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The TandemHeart® pVAD™
in the Treatment of Acute
Fulminant Myocarditis

Acute fulminant myocarditis commonly manifests itself as severe, rapidly progressive
hemodynamic deterioration and circulatory collapse that may be resistant to high doses
of inotropic agents and steroids and to mechanical support by intra-aortic balloon pump.
Acute myocarditis has a high mortality rate and may necessitate heart transplantation. The
best short-term therapy available to support the patient may be a percutaneous left ven-
tricular assist device.

One such unit, the TandemHeart® percutaneous ventricular assist device, can enable
patients to recover in a few days. Two of our patients who experienced profound, therapy-
resistant heart failure arising from acute myocarditis were successfully supported by the
TandemHeart. To the best of our knowledge, these are the 1st reported cases in which
the TandemHeart percutaneous ventricular assist device served as a bridge to recovery
from acute fulminant myocarditis. (Tex Heart Inst J 2007:34:209-13)

cute fulminant myocarditis commonly results in severe, rapidly progressive

hemodynamic deterioration and circulatory collapse; the condition can be

fatal. When acute myocarditis is resistant to medical therapy and to me-
chanical support from an intra-aortic balloon pump (IABP), a percutaneous left ven-
tricular assist device (pVAD) can support the patient and enable recovery. We report
our use of the TandemHeart® pVAD™ (CardiacAssist, Inc.; Pittsburgh, Pa) in the
treatment of 2 patients who were experiencing profound heart failure secondary to
acute myocarditis.

Case Reports

Patient 1

In March 2006, a previously healthy 38-year-old woman presented at a local hospi-
tal with flu-like symptoms, weakness, and hypotension (systolic blood pressure, 75
mmHg). For 4 weeks, she had received outpatient care for upper respiratory symp-
toms (including cough, fever, and chills) that were unsuccessfully treated with antibi-
otics and amantadine. She had no history of alcohol, tobacco, or drug use.

She was admitted to that hospital and was started on vasopressin. Transthoracic
echocardiography showed poor left ventricular (LV) function: the ejection fraction
(LVEF) was <0.20, and the end-diastolic diameter was 4.2 cm. Also evident were
mild mitral and tricuspid regurgitation, nondilated ventricles, severely reduced right
ventricular (RV) systolic function, and a small pericardial effusion consistent with a
diagnosis of myopericarditis. The patient subsequently went into cardiogenic shock,
was intubated, underwent placement of an IABP, and was administered high doses
of pressors. An angiogram showed normal coronary arteries.

The patient was transferred to our institution for further care. Upon arrival, her
systolic blood pressure was 70 mmHg on IABP support and multiple pressors. An
electrocardiogram revealed sinus tachycardia with diffuse ST elevation. She was oli-
guric and displayed evidence of end-organ dysfunction that suggested severe cardio-
genic shock resistant to the therapy. The hemodynamic data included a cardiac index
of 1.6 L/min and a pulmonary artery wedge pressure of 18 mmHg. Because the pa-
tient was critically ill and had been symptomatic for about 4 weeks, the sensitivity of
an endomyocardial biopsy would have been decreased; therefore, no biopsy was per-
formed.
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To provide the patient with improved mechanical he-
modynamic support, we decided to place the Tandem-
Heart® pVAD™, a ventricular assist device that can
provide up to 4 L/min of systemic blood flow (Fig. 1).

The patient was rushed to the cardiac catheterization
laboratory. She was cold and pale, with systolic blood
pressure in the range of 60 to 70 mmHg. Her groins
were prepared. A transseptal catheter was inserted into
the right femoral vein and guided into the right atrium.

The patient then developed ventricular fibrillation.
After being defibrillated to sinus rhythm, she expe-
rienced ventricular tachycardia that resolved sponta-
neously. She was promptly intubated and was started
on an intravenous drip of amiodarone and lidocaine.
Standard transseptal cannulation was then performed,
the catheter was placed into the left atrium under fluoro-
scopic guidance, and 8,000 IU of heparin was admin-
istered for anticoagulation. The left femoral artery was
progressively dilated. On the basis of an aortogram ob-
tained at the beginning of the procedure in order to de-
termine cannula size, a 15F catheter was placed.

