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Abstract

Severe acute isolated right ventricular failure has limited dedicated percutaneous temporary mechanical circulatory support
options, especially after orthotopic heart transplantation. The advent of the Impella RP device provides a newer option,
though an absolute contraindication to device placement is thrombus within the right heart. We present a novel case where
catheter‐based embolectomy was used to evacuate right heart thrombus before Impella RP placement in a patient with severe
acute right ventricular failure due to primary graft dysfunction after orthotopic heart transplantation.
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Introduction

Primary graft dysfunction (PGD) is the leading cause of 30 day
mortality after orthotopic heart transplantation (OHT).1 Iso-
lated right ventricular (RV) failure due to PGD when left ven-
tricular (LV) function is preserved is challenging due to limited
available options for dedicated percutaneous RV temporary
mechanical circulatory support (MCS). One option is the
Tandem Heart RV assist device, essentially a strategy of
veno‐venous extracorporeal membrane oxygenation (ECMO)
commonly using the Tandem Protek Duo cannula (LivaNova,
London, UK). This 29F or 31F system consists of a
dual‐lumen cannula with inflow consisting of a series of vents
within the superior vena cava and right atrium (RA). The in-
flow drains blood into an extracorporeal centrifugal pump be-
fore flowing through a second lumen serving as the outflow
cannula to the proximal segment of the main pulmonary
artery. Food and Drug Administration approval of the Impella
RP device (Abiomed, Danvers, MA, USA) provides another
percutaneous option—a 22F intracorporeal axial motor
mounted on an 11F catheter that propels blood from inflow
in the RA to outflow in the main pulmonary artery.2

An absolute contraindication to Impella RP placement is
thrombus within the inferior vena cava (IVC)/RA due to risk
for pump failure from obstructing inflow, as well as
thrombo‐embolic complications. This concern also theoreti-
cally extends to the Tandem Protek Duo, especially with
respect to circuit/oxygenator obstruction or malfunction
from thrombus entering through the inflow cannula. Herein,
we present a case of a patient after OHT with isolated severe
RV‐PGD who was found to have multiple mobile right heart
thrombi (RHT). In order to facilitate placement of the Impella
RP, catheter‐based embolectomy (CBE) was performed using
the AngioVac (AngioDynamics, Latham, NY, USA) system.

Case report

The patient is a 38‐year‐old man with a history of
non‐ischaemic cardiomyopathy secondary to viral myocarditis
with an ejection fraction (EF) by transthoracic echocardiogra-
phy estimated to be 10–15%. The patient’s heart failure be-
came progressively refractory to maximal medical therapy
and cardiac re‐synchronization therapy for concurrent left
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bundle branch block, leading to LV assist device implantation
as a bridge‐to‐transplant strategy. At the time of his LV assist
device implantation, the RV was noted to be moderately di-
lated with mildly reduced systolic function. The patient
underwent OHT approximately 8 months later.

Within 24 hours after OHT, the patient had persistently
high vasopressor requirements concerning for acute
biventricular graft dysfunction necessitating urgent
veno‐arterial ECMO cannulation. Transoesophageal echocar-
diogram (TEE) revealed thrombus surrounding the LV laterally
and inferiorly. In addition, the RV was noted to have severely
reduced systolic function and appeared to be compressed
during diastole. Because of concern for haemodynamically sig-
nificant tamponade physiology, the patient was emergently
taken back to the operating room for mediastinal exploration
and washout. TEE post‐operatively demonstrated improve-
ment in LVEF to 40% and adequate RV decompression. Acute
anti‐rejection therapies including anti‐thymocyte globulin and
high doses of intravenous methylprednisolone were initiated
in addition to continued therapy with mycophenolate mofetil
and tacrolimus. Retrospective donor‐specific cross‐match was
negative, and no donor‐specific antibodies were identified.
Endomyocardial biopsy was negative for acute cellular or
antibody‐mediated rejection. In the ensuing 3–4 days, lower
pressor requirements and overall clinical stability led to
veno‐arterial ECMO decannulation.

