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size. Long-term durability of lung function as the present
patient grows remains a major unresolved issue and
life-long follow-up should be mandatory in such cases of
single-lobe LDLLT.
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Left Ventricular Decompression
During Peripheral Extracorporeal
Membrane Oxygenation Support
With the Use of the Novel iVAC
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Extracorporeal membrane oxygenation (ECMO) has
become a widely accepted short-term mechanical cir-
culatory support device in patients with refractory
cardiogenic shock. A major drawback of the peripheral
venoarterial extracorporeal membrane oxygenation is
that in patients with profoundly reduced left ventric-
ular contractility associated with high left-heart filling
pressure, there is always concern for venting the fail-
ing ventricle. We describe a minimally invasive tech-
nique for decompressing the left ventricle in this
setting using a novel pulsatile paracorporeal assist
device, the iVAC 3L (PulseCath, Groningen, The Neth-
erlands). It is implanted through the right axillary artery
and provides hemodynamic support while directly off-
loading the left ventricle.
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Over the last decades, extracorporeal membrane ox-
ygenation (ECMO) has become a widely accepted

hort-term mechanical circulatory support device in pa-
ients with refractory cardiogenic shock [1]. This may
tabilize circulation and provide adequate end-organ
erfusion. However, a major drawback of the peripheral
enoarterial (v-a) ECMO is that in patients with pro-
oundly reduced left ventricular (LV) contractility associ-
ted with high left-heart filling pressure there is always
oncern for venting the failing ventricle [2]. Although
ercutaneous approaches have been implemented, espe-
ially in the pediatric population, few options exist for
dult patients on peripheral ECMO.
Herein, we describe a technique for decompressing LV

n this setting using a novel pulsatile paracorporeal LV
ssist device (LVAD), the iVAC 3L (PulseCath, Gro-
ingen, The Netherlands). This device is a pulsatile
atheter pump which provides adequate mechanical
hort-term circulatory support in patients with postcar-
iotomy low cardiac output syndrome and in cases of
cute cardiogenic shock [3]. It consists of a 21F (6.9 mm)
exible polyurethane catheter with a single pivoting

eaflet at its tip. The tip of the catheter is inserted into the
V cavity, the 2-way valve is positioned in the aorta, and

he membrane pump is located outside the body (Fig 1).
he 2-way valve is designed to guide the blood in the
orrect direction. The valve consists of a tubular housing
nd 1 moving part (leaflet) that pivots around an axis (Fig
). The membrane pump has a blood chamber and an air
hamber, divided by a flexible membrane. The mem-
rane pump is activated by a standard intra-aortic bal-

oon pump (IABP) driver.

33-year-old patient presenting with cardiogenic shock
ue to acute anterior myocardial infarction underwent
mergent coronary angiography and subsequent surgical
evascularization for tight left main coronary disease.
espite maximum inotropic and IABP support, the pa-

ient remained on a low cardiac output state postopera-

Fig 1. Schematic view of the iVAC pulsatile ventricular assist device
(VAD) implanted through the right axillary artery with a subcla-
vicular incision. (1 � Membrane pump; 2 � 21F polyurethane cath-

eter; 3 � pivoting leaflet.)
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tively. On the first postoperative day, the iVAC LVAD
was implanted via an 8 mm vascular graft from the right
axillary artery. An angled pigtail catheter was inserted
over a guidewire through the aortic valve to the LV. The
device was then guided over the pigtail catheter until the
distal tip reached the cavity of the LV (Fig 1). Correct
positioning was confirmed with transesophageal echo-
cardiography. The membrane pump was primed with
heparinized saline. It was then connected to the connec-
tor of the catheter on 1 side and to the air line of an IABP
console (Arrow AutoCAT 2 WAVE IABP System, Arrow
International Inc, Boston, MA). Electrocardiographic trig-
gering was applied in a 1:1 mode. The timing of the IABP
driver was similar to standard IABP. Inflation was set at
the dicrotic notch, while deflation was set before the next
systole. The cardiac output was continuously monitored
through a Swan-Ganz catheter with the Vigilance II
monitor (Edwards Lifesciences LLC, Irvine, CA). On the
following day, after bleeding had stopped, continuous
heparin infusion was initiated with a target activated
clotting time of 160 to 200.

