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Extracorporeal
Membrane Oxygenation

Using the TandemHeart System's Catheters

We describe the initial—and successful—use of the TandemHeart System’s catheters to
provide extracorporeal membrane oxygenation (ECMOQO), in 2 patients. In 1 patient, who was
experiencing severe primary respiratory failure, the catheters provided a standard veno-
venous ECMO circuit. In the other patient, who had severe, acute pulmonary hyperten-
sion and right-heart failure, the catheters enabled a novel right atrial-to-left atrial circuit for
ECMO. We discuss the potential of the TandemHeart System'’s catheters to provide novel
and possibly superior vascular routes for the delivery of ECMO in different types of cardio-
pulmonary failure. (Tex Heart Inst J 2009;36(4):337-41)

xtracorporeal membrane oxygenation (ECMO) first came into wide clinical use

as a tool to enable open-heart surgery through cardiopulmonary bypass (CPB)

in the 1960s."* By the 1970s, there was hope that ECMO technology could pro-
vide effective temporary oxygenation in patients who had a major, yet reversible, lung
injury but in whom mechanical ventilation was not completely effective.’ A generation
later, ECMO technology is a well-established, widely used method of support in neo-
natal and pediatric patients who experience severe respiratory failure.* In contrast, prog-
ress in the application of ECMO to improve outcomes of respiratory failure in adults
has been much slower. A large National Institutes of Health-sponsored trial of ECMO
use in severe respiratory failure of various causes’ failed to show a benefit and thereby
dampened enthusiasm for this application for more than a decade. New technology
and implementation methods, however, have reinvigorated interest in the use of ECMO
when severe respiratory failure occurs in adults.®” Indeed, data from the recently com-
pleted, large, prospective CESAR trial suggest that ECMO may already be of great use-
fulness in patients who are experiencing severe respiratory failure.*"

There have also been encouraging reports of the successful use of ECMO to support
patients who are experiencing acute right-heart failure," acute refractory left-heart fail-
ure,"” postcardiotomy heart failure,” prolonged cardiac arrest," and postoperative car-
diogenic shock.” In these circumstances, ECMO has served temporarily (sometimes
along with mechanical hemodynamic support) until heart recovery, or as a bridge to
heart transplantation, heart-lung transplantation, or the placement of a left ventricu-
lar (LV) assist device.

The TandemHeart® PTVA® System (CardiacAssist, Inc.; Pittsburgh, Pa) is a new,
percutaneously placed, ventricular assist device that has proved to be effective in the
short-term management of acute heart failure.” The system features innovative vascular-
access catheters that enable a minimally invasive approach to mechanical LV assistance.
We report here the 1st experience of using these catheters to perform ECMO, in 2
patients. One patient had severe primary respiratory failure, and the other had respi-
ratory failure and right-heart failure caused by severe pulmonary hypertension. The
TandemHeart catheters were placed in different intravascular locations in each patient.
Our experience suggests that the TandemHeart catheter system can offer innovative
and superior options for ECMO delivery to different populations of patients who ex-
perience cardiopulmonary failure.

Case Reports

Patient 1

In February 2006, a 59-year-old woman presented with cough and progressive dys-
pnea of 2 weeks’ duration. Her medical history was notable only for mild hyperten-
sion. Laboratory tests, including multiple serologic studies, revealed nothing unusual.
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The only abnormality upon physical examination was
diffuse inspiratory crackles, most pronounced at the
lung bases. Figure 1 shows the chest radiograph and
computed tomogram upon presentation. The patient
was initially diagnosed with pneumonia, but when
empiric antibiotics led to no improvement, she under-
went bronchoscopy with bronchoalveolar lavage and
transbronchial biopsy. Because these procedures failed
to yield a microbiologic or other clear diagnosis, she un-
derwent a video-assisted thoracoscopic lung biopsy. The
result of the biopsy showed classical signs of chronic or-
ganizing pneumonia (Fig. 2).

Chronic organizing pneumonia is a primary inflam-
matory disease of the lungs. In most patients, it fully re-
sponds to steroidal therapy.” Accordingly, as soon as the
biopsy report became available, our patient was start-
ed on high-dose intravenous steroidal agents (methyl-
prednisone, 1 g/day) on the Ist postoperative day, while
she was still undergoing mechanical ventilation. How-
ever, despite the steroids and maximal ventilator sup-

[ SO
Fig. 1 Patient 1. A) Chest radiograph and B) illustrative section
from chest computed tomogram show pneumonia.
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Fig. 2 Patient 1. A) Low-power (H & E, orig. x4) and B) high-
power (H & E, orig. x40) histograms of a lung biopsy show
classical findings of chronic organizing pneumonia.

port, her oxygenation progressively worsened over the
next 24 hours: analysis of arterial blood gases showed
a partial pressure of oxygen of 39 mmHg. The decision
was made to place the patient on ECMO as the only vi-
able way to achieve adequate oxygenation, and with the
expectation that the pneumonia would respond to the
steroids, given enough time.

