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TandemHeart Insertion
via a Femoral Arterial

GORE-TEX Graft Conduit
in a High-Risk Patient

The TandemHeart® percutaneous ventricular assist device (pVAD), which provides tempo-
rary circulatory support of the left ventricle, can be used in high-risk and hemodynamically
unstable patients. The easily inserted TandemHeart provides cardiac support superior to
that from the use of intra-aortic balloon pumps. Herein, we discuss TandemHeart implan-
tation via end-to-side femoral arterial grafting in a cardiac patient whose sepsis and multi-
organ failure were complicated by coagulopathy and thromboembolism.

A 47-year-old woman, on intra-aortic balloon and intravenous inotropic support after an
acute myocardial infarction and emergency coronary artery bypass grafting, was trans-
ferred to our institution via helicopter. She developed sepsis and multiorgan failure. Her
condition was further complicated by coagulopathy and a left-lower-extremity throm-
boembolism. After 6 weeks of aggressive pharmacologic and intermittent intra-aortic bal-
loon treatment, the patient developed cardiogenic shock and received a TandemHeart
pVAD for short-term circulatory support. A GORE-TEX® access graft, sewn end-to-side to
the femoral artery because of the patient’s leg ischemia and very small vessels, served
as a conduit for the TandemHeart’s femoral arterial inflow cannula. Her difficult circulatory,
anatomic, and coagulopathic status stabilized after 2 weeks of TandemHeart support, and
she was bridged to the long-term MicroMed DeBakey VAD® Child in anticipation of heart
transplantation.

The case of our patient shows that high-risk patients who have experienced cardio-
genic shock with multiorgan failure and coagulopathy can benefit from the TandemHeart
pVAD as a bridge to other therapeutic options, even when creative approaches to treat-
ment and to TandemHeart insertion are required. (Tex Heart Inst J 2008;35(4):462-5)

eft ventricular assist devices (LVADs) can provide several therapeutic options

for patients who are experiencing end-stage heart failure: short-term support,

bridging to transplantation, bridging to recovery, or destination therapy.* One
percutaneous ventricular assist device (pVAD), the TandemHeart® (CardiacAssist,
Inc.; Pittsburgh, Pa), can be used in high-risk patients to unload the left ventricle (LV)
preoperatively and to provide mechanical circulatory support during the perioperative
and postoperative period until cardiac function sufficiently recovers or until a LVAD
can be implanted for long-term support. The TandemHeart continuously withdraws
oxygenated blood from the left atrium through a transseptal cannula that is placed in
the femoral vein. The pump then returns the blood to the femoral artery, whereup-
on the patient’s cardiac output and blood pressure are increased and the preload and
myocardial oxygen consumption are decreased’ (Fig. 1). The TandemHeart, which
has proved to be safe and effective in the treatment of cardiogenic shock, provides
hemodynamic support superior to that from intra-aortic balloon pumps (IABPs).>
This pVAD can also be used for right ventricular support and during high-risk coro-
nary interventions.”* The most common sequelae include thromboembolism, distal
leg ischemia, and bleeding from the cannulation site.*

Here, we report the implantation of the TandemHeart pVAD in a patient who was
experiencing end-stage heart failure, multiorgan failure, coagulopathy, and cardio-
genic shock after an acute myocardial infarction and coronary artery bypass grafting
(CABG). Implantation of the TandemHeart was achieved by means of a GORE-TEX®
access graft (W.L. Gore & Associates; Flagstaff, Ariz) that was sewn to the femoral
artery.
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Case Report

In December 2005, a 47-year-old woman (height, 160
cm; weight, 57 kg) was transported to our institution, 1
week after she had experienced an acute myocardial in-
farction and subsequent emergency 3-vessel CABG in
her native country. After the CABG, cardiogenic shock
ensued, and she was referred to us for further treatment
and an evaluation for cardiac transplantation.

Her medical history included hypertension, 2 myo-
cardial infarctions 6 years earlier, and percutaneous
transluminal coronary angioplasty with the insertion
of 3 stents. Her surgical history included the repair of a
herniated L5-S1 disk 6 months before the current ad-
mission, a hysterectomy 6 years previously, and a ton-
sillectomy. Before her spinal surgery, she had been fairly
active physically. Her use of tobacco (15 pack-years)
ended 6 years before the current admission, and she still
occasionally consumed alcohol.

