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Abstract

OBJECTIVE: Acute right ventricular (RV) failure is a life-threatening condition with a poor prognosis, and sometimes the use of mechan-
ical circulatory support is inevitable. In this article, we describe our experience using a centrifugal pump as a temporary percutaneous
right ventricular assist device (RVAD) in patients with postoperative acute refractory RV failure after left ventricular assist device (LVAD)
implantation.

METHODS: We retrospectively reviewed eight consecutive patients with acute RV failure who underwent temporary percutaneous
RVAD implantation using a centrifugal pump after LVAD implantation between April 2008 and February 2011. A Dacron graft was
attached to the main pulmonary artery and passed through a subxiphoid exit, where the outflow cannula was inserted. The inflow
cannula was percutaneously cannulated using Seldinger’s technique in the femoral vein. The chest was definitely closed. The technique
allowed bedside removal, avoiding chest re-opening.

RESULTS: The median patient age was 52 years (range: 41–58). The median duration of support was 14 days (range: 12–14). RV systolic
function improved; central venous pressure and mean pulmonary artery pressure decreased significantly after RVAD support. In three
patients, an oxygenator was integrated into the RVAD due to impaired pulmonary function. Six patients were successfully weaned. Five
patients survived to hospital discharge. Technical problems or serious complications concerning decannulation were not observed.

CONCLUSION: This report suggests that implantation of temporary percutaneous RVAD using a centrifugal pump is a safe alternative in
the treatment of postoperative acute refractory RV failure. Ease of device implantation, weaning, explantation, and limited number of
complications justify a liberal use.
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INTRODUCTION

Acute right ventricular (RV) failure is a serious complication that
frequently results in adverse outcomes with high mortality rate
that may reach 70%. It occurs in approximately 0.1% of patients
following conventional cardiac surgery, in 2–3% of patients fol-
lowing heart transplantation, and in 20–30% of patients requiring
left ventricular assist device (LVAD) insert [1–3]. Postcardiotomy
RV failure can be caused by prolonged cardioplegic arrest, inad-
equate myocardial protection and right coronary occlusion due
to coronary vasospasm, air embolization, and thrombus. In trans-
plant recipients, donor organ ischemia and preexistent or peri-
operative pulmonary hypertension mainly contribute to the
development of acute refractory RV failure. Many factors may
contribute to acute RV failure after LVAD insertion. During LVAD
support, unloading of the left ventricle causes a leftward shift of
the septum, and thus the interventricular balance is altered.

Furthermore, preexisting biventricular failure or RV dysfunction
with impaired RV geometry and moderate-to-severe tricuspid
valve incompetence together with intra-operative bleeding and
postoperative mismanagement are often factors contributing to
the onset of RV failure. This complication has increased with
both the expansion of the donor pool to include marginal
donors and the increasing use of LVADs as a bridge to trans-
plantation, unveiling a growing incidence of associated peri-
operative RV failure [1–6].
Although some patients recover successfully on medical right

heart supporting therapies, including inotropes, phosphodiester-
ase inhibitors, or inhaled nitric oxide, others require mechanical
circulatory support [3, 7]. The most effective therapy for these
patients is an upgrade to biventricular mechanical support.
However, it is well reco`gnized that primary as well as secondary
biventricular ventricular assist device implantation is associated
with higher mortality rates [8, 9].
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Patients with RV failure are extremely ill, require inotropic and
vasopressor support, and are coagulopathic due to hepatic con-
gestion. In addition, most cases of refractory RV failure require
short-term mechanical support. Hence, development of a quick
and simple means to support the pulmonary circulation during
periods of transient RV dysfunction is needed.

This article describes our successful experience in eight con-
secutive patients with postoperative acute RV failure after LVAD
implantation supported with a temporary percutaneous RVAD
using a centrifugal pump.

METHODS

After approval by the local Ethics committee, we retrospectively
reviewed eight patients with postoperative acute RV failure after
LVAD implantation (either the implantable INCOR or the para-
corporeal EXCOR, Berlin Heart, Berlin, Germany), who under-
went temporary percutaneous RVAD implantation using a
centrifugal pump between April 2008 and February 2011.