The patient was taken to the cardiac catheterization
laboratory, where the TandemHeart System’s catheters
would be used to provide a circuit for ECMO. A 25F
cannula was placed into the patient’s inferior vena cava
(IVC) percutaneously through the left femoral vein, to
provide inflow to the ECMO device. A 21F cannula was
placed via the right femoral vein into the right atrium
in order to provide outflow from the ECMO device to
the patient. A Jostra QUADROX oxygenator (Maquet Car-
diopulmonary AG; Hirrlingen, Germany) with a Bio-
Medicus® pump (Medtronic, Inc.; Minneapolis, Minn)
provided the ECMO. The patient was initially placed

on venovenous ECMO at a flow rate of 4.5 L/min. Im-
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mediately after initiation, this intervention resulted in a
dramatic improvement in gas exchange.

The patient required ECMO support for 12 days. She
experienced the common complications of ECMO, in-
cluding some minor bleeding from the cannula sites.
After a 2-month stay, the patient was discharged from the
hospital on room air with a clear chest radiograph and
no apparent neurologic or other organ dysfunction. At
3 years of follow-up, she was doing well, without evident
recurrence of pneumonia.

Patient 2

In June 2006, a 40-year-old man presented at another
facility with progressive dyspnea of 6 weeks’ duration.
He had no relevant medical history. His physical exami-
nation was unremarkable except for jugular venous
distention and a split pulmonic 2nd sound. Upon aus-
cultation, his lungs were clear. Laboratory data were
noteworthy for an oxygen saturation of 90% on room
air and a hemoglobin level of 17.1 g/dL. The patient’s
chest radiograph showed clear lung fields; however,
computed tomography showed large filling defects of
the proximal right and left pulmonary arteries (Fig. 3).
The diagnosis was pulmonary embolism, and he was

Fig. 3 Patient 2. Chest computed tomograms show large
proximal right and left pulmonary artery filling defects, which
were initially thought to reflect pulmonary emboli.
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admitted to that hospital for anticoagulation with hep-
arin. After a few days, he was discharged with instruc-
tions to take warfarin.

The patient soon returned to the emergency room be-
cause of syncope and worsening shortness of breath.
Computed tomography showed no improvement or
worsening of the pulmonary artery filling defects. The
medical therapy apparently having failed, he was trans-
ferred to our institution for thromboendarterectomy.
Preoperative transesophageal echocardiography was
performed in order to evaluate the embolism and its
consequent hemodynamic effects. The imaging showed
a moderately dilated right atrium and right ventricle,
and systolic pulmonary artery pressure was estimated to
be at least 60 mmHg.

Thromboendarterectomy was performed in the stan-
dard fashion, apparently successfully, with use of tra-
ditional CPB. However, the patient’s postprocedural
weaning from CPB was complicated by severe pulmo-
nary hypertension, right ventricular dilation, and righe
heart failure of such severity as to cause cardiac output
insufficiency. Pharmacologic interventions did not re-
duce right ventricular afterload sufficiently to enable LV
filling. Therefore, ECMO support was planned. Under
fluoroscopy, a 21F TandemHeart cannula was placed
into the patient’s left atrium, and a previously placed
28F bicaval cannula was used for the inflow—consti-
tuting a novel right atrial-oxygenator—left atrial ECMO
circuit.

The ECMO circuit provided very effective systemic
oxygenation for 8 days. However, the patient’s pulmo-
nary artery hypertension never improved. Histopath-
ologic evaluation of the endarterectomy specimen
revealed his pulmonary artery obstruction to be a myx-
oid leiomyosarcoma arising from the pulmonary artery.
The application for heart—lung transplantation was de-
nied because of the neoplasm. Consequently, the pa-

tient’s family requested that support be withdrawn, and
he died.

Discussion

We have reported the initial and successful use of the
TandemHeart System’s catheters to provide vascular ac-
cess for ECMO, in 2 different clinical situations. The
catheters’ initial deployment was to provide convention-
al venovenous ECMO support in primary respiratory
failure. Having facilitated effective support in that cir-
cumstance, the catheters were then used—via a novel
vascular circuit—to provide ECMO for a patient who
was experiencing severe pulmonary hypertension and
right-heart failure. In this patient, the catheter system
provided inflow to the oxygenator through a right atri-
al catheter and outflow to the left atrium, thereby by-
passing the pulmonary vascular bed. In comparison
with the usual standards of systemic oxygenation, this
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approach was very successful. It may even be that pro-
viding well-oxygenated blood to an intact LV, as we
achieved in this case, enables a more physiologic sys-
temic oxygen delivery than other recently used routes
of ECMO support in right-heart failure (whereby oxy-
genated blood is delivered by catheter to the proximal
aorta). In left-heart failure, we further hypothesize that
the TandemHeart’s catheters could be configured to
provide inflow to ECMO through a left atrial cathe-
ter, with outflow through an aortic catheter. Such an
approach has a theoretical advantage over the current,
standard, venoarterial method of delivering ECMO in
these patients: unloading the LV, and thereby in some
circumstances promoting ventricular recovery.

