this cohort underwent thora-
cotomy for haemothorax following coronary artery bypass
grafting and biologic aortic valve replacement with subse-
quent NSTEMI and additional need of off‐pump RCA bypass
surgery during t‐RVAD implantation. A summary of the pa-
tient collective is presented in Table 1.

In four patients, additional MCS was necessary in addition
to t‐RVAD implantation. One initially received a central
veno‐arterial ECMO, which was downgraded to a less invasive
t‐RVAD with oxygenator during t‐RVAD implantation. Two pa-
tients needed IABP‐counter pulsation support after primary
cardiac surgery to improve coronary flow. Another patient
needed IABP implantation during t‐RVAD implantation for
further improvement of coronary flow; IABP support was
weaned 3 days later. Further baseline data are presented in
Table 2.

Intraoperative data

Intraoperative echocardiography showed a mean tricuspid an-
nular plane systolic excursion at the time of t‐RVAD implanta-
tion of 6.4 ± 3.1mm. The fractional area change was measured
at a mean of 12.1 ± 4.2% and the mean right ventricular end
diastolic area was 19.8 ± 2.7 cm2. LV ejection fraction was
52.3 ± 13.1% at the time of t‐RVAD implantation. Mean LV out-
flow tract velocity time integral was 14.0 ± 2.5 cm with a
calculated mean cardiac output of 4.0 ± 1.1 L/min. Echocardi-
ography data are listed in Table 3A.

Mean implantation time was 32.8 ± 8.3 min. And mean in-
terval after first cardiac intervention was 4.6 ± 5.8 days, with
five patients in whom the ProtekDuo® cannula was implanted
secondary to the initial cardiac intervention, surgical, or inter-
ventional. More intraoperative patient data are depicted
in Table 3B.

Postoperative data

A detailed description of postoperative data is listed in Table
4. Mean t‐RVAD support duration was 10.0 ± 7.4 days. Mean
ICU stay was 15.8 ± 11.6 days. Mean ventilation time was
251.0 ± 165.0 h with mean iNO ventilation time of
142.8 ± 126.0 h in nine patients.

Table 1 Patient collective

Cardiac diagnosis Concomitant cardiac surgery
Time to t‐RVAD
implantation

Patient 1 STEMI with acute RCA dissection PCI of the RCA, CABG with ECMO
implantation

3

Patient 2 NSTEMI CABG + IABP 0
Patient 3 STEMI with post‐myocardial infarction VSD PCI of the RCA, VSD repair, and CABG 4
Patient 4 NSTEMI with severe aortic stenosis CABG and aortic valve replacement 0
Patient 5 STEMI with acute RCA occlusion after PCI CABG 0
Patient 6 Severe mitral valve regurgitation with intraoperative

STEMI
Mitral valve reconstruction with CABG 0

Patient 7 STEMI with post‐myocardial infarction VSD VSD repair 15
Patient 8 NSTEMI with acute RCA dissection PCI of the RCA 0
Patient 9 Severe aortic stenosis with postoperative NSTEMI Aortic valve replacement with CABG 1
Patient
10

NSTEMI PCI of the RCA 1

CABG, coronary artery bypass graft; NSTEMI, non‐ST‐elevation myocardial infarction; PCI, percutaneous coronary intervention; RCA, right
coronary artery; STEMI, ST‐elevation myocardial infarction, VSD, ventricular septal defect.

Table 2 Baseline data

Male 9 (90.0)
Height (cm) 175.0 ± 6.3
Weight (kg) 82.4 ± 13.1
Diabetes mellitus 3 (30.0)
Hyperlipidaemia 4 (40.0)
Arterial hypertension 8 (80.0)
Smoking 3 (30.0)
Peripheral artery disease 2 (20.0)
Carotid artery stenosis 2 (20.0)
Renal impairmenta 5 (50.0)
NYHA 3.3 ± 0.8
Angina pectoris 6 (60.0)
Instable angina pectoris 5 (50.0)
Dyspnoea 4 (40.0)
Hepatomegaly 0
Peripheral oedema 0
Acute myocardial infarction 8 (80.0)
Syncope 0
Pulmonary embolism 0
Acute heart failure 8 (80.0)
Previous reanimation 5 (50.0)
Creatinine (mg/dL) 1.9 ± 1.3
Bilirubin mg/dL) 0.7 ± 12.8
AST 599.2 ± 816.9
ALT 316.2 ± 503.1
CK (U/L) 7175.0 ± 9902.6
CK‐MB (U/L) 367.3 ± 330.2

