ADULT: MECHANICAL CIRCULATORY SUPPORT: SURGICAL TECHNIQUE

Temporary extracorporeal left ventricular support with
transapical ProtekDuo cannula
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A ProtekDuo cannula is placed through the LV apex
to provide left-sided support.
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Patients with advanced heart failure presenting with cardio-
genic shock often require temporary mechanical circulatory
support (tMCS) to preserve and recover end-organ function
when medical therapy is inadequate. Extracorporeal mem-
brane oxygenation (ECMO) is a modality of tMCS being
used with increased frequency in these critically ill patients,
specifically the Interagency Registry for Mechanically
Assisted Circulatory Support (INTERMACS) profile 1
phenotype.’ Peripheral insertion of venoarterial ECMO is
expeditious and can provide adequate hemodynamic sup-
port to allow for end-organ stabilization or recovery. Unfor-
tunately, ECMO as tMCS in refractory cardiogenic shock is
not without complications, including vascular access prob-
lems, bleeding, and worsening left ventricle (LV) distention
and pulmonary edema.' We present the following case of a
patient with advanced heart failure with refractory cardio-
genic shock in need of tMCS as a bridge to decision. A
seldom-reported technique of temporary left-sided support
using a dual-lumen, single-access site cannula was chosen
in this patient with significant aortic valve pathology. This
report has been deemed as exempt human research by
The Ohio State University Office of Responsible Research
Practices Institutional Review Board with waiver of need
for consent.

CASE REVIEW AND TECHNIQUE

A 51-year-old male patient with a history of ischemic
cardiomyopathy, heart failure with reduced ejection frac-
tion (New York Heart Association IV, stage D), and coro-
nary artery disease developed cardiogenic shock. He had
undergone coronary artery bypass grafting 16 years ago
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Temporary left-sided support
using a dual-lumen, single-access
site cannula provides excellent
hemodynamics, end-organ re-
covery, and mobility in patients
with significant aortic valve
pathology.

See Commentary on page 8o.

and repeat coronary artery bypass grafting 7 years there-
after. Echocardiography showed severely reduced left
ventricular function with an ejection fraction of 10%,
moderate-to-severe aortic regurgitation (AR), and moderate
aortic stenosis (Figure 1). He was initiated on dual-inotrope
and diuretic therapies with initial improvement in end-
organ function. On hospital day 3, he acutely decompen-
sated with refractory hypotension associated with
worsening renal function and rising lactate levels despite
escalating medical management. We elected to insert a
transapical ProtekDuo cannula (LivaNova PLC, London,
United Kingdom) for temporary left-sided support due to
his moderate-to-severe AR, as peripheral ECMO and other
tMCS devices were contraindicated.

Technique

1. As our patient had acutely decompensated, was on mul-
tiple inotropes, in cardiogenic shock, INTERMACS
level 1, and had previous cardiac surgery, we decided
for acute temporary mechanical support to bridge to
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FIGURE 1. A, Preoperative chest radiograph showing cardiomegaly and increased pulmonary vascular markings. A pulmonary artery catheter is in place.
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Sternal wires are present from previous coronary revascularization. B, Preoperative transesophageal echocardiogram with color flow Doppler showing a
tricuspid aortic valve with moderate-to-severe aortic insufficiency and moderate aortic stenosis.

decision of candidacy for durable left ventricular assist
device. He was brought to the hybrid operating theater
and a transesophageal echocardiography (TEE) probe
was inserted.

2. We made a left anterolateral minithoracotomy in the fifth
intercostal space. After the thoracotomy, we gained ac-
cess to the LV by incising the pericardium overlying
the LV apex. Three concentric #2 pledgeted Ti-Cron su-
tures (Medtronic, Minneapolis, Minn) were placed
around the dimple of the apex, avoiding the left anterior
descending coronary artery, which was supplied by a
patent vein graft on the preoperative angiogram. Intrave-
nous systemic anticoagulation of unfractionated heparin
was administered to ensure an activated clotting time in
excess of 250 seconds.

3. Using TEE guidance, an 18-gauge introducer needle was
placed into the left ventricular cavity through the pledg-
eted sutures in the apex. A 0.035 guidewire was
advanced through the aortic valve and positioned in
the descending thoracic aorta using fluoroscopy and
TEE. The wire was inserted through the LV apex and
across the valve into the descending thoracic aorta
directly. There was no exchange catheter or additional
wire used.