Upon arrival at our hospital via helicopter, the patient
was receiving IABP and intravenous inotropic support,
and she was dependent upon mechanical ventilation.
Echocardiography after her hospital admission showed
severely depressed LV function and an estimated LV
ejection fraction of less than 0.10. The LV was mildly to
moderately enlarged. The right and left atria were nor-
mal in size, and there were no structural valve abnor-
malities. Cardiac output was 3.3 L/min, cardiac index
was 2.1 L/(min-m?), pulmonary artery mean pressure
was 18 mmHg, and systemic vascular resistance was
2,133 dyns x sec/cm’. She experienced an episode of
atrial fibrillation that converted after the administra-
tion of amiodarone and digoxin. Because of her recent
sternotomy and the concomitant insertion of multiple
invasive lines, she was at high risk for infection. In ac-
cordance with our infectious-disease service’s recom-
mendations, the patient underwent panculture and was
given intravenous antibiotics. To treat the heart failure,
inotropic solutions, vasopressors, diuretics, and IABP
support were continued. Nutrition was maintained via
total parenteral nutrition and nasogastric tube feed-
ings.

Despite maximal medical therapy, the patient’s end-
organ function continued to deteriorate. She became
oliguric and required continuous venovenous hemodial-
ysis. A tracheostomy was performed to enable long-term
mechanical ventilatory support. Elevated liver enzyme
levels indicated shock liver syndrome, and she also de-
veloped thrombocytopenia. Our hematology service
concluded that the decreased platelet count (14,000 pL)
was multifactorial and likely unrelated to heparin anti-
bodies (antiplatelet factor 4, 0.529 optical density units).
The thrombocytopenia was probably related to vanco-
mycin therapy, the use of the IABP, and possible sepsis
with disseminated intravascular coagulation (dimerized
plasmin fragment D, >20.0 mg/L fibrinogen equivalent
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units). The increased prothrombin time (21.7 sec) and
partial thromboplastin time (40.5 sec) were attributed
to shock liver syndrome.

The patient’s heparin was discontinued, and bivali-
rudin was started as anticoagulation therapy. She was
weaned from the IABP and remained on inotropic sup-
port. Although her renal function improved, she under-
went dialysis intermittently. She was lightly sedated and
was arousable; although she had little ability to commu-
nicate, she followed oral commands. Her left foot be-
came cyanotic, and no arterial pulses or Doppler signals
were noted. She was taken to the operating room for
left femoral embolectomy. Postoperatively, she had good
femoral pulses but no posterior tibial pulses. The diag-
noses of critical-illness neuropathy and bilateral lower-
extremity ischemia with gangrene were made.

In addition to these complications, the patient expe-
rienced episodes of atrial fibrillation amenable to chem-
ical cardioversion. Her condition remained critical but
stable, with slow improvements until, 40 days after ad-
mission, she experienced a hypotensive episode, became
acidotic, and went into cardiac shock. An TABP was
reinserted, vasopressors were started for hemodynamic
support, and inotropic support was increased. Despite
these measures, her condition continued to deteriorate,
and the medical and surgical teams agreed that a circu-
latory assist device was needed if she were to survive.

Due to her severely coagulopathic state, unstable he-
modynamic condition, and multiorgan failure, an in-
vasive LVAD implantation posed an extremely high
surgical risk. To support her LV function, the decision
was made to replace the IABP with a TandemHeart
pVAD.