ALT, alanine transaminase; AST, aspartate transaminase; CK, creat-
inine kinase; CK‐MB, creatinine kinase‐MB; INR, international nor-
malized ratio; NYHA, New York Heart Association functional
classification.
aCreatinine >1.3 mg/dL + urea >45 mg/dL.
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Central venous pressure was significantly lower after
t‐RVAD implantation: 19.3 ± 2.7 vs. 8.2 ± 2.6 mmHg,
P < 0.001. There was a significant increase in central venous
saturation directly postoperatively under t‐RVAD support:
52.8 ± 15.6 vs. 80.0 ± 6.0%, P < 0.001. An amelioration in
end‐organ function was measured by a decrease in creati-
nine, bilirubin, aspartate (AST), and alanine transaminases
(ALT); however, the difference did not reach statistical signif-
icance. Preoperative and postoperative mean creatinine
values were 1.9 ± 1.3 vs. 1.1 ± 0.3 mg/dL, P = 0.086; mean to-
tal bilirubin 2.8 ± 3.8 vs. 0.6 ± 0.3 mg/dL, P = 0.111; mean AST
599.2 ± 816.9 vs. 36.8 ± 16.6 U/L, P = 0.073; and mean ALT
316.2 ± 503.1 vs. 68.6 ± 58.2 U/L, P = 0.303.

All patients received adrenalin, dobutamine, and noradren-
alin postoperatively while on t‐RVAD support. There were no
signs of infections at the cannulation sites. Six patients were
given i.v. milrinone, and four were supported with
levosimendan on t‐RVAD. Four patients received an addi-
tional oxygenator to the t‐RVAD circuit, of whom one patient
could be successfully weaned under continuous t‐RVAD sup-
port. In one case, oxygenation support reached 0.45 FiO2 at
the time of t‐RVAD explantation, while two patients died dur-
ing t‐RVAD support due to multiorgan failure. Ventilation pa-
rameters were titrated according to arterial blood gas and
end‐tidal carbon dioxide values. All surviving patients (60%)
were successfully mobilized during ICU stay while on
t‐RVAD support. A t‐RVAD weaning protocol is presented in
Table 5.

Complications and adverse events

Eight patients (80.0%) needed haemodialysis for acute kidney
failure and to facilitate fluid balance. Four patients (40.0%)
had postoperative bleeding, with re‐thoracotomy for
haematoma evacuation required in two patients. Notably,
bleeding was not associated with the ProtekDuo® cannula
or cannulation site. We did not experience any t‐RVAD‐
associated complications, in particular no pump thrombosis
(and therefore no need for pump lysis), no vessel injury,
and no increased bleeding propensity.

One patient suffered from LV dysfunction after t‐RVAD im-
plantation and received an IABP‐counter pulsation support
bedside on the ICU to treat LV failure. One patient (10%) suf-
fered from postoperative haemorrhagic stroke while on
t‐RVAD support. One patient (10%) required subtotal
colectomy, ileum resection, and cholecystectomy as a result
of low output syndrome following ventricular septum defect
repair with coronary artery bypass grafting and secondary t‐
RVAD. Chest infections occurred in four patients (40%) and
of these two fulfilled postoperative sepsis criteria including
bacteraemia.

Survival and follow‐up

In total, four patients (40%) died during the first week after
t‐RVAD implantation on the ICU. In one patient, the cause
of death was electromechanical dissociation despite immedi-
ate cardiopulmonary resuscitation 4 hours after t‐RVAD
explantation. Another patient died following haemorrhagic
cerebellum stroke on postoperative day five. Two patients
suffered from multiorgan failure due to biventricular failure

Table 3A Presents Intraoperative echocardiography values

Name Mean value ± standard deviation

TAPSE 6.4 ± 3.2 mm
FAC 12.1 ± 4.3%
RV/LV ratio 0.8 ± 0.1
RVEDD 44.6 ± 5.6 mm
RV ED area 19.8 ± 2.7 cm2

LVEF 52.3 ± 13.1%
LVOT VTI 14.1 ± 2.5 cm
cardiac output 4.0 ± 1.2 L/min

FAC, fractional area change; LVEF, left ventricular ejection fraction;
LVOT VTI, Left ventricular outflow tract velocity time integral; RVED
area, right ventricular end‐diastolic area; RVEDD, right ventricular
end‐diastolic diameter; TAPSE, tricuspid annular plane systolic
excursion.