The indications for RV failure were determined clinically and
included inadequate cardiac output and systemic pressure
despite large doses of inotropes and vasopressor agents,
increased central venous pressure (CVP) and significant RV dys-
function seen by transesophageal echocardiography. The follow-
ing echocardiographic parameters were defined as predictors for
RV dysfunction after LVAD implantation: tricuspid valve incom-
petence, RV enddiastolic diameter (RVEDD) >35 mm, RV ejection
fraction (RVEF) <30%, and right atrial dimension >50 mm. The
same criteria were used by the Berlin group [10]. Variables ana-
lyzed included total time of RVAD support, hemodynamic para-
meters (mean pulmonary artery pressures, CVP, and cardiac
output), and parameters of endorgan perfusion (levels of serum
glutamic-oxaloacetic transaminase, serum glutamate pyruvate
transaminase, total and direct bilirubin, and serum creatinine).

Our patients were supported with a percutaneous RVAD. The
inflow cannula (23–25 Fr) was percutaneously cannulated in the
femoral vein using Seldinger’s technique. An 8-mm Dacron graft
(Vascutek-Gelweave, Inchinan, UK) was anastomosed end to side
to the main pulmonary artery with a 5/0 polypropylene running
suture using a Satinsky side clamp and passed through a subxi-
phoid exit, where the outflow cannula (21–23 Fr) was inserted.
The graft was tied tightly around the cannula outside the chest
with umbilical tapes and secured firmly to the chest wall with
multiple heavy sutures. For mechanical circulatory support, can-
nulae were connected to a centrifugal pump (Rotaflow, Maquet
CP, Hirrlingen, Germany). An integration of an oxygenator into
the RVAD was possible, when the pulmonary function was
impaired. The chest was definitely closed. As all blood contact
surfaces of the system were heparin coated with the BIOLINE
technique (Maquet CP), systemic anticoagulation could be kept
at a minimum. After 6 h without bleeding, we started anticoagu-
lation with heparin (activated partial thromboplastin time, aPTT
50–60 s), and we maintained this anticoagulation protocol until
RVAD explantation. Usually, 100 mg day−1 acetylsalicylic acid was
administered to inhibit platelet aggregation. After successful
treatment of the underlying respiratory disease, and when lung
function improved at moderate ventilator settings, oxygenator
was weaned. After an uneventful recovery, the RVAD was
weaned under echocardiography control and surveillance of
CVP and LVAD flow. RV recovery included improved RV systolic
function on echocardiography, no escalation of inotropic

support, maintenance of a low CVP (<15 mmHg), and return of
transaminases and creatinine to near-normal levels. Prior to ex-
plantation of the RVAD, its flow was decreased to 1 l min−1 and
the hemodynamic status reassessed. The pump lines were
clamped, and skin exit of the graft was widely prepared and
draped. Gentle traction on the graft allowed the redundant por-
tions from inside the chest to be exposed. The umbilical tapes
were cut and the cannula was removed. The graft was then
divided at the skin level and oversewn. By delivering the redun-
dant portion, the graft was sterile at the point of division. The
closed stump was allowed to retract into the oblique chest wall
track, and the skin incision was loosely closed. Removal of the
inflow femoral was simple with manual compression of the
groin.

Statistical analysis

The statistical analysis was performed using the SPSS 16.0 soft-
ware (SPSS, Chicago, IL, USA). Normal distribution was assessed
by Lilliefors modification of the Kolmogorow–Smirnow test.
Values of continuous data are presented as mean ± standard
deviation (SD) or as median with interquartile range when
appropriate. Categorical variables are displayed as frequency
distributions (n) and simple percentages (%).

RESULTS

Patient characteristics are given in Table 1. The RVAD cohort
consisted of two women and six men, with a median age was 52
years (range: 41–58). Acute RV failure developed after LVAD im-
plantation (either the implantable INCOR or the paracorporeal
EXCOR). In seven patients, the decision to proceed with device
implantation was made after unsuccessful attempts to wean from
cardiopulmonary bypass despite increased inotrope support.
Device implantation was delayed in one patient after hemo-
dynamic decompensation developed in the intensive care unit.
In two patients, intra-aortic balloon pump was used before
RVAD placement. In three patients, a percutaneous venoarterial
extracorporeal membrane oxygenation (ECMO) was used prior
to LVAD implantation. In the perioperative echocardiography
examinations, six patients showed moderate-to-severe tricuspid
valve incompetence. The postoperative mean blood loss was
600 ± 380 ml. The postoperative transfusion of packed red blood
cell (PRBC) was 2 units (range: 1–4) and of fresh frozen plasma

Table 1: Patient data, characteristics and outcome

No. Gender Age
(years)

Oxygenator Duration
(days)

Weaned Outcome

1 Male 61 – 13 + +
2 Male 31 – 16 – –

3 Male 42 – 14 – –

4 Female 52 + 3 + +
5 Male 58 – 15 + –

6 Male 51 + 7 + +
7 Male 38 + 14 + +
8 Female 58 – 13 + +
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(FFPs) was 3 units (range: 2–5). Supported by substitution of FFPs
and platelets, no postoperative exploration was required.