The TandemHeart pump was primed, air was re-
moved from the lines, and the patient was started on
pVAD support. When the flow rate reached approxi-
mately 2.5 L/min, a chest radiograph showed a heart
shadow that suggested RV failure, so in order to de-
crease the RV preload, the pump speed was maintained
at a lower flow rate of approximately 2.4 L/min. The

Fig. 1 The TandemHeart® pVAD™ (CardiacAssist, Inc., Pitts-
burgh, Pa) and associated blood circuit components. The aortic
outflow is positioned in the right femoral artery.

cannulae were secured, the anticoagulant and sedation
levels were maintained, and the patient was transferred
to the recovery room. She was started on an intrave-
nous drip of vasopressin, epinephrine, dopamine, and
milrinone for RV support and was given fluid. The
IABP was left in place.

Test results were negative for influenza, herpes sim-
plex virus, human immunodeficiency virus, cytomega-
lovirus, and hepatitis. The patient was given a bolus of
500 mg of intravenous methylprednisone, followed by
1 mg/kg per day of prednisone (a dosage that was to be
tapered to zero over 6 weeks), and 1 intravenous dose
of immunoglobulin. After the immunoglobulin infu-
sion, the patient became severely oliguric. Despite treat-
ment with diuretics, her urine output was less than 10
cc/hr, and her levels of urea nitrogen serum and cre-
atinine were elevated. Continuous venovenous hemo-
dialysis was initiated and maintained for 2 days, which
improved renal function. Despite hemodynamic sta-
bility on the pVAD, the IABP, and the pressors, trans-
thoracic echocardiography showed severe biventricular
failure (EF, <0.20), and the patient could not tolerate a
lower pVAD pump speed. On day 4 after pVAD place-
ment, ejection had improved, and the patient was get-
ting better. On day 7, after further hemodynamic and
clinical progress, we began reducing the pump rate in
order to wean her from the pVAD. She was complete-
ly dependent on the pVAD to provide the output nec-
essary for organ perfusion, which confirmed that the
TandemHeart was chiefly responsible for the clinical
and hemodynamic improvements. Table I shows the
progressive improvement in the patient’s hemodynam-
ic readings.

We surgically removed the pVAD on day 8. After its
removal, cardiac magnetic resonance imaging and trans-
thoracic echocardiography showed markedly improved

TABLE I. Hemodynamic Data in Patient 1 Before and
During TandemHeart Support, and Just After Removal

Before 24h 48h After

Mean cardiac output 3.2 5.1 4.9 6.1
(L/min)

Mean cardiac index 1.6 2.6 2.4 3.2
(L/min)

Mean systolic 45 35 30 26
pulmonary artery
pressure (mmHg)

Mean mixed venous 51 66 65 73
oxygen saturation (%)

Mean pulmonary artery 17 15 12 8
wedge pressure
(mmHg)

Mean systolic blood 60 80 75 95

pressure (mmHg)

Left ventricular <0.20 <0.20 <0.20 0.40

ejection fraction
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LV contractility (LVEF, 0.40), normal LV shape and
size, and moderate RV systolic dysfunction (EF, 0.35)
without echographic evidence of atrial septal defect. Vi-
ability studies by cardiac magnetic resonance imaging
after 2 weeks of hospitalization revealed patchy epicar-
dial hyperenhancement in the mid-inferoseptum and in
the mid-inferior and mid-anterolateral walls of the LV;
the remainder of the LV appeared of normal thickness,
with viable myocardium (Fig. 2).

Levels of B-type natriuretic peptide, creatine kinase,
creatine kinase-MB, troponin I, lactate dehydrogenase,
and uric acid—all of which were very high upon the pa-
tient’s hospital admission—progressively decreased after
pVAD placement. Table II shows the progression of the
laboratory data.