Table 3B Presents Intraoperative data

Mean t‐RVAD implantation time (min) 32.8 ± 8.3
Interval after first cardiac intervention (days) 4.0 ± 5.8
Intubation before t‐RVAD 3 (30.0)
IABP before t‐RVAD 1 (10.0)
va‐ECMO before t‐RVAD 2 (20.0)

IABP, intra‐aortic balloon pump, va‐ECMO, veno‐arterial extracor-
poreal membrane oxygenation; t‐RVAD, temporary right ventricu-
lar assist device.

Table 4 Postoperative data

iNO (h) 142.8 ± 126.0
ECMO 0
Noradrenalin 10 (100.0)
Dopamine 1 (10.0)
Dobutamine 10 (100.0)
Adrenalin 9 (90.0)
Milrinone 6 (60.0)
Sildenafil 5 (50.0)
Arrhythmia 8 (80.0)
Renal insufficiency 5 (50.0)
Dialysis 8 (80.0)
Intubation time (h) 251.0 ± 165.0
Reintubation 1 (10.0)
Tracheotomy 3 (30.0)
ICU stay (days) 15.8 ± 11.6
Creatinine at discharge 1.1 ± 0.3
Bilirubin at discharge 0.6 ± 0.3
AST at discharge 36.8 ± 16.7
ALT at discharge 68.6 ± 58.2

ALT, alanine transaminase; AST, aspartate transaminase; ECMO, ex-
tracorporeal membrane oxygenation; ICU, intensive care unit; iNO,
inhalative nitric oxide.
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with low output syndrome despite MCS with t‐RVAD
and IABP.

Four patients (40.0%) were successfully weaned from t‐
RVAD. Two patients (20.0%) received an upgrade to a perma-
nent paracorporeal RVAD (Excor® Adult single chamber
RVAD, Berlin Heart GmbH, Berlin, Germany) and were subse-
quently listed for heart transplantation (Figure 2). Both pa-
tients treated with a long‐term RVAD as bridge‐to‐
transplantation concept underwent another coronary angiog-
raphy under t‐RVAD support to rule out further coronary
treatment options, before the decision was taken to implant
a permanent paracorporeal Excor® Adult single chamber
RVAD. Regular transthoracic and transesophageal echocardi-
ography examinations showed highly reduced RV function
under maximum RV drainage through the t‐RVAD in these
cases. Both patients were listed for heart transplantation
without any VAD‐related complications and received regular
outpatient care. One patient underwent successful heart
transplantation after 444 days of permanent RVAD Excor®
support. All six surviving patients showed improved func-
tional status from NYHA class III to NYHA class I during
follow‐up after hospital discharge.

As to variables such as time to t‐RVAD implantation, pre-
operative values of creatinine, bilirubin, AST, and ALT, as well
as CK and CK‐MB values before t‐RVAD implantation, there
were no independent predictors of mortality in univariate
analysis. Cumulative 30‐day survival was 60%, with no death
during short‐term and long‐term follow‐up and 1‐year sur-
vival of equal to 60%. Mean follow‐up time was
404.7 ± 422.9 days with cumulative follow‐up time 3697 days.

Discussion

The optimal management of acute right ventricular failure af-
ter MI remains a topic of ongoing discussion in current
literature.14 As RHF after acute MI is often temporary in con-
trast to LV dysfunction in acute MI, only selected patients re-
quire TCS. Treatment options for acute RHF include (i)
optimization of preload, (ii) inotropic agents, (iii) revasculari-
zation, (iv) maintenance of atrioventricular synchrony, and
(v) advanced TCS. Percutaneous TCS devices serve as tempo-
rary solution, allowing for recovery‐time of RV function or as

Table 5 Selected criteria for weaning protocol of t‐RVAD

Continuous reduction of t‐RVAD support gradually by 500–1000 rpm/days (0.25–0.5 L/min) until minimal support of 3500 rpm/min
Reduction of inotropic support
Sustaining reduction of central venous pressure (mmHg) <15 mmHg
Augmentation central venous saturation (%) >65%
Amelioration of end‐organ function • Normalization of liver enzymes