On post‐operative Day 4, the patient again began to have
escalating vasopressor requirements. TEE revealed improving
LV function with an estimated EF of 70% and no evidence for
pericardial effusion. However, severe RV systolic dysfunction
was noted concerning for RV‐PGD. In addition, new severe
tricuspid regurgitation with systolic hepatic venous flow re-
versal and new multiple mobile thrombi at the IVC–RA junc-
tion were discovered without evidence of pulmonary
embolism (PE; Figure 1A). The patient became progressively
oliguric necessitating renal replacement therapy and had
worsening markers of end‐organ perfusion including rising
lactic acid levels and liver function tests despite escalations

in vasopressor doses. Consequently, multidisciplinary discus-
sions took place between interventional cardiology, advanced
heart failure, and cardiothoracic surgery in order to discuss
optimal MCS treatment options.

A major concern was the potential for complications due
to the large IVC–RA thrombus burden with any form of
MCS. Systemic or catheter‐directed pharmacologic thrombol-
ysis was deemed too high risk for life‐threatening haemor-
rhage especially in the context of recent OHT and surgical
re‐exploration for haemorrhagic pericardial effusion causing
tamponade physiology. For the same reasons, open surgical
reoperation for thrombus extraction was also deemed high
risk. Thus, CBE for thrombotic burden debulking prior to ded-
icated RV MCS placement was considered the lowest risk
available option. Given concomitant concern for internal jug-
ular venous thrombi, the Impella RP system was utilized as
the dedicated percutaneous RV MCS option utilizing the right
common femoral vein.

Catheter‐based embolectomy was performed utilizing the
AngioVac device followed by Impella RP placement under
fluoroscopic and TEE guidance. The AngioVac system is a
veno‐venous extracorporeal circuit with a centrifugal pump
and thrombus filter. After RHT is aspirated, it is filtered and
trapped within a reservoir. The filtered blood can be trans-
fused back to the patient to avoid excess blood loss. Large
bore (26 Fr) access was obtained in the left femoral vein for
aspiration cannula placement and 17 Fr access in the right
common femoral vein for the cannula for blood return. After
systemic heparinization with activated clotting time greater
than 250 s, the AngioVac catheter was advanced over a wire
into the IVC, and the circuit was connected and de‐aired. The
circuit was turned on with flow 2–3 L/min at about 3000–
4000 rpm. The petals were opened, and several passes into
the RA (Figure 1B) were performed with thrombus captured
within the filtered reservoir. The AngioVac device was subse-
quently removed, and the blood remaining in the circuit was
returned to the patient. The 17 Fr AngioVac return cannula
was removed over an extra stiff guidewire and exchanged

FIGURE 1 Transoesophageal echocardiogram images depicting (A) modified dedicated inferior vena cava–right atrium view showing multiple mobile
thrombi and (B) mid‐oesophageal four‐chamber view showing the AngioVac device within the right atrium.
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for the Impella RP sheath. Then, the Impella RP device was
inserted in the usual fashion (Figure 2). Large pieces of orga-
nized thrombus (Figure 3) were collected and confirmed on
pathologic examination from the AngioVac system.

After Impella RP insertion, the patient had improving lactic
acid levels and liver function tests with decreasing require-
ments of vasoactive medications. Serial transthoracic echo-
cardiography showed improvement in RV function that
ultimately led to Impella RP removal 4 days later. The pa-
tient’s RV function continued to improve as vasopressor sup-
port was ultimately weaned completely. The patient had
complete renal recovery and was discharged 1 month later
to rehabilitation without complication and is doing well now
more than 2 years after OHT.