The patient remained neurologically intact during
her 2-week hospitalization and was discharged in good
condition. Her outpatient therapy included close fol-
low-up and prescriptions for an angiotensin-converting
enzyme inhibitor, a B-adrenergic blocker, an aldoste-
rone antagonist, and steroids (to be tapered to zero over
6 weeks). Six months after hospital discharge, the pa-
tient remained stable and asymptomatic, with a low-to-
normal LVEF (0.50—0.55) on echocardiography.

In summary, the patient was experiencing multisys-
temic organ failure upon hospital admission. The pVAD
enabled progressively improved organ function via bet-
ter systemic perfusion.

Patient 2

After a few days of experiencing flu-like symptoms, a
63-year-old woman with a medical history of asthma
was admitted to a local hospital in April 2006 for res-
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Fig. 2 Patient 1. Cardiac magnetic resonance imaging shows
patchy epicardial hyperenhancement after 2 weeks of hospitaliza-
tion. The remainder of the left ventricle appears of normal thick-
ness, with viable myocardium.
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TABLE Il. Laboratory Data in Patient 1 Before and
During TandemHeart Support, and Just After Removal

Before 24 h 48 h  After

Aspartate amino- 1,020 4,100 985 55

transferase (U/L)

Alanine aminotransferase 450 960 620 42
(U/L)

Bilirubin (mg/dL) 1.4 2.2 2.4 1.0
Lactic acid (mg/dL) 79 21 - -
Creatine kinase (U/L) 2,100 2,600 2,750 570
Creatine kinase-MB (U/L) 48 13 33 8.6
Troponin | (ug/L) 25 30 12 1.1
Lactate dehydrogenase - 6,500 2,200 560
(UsL)
B-Type natriuretic 3,740 3,060 1,890 865

peptide (pg/mL)

piratory failure and sudden-onset (“flash”) pulmonary
edema. Her condition required prompt intubation. She
had mildly elevated cardiac enzymes, leukocytosis, in-
significant electrocardiographic changes, and mild ST
elevations in the high-lateral leads. A transthoracic echo-
cardiogram showed an LVEF <0.20, with normal LV
size. She was hypotensive (systolic blood pressure, 70—
75 mmHg) with bradycardia (heart rate, 50—55 beats/
min).

The patient was transferred to our institution in car-
diogenic shock. She had been given dopamine and hep-
arin. Emergency coronary angiography revealed normal
coronary arteries and a LVEF 0f 0.10 to 0.15. She under-
went right heart catheterization that included a RV en-
domyocardial biopsy, and an IABP was placed. Results of
the biopsy were negative for inflammatory changes and
for viral, bacterial, and fungal infection. In the intensive
care unit, despite the administration of dopamine, do-
butamine, and vasopressin in high doses, her hypotension
and bradycardia worsened to a systolic blood pressure in
the 50- to 60-mmHg range and a heart rate in the range
of 30 to 40 beats/min. She experienced ventricular fi-
brillation and was promptly transferred to the catheteri-
zation laboratory for placement of a TandemHeart pVAD.
During this procedure, her systolic blood pressure de-
creased to 30 mmHg and her heart rate slowed to <20
beats/min. Cardiopulmonary resuscitation was initiated,
along with transcutaneous pacing. Almost immediate-
ly after the pVAD was started, she became more stable
hemodynamically. Due to the probability of fulminant
myocarditis, she was given intravenous doses of methyl-
prednisone, immunoglobulin, and gamma globulin. A
few hours after the placement of the pVAD, her systolic
blood pressure fell from 90 to 60 mmHg, and she was
given more pressors. Cardiac tamponade was suspect-
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ed, so she was taken to the operating room. Mediastinal
exploration revealed tamponade caused by a RV perfo-
ration, which was repaired. The next day, a 2nd explo-
ration was required for tamponade that was caused by
a large hematoma. Transesophageal echocardiography
revealed a large right-to-left shunt through an artificial
atrial septal defect and a patent foramen ovale not much
larger than 1 cm in diameter; these 2 conditions were not
repaired. After approximately 2 days of hemodynamic
stabilization and a return to normal EF, the pVAD and
the IABP were removed. Our final diagnosis was severe
cardiogenic shock secondary to acute fulminant myocar-
ditis, with a negative endomyocardial biopsy.