• Amelioration of renal function
In case of additional oxygenator FiO2 ≤45% or Horovitz index of >300

FIGURE 2 Flowchart of patient outcomes after temporary right ventricular assist device (t‐RVAD) implantation.
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bridge to other permanent therapeutic options.4 By introduc-
ing our t‐RVAD approach, the threshold for TCS implantation
can be reduced. The risk profile of early circulatory support
through t‐RVAD with the ProtekDuo® cannula is favourable
compared with the risks of extensive surgical complications
with standard veno‐arterial ECMO support. This favourable
risk profile includes avoiding thrombosis as a result of blood
stasis in the pulmonary vasculature, sometimes observed in
VA‐ECMO. Our approach also allows for preserving the
physiological pulsatile blood flow caused by ejection of the
left ventricle.

Here, we describe the initial results of groin‐free t‐RVAD
for acute MI in a cohort of 10 patients. In a communication
from Ravichandran et al., they report only on two patients
who received sole t‐RVAD for predominant unspecified RV
failure.12 With the implantation of the ProtekDuo® cannula
using only fluoroscopic and transesophageal echocardio-
graphic control with Seldinger technique via the right jugular
vein, this therapeutic application is just as feasible to be per-
formed in a catheter laboratory without mandatorily needing
surgery, CPB, or sternotomy. In our cohort, mean implanta-
tion time was 30 min. The percutaneous t‐RVAD support
using the ProtekDuo® cannula has evolved to become the
standardized approach within our institution. In cases of
semi‐elective implantation or scheduled downgrade from
ECMO, an interdisciplinary approach to decision making in-
cluded the heart team and intensivists. In cases of emergency
or intraoperative indication for t‐RVAD support, implantation
was performed immediately with subsequent heart team dis-
cussion after surgery.

In these 10 patients, time to t‐RVAD implantation after
first cardiac event could not be identified as an independent
risk factor for mortality. However, different studies could
demonstrate that optimal timing of TCS therapy can improve
patient outcomes and reduce morbidity and mortality.15

Cheung et al. showed in their retrospective study that TCS
with the Impella Recover RD® (Abiomed, Danvers, USA) could
lead to a recovery rate of 70% in patients with acute RHF af-
ter RV infarct with successful device explantation. This partic-

ular TCS system was a micro‐axial pump for temporary RV
support up to 10 days which was surgically implanted
through a sternotomy, with direct anastomosis of the inflow
cannula to the right atrium and outflow cannula to the
PA.16 However, the Impella RD® is no longer available for
clinical use.

Within our cohort, 40% of the patients were successfully
weaned completely from the RVAD and overall survival after
t‐RVAD implantation was 60%. In this study, we were able to
demonstrate that at the time of discharge, all six surviving pa-
tients showed functional status of NYHA class I compared to
NYHA class III or IV at the time of admission. Given our
experience with the ProtekDuo® cannula utilized with an ex-
tracorporeal centrifugal pump as t‐RVAD, we propose
cut‐off values and selection criteria for evaluation of t‐RVAD
implantation in this specific patient cohort. In Table 6, echo-
cardiographic and clinical evaluation parameter of RV func-
tion and end‐organ function are listed with corresponding
proposals. Because mortality in acute RHF remains high, fur-
ther studies are needed to help defining which patients will
profit from a groin‐free t‐RVAD in the setting of acute MI
with or without timely percutaneous coronary intervention
or cardiac surgery.

In summary, this approach shows the feasibility of a
non‐surgical device implantation in a catheter laboratory.
The utilization of the ProtekDuo® cannula with an extracorpo-
real centrifugal pump combines a number of key advantages,
including minimally invasive implantation avoiding any (re‐)
sternotomy and the early mobilization of the patients which
is of huge benefit in postoperative surgical recovery.17,18

Early mobilization on the surgical ICU is an important factor
for patient recovery.18

Early intervention with patient‐specific treatment is critical
for this complex patient cohort. For TCS, one should focus on
less invasive implantation and explantation techniques. The
technique presented here avoids the disadvantages associ-
ated with a VA‐ECMO support, such as peripheral cannula-
tion, retrograde perfusion, and the risk of limb ischaemia
and continuous systemic blood flow.19–21 MCS through