The median duration of RVAD support was 14 days (range:
12–14). In three patients, an oxygenator was integrated into the
RVAD due to impaired pulmonary function. The oxygenator
support duration was 6 days (3–8). Effective support with pump
flows of 2.9 ± 1.2 l min−1 was achieved in all patients. The LVAD
flow increased from 4.0 ± 0.2 l min−1 intra-operatively to 4.5 ±
0.5 l min−1 after RVAD support (p < 0.05) (Fig. 1).

Hemodynamic and echocardiographic parameters as mea-
sured at four different time points throughout RVAD support are
shown in Table 2. The mean pulmonary artery pressure
decreased from 42 ± 11 mmHg before implantation to 32 ±
12 mmHg on RVAD support and 26 ± 13 mmHg after RVAD
support (p < 0.05). The CVP similarly decreased from 29 ± 8 to
17 ± 8 mmHg on RVAD support and 11 ± 8 mmHg after RVAD
support (p < 0.05). Also, the cardiac output increased from 3.9 ±
0.8 to 5.4 ± 1.4 l min−1 after RVAD support (p < 0.05). In the
echocardiography examinations, progressive improvement of RV
function was documented. The RVEF increased from 24 ± 12% to
41 ± 8%, the RVEDD decreased from 39 ± 9 to 29 ± 9 mm, and
the right atrial dimension decreased from 54 ± 13 to 39 ± 10 mm
after RVAD support (p < 0.05). The parameters of end-organ per-
fusion decreased among the time points of RVAD support.

Six patients were successfully weaned from RVAD support, and
two patients died while on RVAD support. After removal of the
RVAD, no signs of right heart failure occurred. Causes of death
were multiorgan failure and intracerebral bleeding. Five patients
were discharged from the hospital. The cause of death in the
patient who was weaned successfully but eventually died was
multiorgan failure. In this patient, no signs of right heart failure
occurred after weaning. The duration between weaning and
death was 35 days after RVAD explantation.

The BIOLINE-coated Rotaflow pump is approved for 14 days. In
two cases, the support duration was more than 14 days.
Device-related complications that could not be controlled were not
observed; hence, an exchange of pump head was not necessary.
Other serious complications with an adverse effect on outcome
were not observed (vascular complications, cannula thrombosis,
bleeding, or hemolysis). Also, infections associated with the Dacron
prosthesis during or after support were not observed.

DISCUSSION

Implantation of LVAD as a bridge to recovery or transplantation
is a widely accepted treatment modality [8,11]. Despite the clin-
ical benefit of LVAD usage, RV failure after LVAD implantation
continues to be a serious complication with a poor prognosis
[12].
Standard therapy for severe right heart failure consists of

pharmacological inotropic support, volume unloading, and ap-
plication of pulmonary vasodilators (prostaglandin and nitric
oxide). When pharmacological agents are unable to improve RV
function, surgeons must rely on mechanical means to restore
blood flow to the pulmonary circulation and left ventricle.
Several devices have been evaluated for this indication. In the
early 1980s, pulmonary artery balloon pumps were used to
support the failing RV. Several authors have reported successfully
weaning patients off this treatment, when they presented with
acute refractory RV failure following routine cardiac surgical pro-
cedures [13,14]. The pulmonary artery balloon pump support is
best suited for a shorter duration in patients with up to a 50%
reduction in optimal RV performance. This method is unsuitable
for extended use and is not as reliable as the RVAD support [15].
Peripheral venoarterial ECMO for RV support is another alter-

native [3]. However, ECMO, although suitable for cardiopulmon-
ary support in some instances, does not unload the ventricles to
the degree possible with a ventricular assist device and has a
high rate of device-related complications (thromboembolism,
hemolysis, and bleeding) with increasing duration of support.
Most commercially available ECMO devices have drawbacks,
such as large priming requirements, lack of portability, and
device size [16].
The right atrium to pulmonary artery bypass using an ECMO