Discussion

We present a case of severe RV‐PGD after OHT complicated
by significant RHT. These patients are critically ill, and RHT
can preclude the use of available percutaneous haemody-
namic support devices. The Impella RP is placed with the in-
flow just below the junction of the IVC and RA. In this
particular case, serial imaging clearly demonstrated multiple
mobile thrombi within the RA/IVC junction. We performed
CBE with the AngioVac system to decrease thrombotic bur-
den sufficiently to avoid potential complications prior to plac-
ing dedicated RV MCS. This situation may be uncommon, but
advanced imaging is not always performed before MCS place-
ment, and imaging may be insensitive. Thus, RHT may also be
under‐recognized as a potential mechanism of device failure.
In the MAUDE database report of 35 Impella RP complica-
tions, 17% of device failures were related to thrombus.3

When considering therapeutic strategies for RHT not
related to PE, treatment options include systemic
anticoagulation, systemic or catheter‐directed pharmacologic
thrombolysis, and open surgical or catheter‐based mechanical
embolectomy. In the setting of cardiogenic shock and

haemodynamic instability, systemic anticoagulation is not an
effective strategy. When systemic or catheter‐directed phar-
macologic thrombolysis and open surgical embolectomy are
too high risk, as in this case, CBE can be considered. Random-
ized studies comparing the efficacy of various CBE devices for
RHT are lacking. A single‐centre experience utilizing the
AngioVac system across the contexts of PE, RHT, and iliocaval
thrombus demonstrated a 60% complete success rate and
20% partial success rate.4 FLARE, a single‐arm study evaluat-
ing the FlowTriever System (Inari Medical, Irvine, CA, USA),
demonstrated a reduction in RV/LV ratio by 0.39 48 h after
the procedure; however, this study was in PE and not PE com-
plicated by RHT.5

When contemplating percutaneous dedicated RV MCS op-
tions, the Tandem Protek Duo and Impella RP each offer cer-
tain unique advantages and disadvantages. Both offer the
convenience of a single venous access site. The Tandem

FIGURE 2 Fluoroscopic images (A) prior to and (B) after Impella RP placement.

FIGURE 3 Photograph of the aspirated thrombotic material at the con-
clusion of the procedure.
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Protek Duo offers the ability to splice an oxygenator within
the circuit to address hypoxaemia and a lower risk of infec-
tion utilizing internal jugular as opposed to femoral venous
access. However, the larger 29F–31F cannula increases the
risk of access site complications and bleeding, while the
Impella RP’s peel‐away 23F sheath can be replaced with a
staged 11F–23F repositioning sheath. The Tandem Protek
Duo being an extracorporeal circuit mandatorily increases
the distance blood has to travel between inflow and outflow,
increasing the risk of thrombus formation and/or chance of
mechanical issues such as inadvertent tubing compression.
The main disadvantages of the Impella RP are the inability
to add an oxygenator and haemolysis from the axial impeller
mechanism of its motor.

There are limited data overall in temporary MCS for RV fail-
ure after OHT. THRIVE was a retrospective study of 46 pa-
tients across various post‐surgical settings examining the
utility of the Tandem Heart RV assist device in post‐surgical
RV failure. Despite improved overall haemodynamic parame-
ters, overall in‐hospital mortality was high at 57%. Only five
of the patients were post‐OHT with an in‐hospital mortality
of 40%.6 The RECOVER RIGHT trial was a prospective study
examining the Impella RP in 30 isolated RV failure patients.7

These data also showed improvement in haemodynamic

parameters with a 30 day survival of 73.3%. The limitation
again in this cohort is post‐OHT representation: only five pa-
tients were post‐OHT and were analysed as part of a larger,
heterogenous cohort consisting of mainly post‐myocardial in-
farction and post‐cardiotomy patients.

In conclusion, this case demonstrates a unique approach of
using CBE for multiple RA/IVC thrombi using the AngioVac
system to allow safe percutaneous dedicated RV MCS place-
ment. We also highlight the use of the Impella RP device as
a potentially effective temporary MCS option in RV‐PGD after
OHT, though further data in this particular context are
needed.
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