Table 6 Proposed cut‐off values and selection criteria for evaluation of t‐RVAD implantation

Echocardiography:
TAPSE (mm) <10mm
Fractional area change <25
RV end‐diastolic diameter (mm) >44mm
RV/LV end‐diastolic ratio <0.75
Clinical parameter:
RV deterioration under rising inotropic support
Central venous pressure (mmHg) >15mmHg
Central venous saturation (%) < 55%
End‐organ failure defined by • Rise of transaminases, alkaline phosphatase, bilirubin, albumin, serum creatinine,

sodium, potassium
• Reduction of GFR
• New onset of oliguria
• New ascites

GFR= glomerular filtration rate; LV= left ventricle; RV= right ventricle, TAPSE= tricuspid annular plane systolic excursion

Results of a groin‐free temporary RVAD approach 2859

ESC Heart Failure 2020; 7: 2853–2861
DOI: 10.1002/ehf2.12888



VA‐ECMO also entails the risk of systemic inflammatory re-
sponse syndrome due to complement systems becoming ac-
tivated as a result of blood exposure to the vast
extracorporeal circuit, which ultimately ends in a systemic in-
flammatory response and end‐organ damage.22 By introduc-
ing smaller TCS systems and avoiding oxygenation whenever
feasible, inflammation‐related adverse events can be re-
duced. With 60% survival in our cohort, we were able to dem-
onstrate the benefits of early t‐RVAD implantation in a
non‐surgical setting after acute MI, during short‐term and
long‐term follow‐up.

A major advantage of the implantation of the ProtekDuo®
cannula in a t‐RVAD setting is optimization of treatment to
the specific clinical scenario. In the setting of isolated RHF
without pulmonary involvement, blood pumping alone is suf-
ficient. However, if RHF is accompanied by oxygenation fail-
ure, an additional oxygenator can be easily added to the
circuit. Comparing our t‐RVAD approach to the Impella RP®
system (Abiomed, Danvers, USA), one sees two different
pump mechanisms and different cannulation sites. The
Impella RP® is a percutaneous, single vascular‐access micro‐
axial pump designed for RV support, mandatorily inserted
through the femoral vein resulting in the inevitable immobili-
zation of the patient. A study from Anderson et al., reports
four cases in which the Impella RP® treatment regime was es-
calated to a surgical RVAD (CentriMag™) because need for
oxygenator became present.23 We recently published our re-
sults of two cases with an interventional/minimally invasive
LV support through Impella® 5.0 or 5.5 and RV support
through the ProtekDuo® cannula. This approach provides full
biventricular support and LV unloading, with reducing surgical
trauma and inflammatory response and allows for a subse-
quent weaning from left‐side or right‐side support.24

The minimally invasive implantation technique, the possi-
bility to easily add and remove an oxygenator to the circuit
alongside the benefits of the groin‐free approach, favours
the ProtekDuo® cannula as t‐RVAD in cases of complicated MI.

Here, we demonstrate that the ProtekDuo® cannula for
TCS of the RV is an effective tool in the acute and emer-
gency setting. The fast, uncomplicated, and efficient RV
unloading without major surgery and trauma offers means
for fast recovery in the setting of RHF after acute MI. These
promising early results will require more experience to
further validate this approach. Limitations of this study
include the small heterogenous patient cohort and its
retrospective nature.

Conclusions

In summary, we report the first case series results for patients
with acute MI and subsequent RHF managed via the minimally
invasive approach of the ProtekDuo® cannula as t‐RVAD. Tem-
porary mechanical RV support through a groin‐free percuta-
neous implantation of a ProtekDuo® cannula in the setting
of acute MI is a feasible and safe tool in RHF. Our technique
significantly reduces the threshold for t‐RVAD implantation
by providing all advantages of a percutaneous implantation
including complete mobilization and non‐surgical bedside
explantation, as well as the option for adding an oxygenator
to the t‐RVAD circuit. Through fluoroscopic and transesopha-
geal echocardiography control, the implantation in Seldinger
technique via the right jugular vein is feasible in a catheter
laboratory, too, without mandatory sternotomy and surgery.
Furthermore, the ProtekDuo® t‐RVAD performs as a bridge‐
to‐decision support before long‐term RVAD may become
necessary, if weaning from t‐RVAD fails. Further studies are
needed to generate more data for evaluation.