4. We employed a modified Seldinger technique to serially
dilate the apex before advancing the 31-F ProtekDuo
cannula through the intercostal space below the thora-
cotomy incision. The ProtekDuo was place in through
the intercostal space below through a separate
incision to facilitate hemostasis and secure closure of
the thoracotomy and minimize any potential of cannula
impingement. The cannula was positioned with the

inflow in the LV and the outflow lumen in the descending
thoracic aorta. The pledgeted Ti-Cron sutures were tight-
ened and secured (Figure 2). Additional sutures and a
Hollister horizontal drain attachment device (Hollister
Inc, Libertyville, I1l) secured the cannula to the skin.

5. The cannula was deaired and connected to a CentriMag
pump (Abbott, Abbott Park, Ill). The pump speed was
increased under TEE guidance, and we evaluated the
inflow port position in the LV cavity, LV decompression,
and right ventricular function. The device had a flow of
4.5 liters per minute at 4100 rpm with no AV opening and
moderate residual AR. The residual AR did not
contribute to any significant mixing, and the LV was
well decompressed.

DISCUSSION

In this case, we describe the use of a single-site, dual-
lumen ProtekDuo cannula inserted though the LV apex to
provide temporary left-sided support in a patient designated
as INTERMACS profile 1. The cannula was placed through
a left anterolateral minithoracotomy with the aid of TEE
and fluoroscopy. It provided excellent hemodynamic sup-
port without hemolysis or insertion-site bleeding and al-
lowed for end-organ recovery. The goal for this patient
was a durable LVAD, as he had a recent history of smoking.
We have found that the anticoagulation profile of Centri-
Mag pumps and the Protek Duo (in right ventricular support
applications) is very favorable. The activated partial throm-
boplastin time needed is low and adverse bleeding events
and rates are very low. Hemolysis is negligible. The patient
was progressing in the hospital, including ambulating and
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FIGURE 2. A, Intraoperative fluoroscopy after placement of the ProtekDuo cannula through the LV apex through a left anterolateral minithoracotomy
incision. Radiologic markers denote the inflow ports positioned in the LV cavity (white arrow) and outflow port positioned in the descending thoracic aorta
(black arrow). B, Postoperative chest radiograph. C, Line drawling of pledgeted sutures in the LV apex and dilation of apex using modified Seldinger tech-
nique. The guidewire was positioned in the descending thoracic aorta under fluoroscopy. D, Line drawling showing transapical 31-F ProtekDuo cannula
tunneled in the interspace below the thoracotomy incision. The pledgeted sutures are tightened with tourniquets (not shown) to secure the cannula and pro-

vide hemostasis. The cannula was secured to the skin with suture (not shown).

working with a physical therapist, but unfortunately sus-
tained a hemorrhagic stroke after 26 days of tMCS support.
Ultimately, he did not survive this hospitalization.

A similar technique was described by Khalpey and col-
leagues” in which separate left- and right-sided ProtekDuo
cannulas were used to provide biventricular support. Unlike
this previous report, we did not modify the distal portion of
the left-sided cannula and positioned the outflow port in the
descending thoracic aorta. Our patient’s history of previous
sternotomy and redo sternotomy eliminated central ECMO
as a possibility. In addition, his moderate-to-severe aortic
insufficiency was a contraindication to peripheral ECMO
without LV unloading. Under these circumstances, we
choose this method over other tMCS options, such as Im-
pella (Abiomed, Inc, Danvers, Mass) or Impella with pe-
ripheral ECMO for several reasons. First, with his aortic
pathology, we thought axillary Impella could be more diffi-
cult to insert with significant AR and aortic stenosis. The
transapical ProtekDuo allowed antegrade placement
through the aortic valve with relatively easy positioning
of the inflow and outflow ports. With his AR, we thought
the ProtekDuo cannula might offload the ventricle more
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efficiently than Impella. We have experienced hemolysis
with Impella, particularly at greater flow settings, which
may have been needed with significant AR. In a recent
report by Chung and colleagues,’ significant hemolysis
occurred in 13% to 26% of patients supported with axillary
Impella support for decompensated heart failure. Lastly, we
hoped to eliminate the potential vascular complications
while simultaneously providing support that enables ambu-
lation with this technique. The use of hybrid implantation
techniques and alternative cannulation strategies enable
tMCS as a bridge to decision in patients with severe aortic
valve pathology with an increasing emphasis on mobiliza-
tion to facilitate determination of candidacy for durable
advanced therapies.

The authors recognize Anthony S. Baker, CMI, for his excep-
tional contribution in providing the medical illustrations for the
manuscript.
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