circuit or paracorporeal devices is a widely accepted modality.
Early in our experience, centrifugal pumps were used with open-
chest cannulation of the right atrium for venous return and of
the pulmonary artery for arterial outflow. The catheters were
brought through the chest wall through separate stab wounds.
The chest was covered but not closed. Reports in the literature
regarding the temporary use of the Levitronix CentriMag systems
as an RVAD for RV failure have described different findings. A
recently published multicenter study in which the CentriMag
system was used for RV support in a therapy for 38 patients
demonstrated a survival rate of 47%. The survival rate for the 12
patients with RV failure after LVAD implantation was 58% [17].
Bhama et al. reported similar results with a survival rate of 58%
in 12 patients with temporary RVAD using the CentriMag system
for RV failure after LVAD implantation [18]. By contrast, a report
by Shuhaiber et al. described the use of the CentriMag system in
five patients with RV failure after LVAD insertion with an early
mortality rate of 100% [19]. The disadvantage of this technique is
the reoperation to remove the right atrial and the pulmonary
artery cannulae with additional risk for bleeding, wound infec-
tion, and device contamination. Hence, the ideal device for pro-
viding RV support should be one that is easy to implant and
explant, provides adequate RV support, requires minimal antic-
oagulation, and is relatively inexpensive.
Previous reports have demonstrated the feasibility of minimal-

ly invasive RVAD insertion using different approaches. Cohn
et al. described RVAD implantation through vessel grafts with
bedside removal, while Minami et al. described cannulation of
the outflow graft through the right pulmonary artery between

Figure 1: The blood flow in the patients with left ventricular assist device
(LVAD) and temporary right ventricular assist device (RVAD).
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the ascending aorta and the superior vena cava using Seldinger
technique [20, 21]. Stepanenko et al. described implantation of
temporary RVAD via a left lateral thoracotomy [22]. The basic
idea of the transcutaneous RVAD via sternotomy was devised by
Strauch et al. in 2004 [23]. The concept was seen particularly
useful for patients with RV failure after LVAD implantation.

In this article, we describe our successful experience in eight
consecutive patients with postoperative acute RV failure after
LVAD implantation supported with a temporary percutaneous
RVAD using a centrifugal pump. Our cases are of particular inter-
est because the duration of RVAD support was relatively long (up
to 16 days) and also because the survival rate was high (75%) in
comparison with previously reported cases. An RV was recovered
to an extent that adequate cardiac output can be generated
despite significant RV dysfunction. Another advantage is that an
integration of an oxygenator into the RVAD was possible, when
perioperative an attempt to improve oxygenation with conven-
tional ventilation was undertaken.

Bleeding and infections are the most frequent complications
after RVAD and ECMO implantation [24, 25]. Most of the current-
ly available devices require full-dose systemic anticoagulation. By
contrast, our RVAD system (BIOLINE coating) runs with a
‘low-dose’ heparin infusion that does not exceed normal antith-
rombotic anticoagulation of the intensive care patient. Our ap-
proach diminishes the risk of bleeding, because this less invasive
technique does not require extensive dissection of cardiac adhe-
sions. During weaning from RVAD, the venous inflow cannula is
easy to remove; no right atrial manipulation is needed. The
outflow cannula is pulled out of the tube graft; the latter is
ligated and buried in the abdominal wall. The prosthesis can be
removed on further surgery as at the time of transplantation.
The technique allowed bedside removal, avoiding chest
re-opening. In our cases, none of the typical complications
related to RVAD, such as cannula thrombosis, bleeding, or hem-
olysis, was observed. Also, infections associated with the Dacron
prosthesis during or after support were not observed.

Although the device is licensed for only 14 days of continuous
use, device-related complications that could not be controlled
were not observed. Hence, an exchange of pump head was not
necessary.

Nevertheless, our report has some limitations. The retrospect-
ive data collection is a major limitation. The report is a single-
center experience and the number of patients is small.

In conclusion, our experience suggests that with a short
period of mechanical support, bridge to recovery can be accom-
plished in a substantial number of patients with postoperative
acute RV failure after LVAD implantation. We believe that, in

many instances, the RV will recover to an extent that adequate
cardiac output can be generated. Also, this report suggests that
implantation of temporary percutaneous RVAD is a safe alterna-
tive in the treatment of postoperative acute refractory RV failure.
The ease of device implantation, weaning, explantation, low
need for anticoagulation, and limited number of complications
justify a liberal use.
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