Conflict of interest

None declared.

References

1. Grignola JC, Domingo E. Acute right
ventricular dysfunction in intensive care
unit. Biomed Res Int 2017;
2017:8217105: 1–15.

2. Laster SB, SheltonTJ, Barzilai B, Goldstein
JA. Determinants of the recovery of right
ventricular performance following experi-
mental chronic right coronary artery oc-
clusion. Circulation 1993; 88: 696–708.

3. Carroll R, Sharma N, Butt A, Hussain
KM. Unusual electrocardiographic pre-
sentation of an isolated right ventricular
myocardial infarction secondary to
thrombotic occlusion of a
non‐dominant right coronary artery—a
case report and brief review of litera-
ture. Angiology 2003; 54: 119–124.

4. Inohara T, Kohsaka S, Fukuda K, Menon
V. The challenges in the management of
right ventricular infarction. Eur Heart J
Acute Cardiovasc Care 2013; 2: 226–234.

5. Hamon M, Agostini D, Le Page O,
Riddell JW, Hamon M. Prognostic im-
pact of right ventricular involvement in
patients with acute myocardial infarc-
tion: meta‐analysis. Crit Care Med
2008; 36: 2023–2033.

6. Gumina RJ, Murphy JG, Rihal CS, Len-
non RJ, Wright RS. Long‐term survival
after right ventricular infarction. Am J
Cardiol 2006; 98: 1571–1573.

7. Schmack B, Weymann A, Popov AF, Patil
NP, Sabashnikov A, Kremer J, Farag M,
Brcic A, Lichtenstern C, Karck M,

Ruhparwar A. Concurrent left ventricu-
lar assist device (LVAD) implantation
and percutaneous temporary RVAD sup-
port via CardiacAssist Protek‐Duo
TandemHeart to preempt right heart
failure. Med Sci Monit Basic Res 2016;
22: 53–57.

8. Soliman OII, Akin S, Muslem R,
Boersma E, Manintveld OC, Krabatsch
T, Gummert JF, de By TMMH, Bogers
AJJC, Zijlstra F, Mohacsi P, Caliskan K,
EUROMACS Investigators. Derivation
and validation of a novel right‐sided
heart failure model after implantation
of continuous flow left ventricular assist
devices: The EUROMACS (European
Registry for Patients with Mechanical

2860 J. Kremer et al.

ESC Heart Failure 2020; 7: 2853–2861
DOI: 10.1002/ehf2.12888



Circulatory Support) right‐sided heart
failure risk score. Circulation 2018;
137: 891–906.

9. Nersesian G, Hennig F, Muller M,
Mulzer J, Tsyganenko D, Starck C,
Gromann T, Falk V, Potapov E,
Schoenrath F. Temporary mechanical
circulatory support for refractory heart
failure: the German Heart Center Berlin
experience. Ann Cardiothorac Surg
2019; 8: 76–83.

10. Becher PM, Schrage B, Sinning CR,
Schmack B, Fluschnik N, Schwarzl M,
Waldeyer C, Lindner D, Seiffert M, Neu-
mann JT, Bernhardt AM, Zeymer U,
Thiele H, Reichenspurner H,
Blankenberg S, Twerenbold R,
Westermann D. Venoarterial extracorpo-
real membrane oxygenation for cardio-
pulmonary support. Circulation 2018;
138: 2298–2300.

11. Itoh H, Ichiba S, Ujike Y, Douguchi T,
Obata H, Inamori S, Iwasaki T, Kasahara
S, Sano S, Ündar A. Effect of the pulsa-
tile extracorporeal membrane oxygena-
tion on hemodynamic energy and
systemic microcirculation in a piglet
model of acute cardiac failure. Artif Or-
gans 2016; 40: 19–26.

12. Ravichandran AK, Baran DA, Stelling K,
Cowger JA, Salerno CT. Outcomes with
the Tandem Protek Duo dual‐lumen per-
cutaneous right ventricular assist device.
ASAIO J 2018; 64: 570–572.