The TandemHeart System is a relatively new, percu-
taneously placed device for temporary LV support.”® The
system aspirates blood from the left heart via a femoral
venous catheter that is introduced into the left atrium
through a fluoroscopically guided transatrial septal per-
foration. This blood is pumped back into the proximal
aorta by another catheter that is introduced through the
femoral artery. The TandemHeart has been successful-
ly used in cases of cardiogenic shock and during high-
risk coronary interventions.

Patient 1 experienced chronic organizing pneumonia,
an idiopathic primary inflammatory disease of the lung.”
Steroids, the primary treatment for this disorder, effect
resolution in 70% to 80% of cases; however, response
often takes days. By the time we had reached the diagno-
sis of chronic organizing pneumonia in this patient, the
disease had become so severe that adequate oxygenation
could not be attained, even with the use of sophisticated
mechanical ventilation techniques. We reasoned that
the patient’s chance of a good outcome was high if we
could support her via ECMO through the acute period
until steroidal therapy reversed the pneumonia. We used
the TandemHeart catheters to provide a venous (IVC)—
oxygenator—venous (right atrial) circuit, following the
protocol of recent reports of ECMO’s success in respi-
ratory failure.*” A large trial’ of ECMO in adults in the
1970s used a venous—oxygenator—arterial circuit, follow-
ing the protocol for CPB of that time. Notably, the high
airway-pressure style of mechanical ventilation that was
routinely used in the 1970s was continued throughout
the duration of ECMO for patients in that study. Pa-
tient survival in that series was only around 10%. Re-
cent trials of ECMO in primary respiratory failure have
used venovenous circuits, either from the femoral vein to
the IVC or from the right atrium to the IVC.* Over the
past several years, protocols for ECMO have also incor-
porated a “lung-rest strategy,” which is now thought to
be crucial in order to minimize ventilator-induced lung
trauma and consequently to enable recovery from acute
lung injury.” Reports of success from these trials suggest
that ECMO is a viable and effective method of support
in reversible lung injury that is complicated by refracto-
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ry hypoxemia.*" We have shown that the TandemHeart
System can provide effective vascular access and conduits
for ECMO in this circumstance.

Patient 2 had severe pulmonary hypertension that
caused respiratory failure and rightheart decompensa-
tion after pulmonary endarterectomy. There are several
prior reports of successful temporary ECMO use in se-
vere pulmonary hypertension that had been caused by a
variety of conditions, including chronic pulmonary em-
boli,?' progression of primary pulmonary hypertension
(as a bridge to transplantation), and acute right-heart
failure that is associated with heart transplantation.”
A right atrial-aortic conduit is typically established in
these circumstances, either percutaneously or surgical-
ly, through which ECMO is delivered. In our patient,
we used the TandemHeart catheters percutaneously to
provide inflow to the oxygenator from the right atri-
um, as has been done, but we placed the outflow port
in the left atrium—a novel position—through a trans-
septal puncture. Without proof, we hypothesized that
returning oxygenated blood to an intact left heart could
promote better oxygen delivery systemically (especially
to the brain) than would the use of an outflow catheter
in the aorta. On the basis of measurements of arterial
and mixed venous blood gases, as well as organ func-
tion, this approach worked well to oxygenate the patient,
even though his pulmonary artery disorders proved irre-
versible. Our experience establishes this TandemHeart
catheter configuration as a viable and perhaps even su-
perior method of providing a vascular route for ECMO
support in the presence of severe, acute, reversible pul-
monary outflow obstruction.

Several centers have successfully used ECMO to pro-
vide temporary support in acute, life-threatening left-
heart failure.”” Various circuits have been used, but most
often a right atrial catheter has provided venous inflow
to the oxygenator, and an aortic catheter has been the
conduit for outflow. In spite of those successes, ECMO
as a stand-alone support for this indication carries with
it some substantial problems: ECMO does not decom-
press the LV and can, in fact, increase LV afterload
and wall stress. This can promote pulmonary edema,
hemorrhage, and pulmonary hypertension, and ham-
per myocardial recovery from an acute injury.” Intra-
aortic balloon counterpulsation is therefore often used
in conjunction with ECMO in this situation. There is
even a report of placing a percutaneous LV assist device
for this purpose.” The TandemHeart catheters, with
their ability to unload the LV via a transseptally placed
left atrial inflow catheter, could possibly provide a supe-
rior circuit for ECMO in patients who are experiencing
such severe, acute LV failure that systemic oxygenation
is threatened. We have not yet used the TandemHeart
in this situation.

The TandemHeart catheters imaginably accord dif-
ferent vascular routes for the delivery of ECMO, thus
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enabling optimal oxygen delivery in various types of
cardiopulmonary failure. In cases of respiratory failure
from primary lung injury, the system could provide ve-
novenous ECMO through an IVC-right atrial conduit;
in severe pulmonary vascular circumstances or right-
heart failure, a right atrial-left atrial circuit; and in life-
threatening left-heart failure, a left atrial-aortic route.

In conclusion, we have shown that the TandemHeart
System’s catheters can provide effective short-term cir-
cuits for the implementation of ECMO. Perhaps more
important, the catheter system can provide novel and
perhaps superior vascular routes for the delivery of
ECMO in different circumstances of cardiopulmo-
nary failure.
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