The procedure was performed in the operating room
under fluoroscopic C-arm guidance, in accordance with
the manufacturer’s protocol.’ Percutaneous access was
not attempted, due to the patient’s lower-extremity isch-
emia and small vascular structures. Her left groin was
incised, and the left femoral artery (LFA) and vein were
surgically exposed. A 7F sheath was introduced into the
left femoral vein, through which a long J wire was ad-
vanced into the right atrium under C-arm guidance. A
transseptal puncture was performed, and the outflow
TandemHeart catheter was advanced into the left atri-
um. The LFA was too small for safe insertion of the
sheath for the inflow cannula. Instead, the femoral ar-
tery was clamped with a partial occlusion clamp, and
an 8-mm, reinforced GORE-TEX graft was sewn to the
LFA with a running 5-0 polypropylene suture in end-
to-side fashion and was attached with a connector to the
TandemHeart inflow cannula (Figs. 1 and 2). The pa-
tient was thrombocytopenic, and tests for heparin anti-
bodies remained negative; nevertheless, in accordance
with the recommendations of our hematology service,
we administered bivalirudin intravenously as anticoag-
ulation therapy.
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The successfully implanted TandemHeart induced
stable flows of 2.5 to 3.0 L/min. Due to the patient’s
coagulopathy and bleeding from the left groin, she was
returned to surgery on postoperative day 1 for a femo-
ral exploration. No active bleeding sources were noted.
BioGlue® (Cryolife, Inc.; Kennesaw, Ga), Surgicel®
(Ethicon Inc., a Johnson & Johnson Gateway® compa-
ny; Somerville, NJ), Gelfoam® (Pharmacia & Upjohn
Company, a division of Pfizer Inc.; Kalamazoo, Mich)
and Thrombin-JMI® (King Pharmaceuticals®, Inc.;
Bristol, Tenn) were placed around the anastomosis site
to aid hemostasis. A 10-mm Hemashield Platinum™
Woven Graft (Boston Scientific Corporation; Natick,
Mass) was sutured around the initial GORE-TEX graft to
stop the “sweating” of blood plasma and to control the
bleeding from the LFA anastomosis (Fig. 2). As a sup-
plemental precaution, the patient was administered in-
travenous recombinant activated Factor VII (tfFVIIa).
The bleeding from the anastomosis site stopped.

From the start of this surgery through postoperative
day 1, the patient received 8 units of packed red blood
cells, 6 units of cryoprecipitate, 26 units of fresh frozen
plasma, and 11 units of concentrated platelets. Her over-
all status stabilized under TandemHeart support. In 2

Fig. 1 Schematic depiction of the TandemHeart percutaneous
ventricular assist device with a groin-access graft. The Tandem-
Heart continuously withdraws oxygenated blood from the left
atrium through a transseptal cannula in the femoral vein and
returns the blood into the femoral artery via the access graft.
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Fig. 2 Postoperative photograph of the groin-access graft shows
the left inguinal region and left upper leg, with the incision below
the inguinal ligament. The TandemHeart’s outflow cannula is in
the left femoral vein (LFV), and the inflow cannula is attached to
a double-layered graft that is sutured to the left femoral artery
(LFA). Both cannulae are attached to the pump of the Tandem-
Heart (not shown).

weeks, a MicroMed DeBakey VAD® Child (MicroMed
Cardiovascular, Inc.; Houston, Tex) was successfully
implanted as a bridge to cardiac transplantation.

Discussion

The TandemHeart pVAD is a minimally invasive ven-
tricular assist device that can easily be inserted in a cathe-
terization laboratory or an operating room within a short
time. The device, which provides circulatory support of
up to 4 L/min,’” can be used as a bridge to a LVAD, as
short-term support to recovery or during high-risk coro-
nary interventions, and as a bridge to cardiac transplan-
tation.*"

The implantation approach with the GORE-TEX graft
was chosen because of the small size of our patient’s LFA
and because of her lower-leg ischemia, which could have
worsened after the insertion of a regular inflow can-
nula into the LFA. The attachment of the GORE-TEX
graft to the LFA proved more difficult than we had ex-
pected, and diverse actions to enhance coagulation had
to be performed (application of the BioGlue, Surgicel,
Gelfoam, and Thrombin-JMI, and administration of
the rFVIIa). After the 10-mm Hemashield layer was
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closed around the GORE-TEX graft, all bleeding was con-
trolled.

Conclusion

We have reported the quite complicated case of a pa-
tient for whom medical therapy alone was insufficient
to treat end-stage heart failure, multiorgan failure, and
coagulopathy. Her status finally improved after the
placement of the TandemHeart via a groin-access graft.
When her condition stabilized, the TandemHeart was
replaced with an LVAD in anticipation of heart trans-
plantation. This experience shows that high-risk pa-
tients with multiorgan failure and severe coagulopathy
can benefit from the TandemHeart pVAD as a bridge
to other therapeutic options, even when creative ap-
proaches to treatment and to TandemHeart insertion
are required.
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