13. Schmack B, Farag M, Kremer J,
Grossekettler L, Brcic A, Raake PW,
Kreusser MM, Goldwasser R, Popov AF,
Mansur A, Karck M, Ruhparwar A. Re-
sults of concomitant groin‐free percuta-
neous temporary RVAD support using a
centrifugal pump with a double‐lumen
jugular venous cannula in LVAD pa-
tients. J Thorac Dis 2019; 11:
S913–S920.

14. Chhapra DA, Mahajan SK, Thorat ST. A
study of the clinical profile of right ven-
tricular infarction in context to inferior
wall myocardial infarction in a tertiary
care centre. J Cardiovasc Dis Res 2013;
4: 170–176.

15. Konstam MA, Kiernan MS, Bernstein D,
Bozkurt B, Jacob M, Kapur NK, Kociol
RD, Lewis EF, Mehra MR, Pagani FD,
Raval AN, Ward C, American Heart As-
sociation Council on Clinical Cardiology;
Council on Cardiovascular Disease in the
Young; and Council on Cardiovascular
Surgery and Anesthesia. Evaluation
and management of right‐sided heart
failure: A scientific statement from the
American Heart Association. Circulation
2018; 137: e578–e622.

16. Cheung AW, White CW, Davis MK, Freed
DH. Short‐term mechanical circulatory
support for recovery from acute right
ventricular failure: clinical outcomes. J
Heart Lung Transplant 2014; 33:
794–799.

17. Kazui T, Tran PL, Echeverria A, Jerman
CF, Iwanski J, Kim SS, Smith RG,
Khalpey ZI. Minimally invasive approach
for percutaneous CentriMag right ven-
tricular assist device support using a sin-
gle PROTEKDuo Cannula. J Cardiothorac
Surg 2016; 11: 123.

18. Schaller SJ, Anstey M, Blobner M,
Edrich T, Grabitz SD, Gradwohl‐Matis I,
Heim M, Houle T, Kurth T, Latronico N,
Lee J, Meyer MJ, Peponis T, Talmor D,
Velmahos GC, Waak K, Walz JM, Zafonte
R, Eikermann M. Early, goal‐directed
mobilisation in the surgical intensive
care unit: a randomised controlled trial.
Lancet 2016; 388: 1377–1388.

19. Takayama H, Naka Y, Kodali SK, Vincent
JA, Addonizio LJ, Jorde UP, Williams
MR. A novel approach to percutaneous
right‐ventricular mechanical support.

Eur J Cardiothorac Surg 2012; 41:
423–426.

20. Schaefer A, Reichart D, Bernhardt AM,
Kubik M, Barten MJ, Wagner FM,
Reichenspurner H, Philipp SA, Deuse T.
Outcomes of minimally invasive tempo-
rary right ventricular assist device sup-
port for acute right ventricular failure
during minimally invasive left ventricu-
lar assist device implantation. ASAIO J
2017; 63: 546–550.

21. Saeed D, Maxhera B, Kamiya H,
Lichtenberg A, Albert A. Alternative right
ventricular assist device implantation
technique for patients with perioperative
right ventricular failure. J Thorac
Cardiovasc Surg 2015; 149: 927–932.

22. Millar JE, Fanning JP, McDonald CI,
McAuley DF, Fraser JF. The inflamma-
tory response to extracorporeal mem-
brane oxygenation (ECMO): a review
of the pathophysiology. Crit Care 2016;
20: 387.

23. Anderson M, Morris DL, Tang D,
Batsides G, Kirtane A, Hanson I, Meraj
P, Kapur NK, O’Neill W. Outcomes of pa-
tients with right ventricular failure re-
quiring short‐term hemodynamic
support with the Impella RP device. J
Heart Lung Transplant 2018; 37:
1448–1458.

24. Ruhparwar A, Zubarevich A, Osswald A,
Raake PW, Kreusser MM, Grossekettler
L, Karck M, Schmack B. ECPELLA 2.0‐
Minimally invasive biventricular
groin‐free full mechanical circulatory
support with Impella 5.0/5.5 pump
and ProtekDuo cannula as a bridge‐to‐
bridge concept: A first‐in‐man method
description. J Card Surg 2019; 35:
195–199.

Results of a groin‐free temporary RVAD approach 2861

ESC Heart Failure 2020; 7: 2853–2861
DOI: 10.1002/ehf2.12888



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