Besides an initial improvement, the patient’s condition
deteriorated by developing respiratory failure, refractory
pulmonary hypertension, and profound right ventricular
failure with hepatic venous congestion. On the fourth
postoperative day a v-a ECMO was implanted via the
femoral vessels for biventricular and respiratory support.
The iVAC device was kept in place in order to unload the
distended and severely failing LV. Left ventricular size
and function improved gradually as evidenced by trans-
esophageal echocardiography. Having given sufficient
time for the heart to recover from both the anterior
myocardial infarction and the myocardial postoperative
stunning, the patient was successfully weaned from both
devices on the 10th postoperative day on minimal ino-
tropic support. During the period of ECMO and LVAD
support, hemolysis was not significant (mean plasma free
hemoglobin levels: 100 mg/dL), while the platelet count

Fig 2. Cutaway schematic view of the aortic valve indicating proper
positioning and orientation of the 2-way valve with respect to the
native valve. Blood is aspirated to the membrane chamber, which is
located outside the body, during systole (black arrows) and returns
to the ascending aorta through the pivoting valve on diastole (gray
arrows).
was kept around 70,000/�L.
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The iVAC is a minimally invasive circulatory assist de-
vice that effectively generates up to 3 L/minute of cardiac
output. It is implanted through the right axillary artery
and it directly unloads the LV by active blood aspiration
during systole while it creates pulsatile flow into the
ascending aorta in diastole. The device is pneumatic and
it can be used with any standard IABP driver unit; thus,
no dedicated hardware or other equipment is necessary.
Considering that the membrane chamber can deliver
around 30 mL of blood with every pump, flow through
the device can be increased proportional to the heart rate
at a range from 60 to 120 bpm [4]. Side effects from its use
are mainly hemolysis, which is more evident within the first
2 days, and platelet consumption due to shear stress and
fragmentation; however, both are minimal and comparable
to other pulsatile devices. On the other hand, simplicity in
the insertion technique precluding sternal splitting as well
as the need for catheterization renders iVAC as a first-line
option in severe acute LV failure [3].

A common clinical scenario during peripheral v-a
CMO support for acute cardiogenic shock is LV disten-
ion. Increased wall stress leads to subendocardial isch-
mia, which jeopardizes myocardial recovery. In such
ircumstances, reducing the LV load may be of para-
ount importance. This may promote myocardial recov-

ry by decreasing myocardial oxygen consumption and
ubsequently preserves coronary blood flow. Different
echniques have been described for decompressing the
V during peripheral ECMO support, such as central
CMO cannulation for improved preload capture

hrough a full sternotomy, transapical LV venting
hrough a mini lower sternotomy or left thoracotomy, as
ell as atrial septostomy for decompressing the left

trium and reduce pulmonary congestion [5, 6]. How-
ver, these techniques are more invasive, complex, and
echnically demanding than the suggested iVAC use and
hey may add unnecessary morbidity in this high-risk
ohort of patients.

In conclusion, the iVAC is a minimally invasive
evice which requires a peripheral route for access, it

s easy to implant, and there is no need for additional
echnical equipment beyond a standard IABP driver
nit and a transesophageal echocardiography. Liter-
lly, it is a catheter-mounted transvalvular LVAD
hich may provide a marked hemodynamic improve-
ent by directly unloading the LV. Our case highlights

he potential use of this device for decompression of
he LV during peripheral v-a ECMO support and
epresents a novel strategy to optimize survival and
esource utilization.
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We describe a new surgical technique performed in a
heart-transplanted patient who underwent transcatheter
repair of combined ascending aortic pseudoaneurysm
and aortic arch aneurysm. The endografts were deployed
through a left ventricular transapical approach by using a
© 2011 by The Society of Thoracic Surgeons
Published by Elsevier Inc
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left mini-thoracotomy after previous debranching of the
brachiocephalic vessels.

(Ann Thorac Surg 2011;92:2259–62)
© 2011 by The Society of Thoracic Surgeons

Transcatheter repair of aortic arch aneurysms is a
well-defined procedure with consistent results [1, 2],

transcatheter repair of ascending aortic aneurysms [3, 4]
is seldom reported because of technical difficulties re-
lated to endograft deployment [5, 6]. We report a case of
a patient who underwent a heart transplant who had
transcatheter repair of combined ascending aortic pseu-
doaneurysm and aortic arch aneurysm through a left
ventricular transapical approach.

A 52-year-old patient with a previous heart transplant
was admitted to the hospital with an ascending aortic
pseudoaneurysm at the level of the end-to-end anasto-
mosis between donor and recipient aorta and an aortic
arch aneurysm. A 3-dimensional (3D) computed tomog-
raphy (CT) scan showed heavy calcification of the ab-
dominal aorta and severe stenosis of the iliacofemoral
vessels. The patient had moderate renal insufficiency
(creatinine 170 �mol/L) and, according to logistic Euro-
score, the operative risk was 37%.

A conventional open repair using cardiopulmonary
bypass, hypothermic circulatory arrest, and selective an-
tegrade cerebral perfusion was considered to be inappro-
priate for this patient because of significant comorbidi-
ties, renal failure, previous sternotomy, and the anatomic
characteristics of the aortic pathology. We planned a
novel strategy including extra-anatomic bypass of the
supra-aortic vessels followed by transcatheter repair us-

Accepted for publication May 13, 2011.
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Fig 1. Preoperative three-dimensional (3D)
computed tomography (CT) scan showing the
ascending aortic pseudoaneurysm and aortic
arch aneurysm (A) Left anterior lateral view;
(B) frontal view.
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