The patient remained unresponsive even when not se-
dated. Computed tomography and magnetic resonance
angiography revealed evidence of multiple strokes in the
occipital area of the cerebellum. These strokes might
have been related to the patent foramen ovale induced
by the placement of the pVAD. The patient remained
critically ill, then underwent a few days of aggressive
physical rehabilitation and began a slow neurologic re-
covery. She experienced several episodes of paroxysmal
atrial fibrillation, for which treatment with amiodarone
and aspirin was initiated.

The patient completely recovered hemodynamically
after 2 days of mechanical circulatory support from the
pVAD. Table III shows the hemodynamic progression
and Table IV, the progression of the laboratory data.
The patient also experienced tamponade and RV per-
foration, probably as a consequence of the endomyocar-
dial biopsy.

After 3 weeks of hospitalization, the patient had nor-
mal cardiac function and no residual neurologic deficit.

TABLE lll. Hemodynamic Data in Patient 2 Before and
During TandemHeart Support, and Just After Removal

Before 24h 48h After

Mean cardiac output 4 4.2 6 6.1
(L/min)

Mean cardiac index 2 2.5 3.5 3.6
(L/min)

Mean systolic/diastolic 31/21 28/18 26/15 25/15
pulmonary artery
pressures (mMmHg)

Mean mixed venous 30 55 75 75
oxygen saturation (%)

Mean pulmonary artery 26 18 15 12
wedge pressure
(mmHg)

Mean systolic blood 40 65 80 90

pressure (mmHg)

Left ventricular <0.20 0.30 0.60 0.65

ejection fraction
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TABLE IV. Laboratory Data in Patient 2 Before and
During TandemHeart Support, and Just After Removal

Before 24h 48h After

Aspartate aminotransferase 315 265 126 73
(/L)

Alanine aminotransferase 197 108 94 49
(U/L)
Bilirubin (mg/dL) 0.9 07 06 0.6
Lactic acid (mg/dL) 20 - - 15
Creatine kinase (U/L) 526 - - -
Creatine kinase-MB (U/L) - - - -
Troponin | (ug/L) 3.9 9.7 - -
Lactate dehydrogenase 421 - 100 -
(U/L)

B-Type natriuretic 2,081 - - 523

peptide (pg/mL)

She was discharged from the hospital in good condition
on a regimen of amiodarone, clopidogrel, aspirin, and
lisinopril. Four months after hospital discharge, she re-
mained asymptomatic.

Discussion

Myocarditis, defined as inflammation of the myocar-
dium, is characterized by an inflammatory cellular in-
filtrate with or without evidence of myocyte necrosis.
Mpyocarditis has many causes, but it is most commonly
viral. Clinical manifestations of myocarditis range from
an asymptomatic state with an abnormal electrocar-
diogram to a fulminant condition characterized by ar-
thythmias, heart failure, cardiogenic shock, and death.
Myocarditis is a well-established cause of dilated cardi-
omyopathy (in 9% of cases)'; in prospective postmor-
tem data, myocarditis was implicated in 8% to 12% of
sudden cardiac deaths.”?

Despite the morbidity and death associated with myo-
carditis, clinical practice guidelines are still lacking.
Supportive care is the 1st line of treatment. Fulminant
myocarditis can have an excellent prognosis if the pa-
tient’s hemodynamic collapse is treated aggressively and
without delay.* The necessarily intensive level of care
will include IABP support and the aggressive admin-
istration of positive inotropic agents, vasopressors, and
diuretics. Rarely, in collapses refractory to optimal med-
ical treatment and IABP placement, a ventricular assist
device will be required to sustain the patient. Acker® de-
scribed a survival rate of 50% to 70% after the imple-
mentation of mechanical support. In addition, multiple
studies have shown that LVAD support can promote
myocardial recovery by producing substantial structur-
al changes in the failing heart, including a reduction
in stress wall and LV dimensions, an improvement of
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myocyte contractility and B-adrenergic-blocker respon-
siveness, and the promotion of ventricular remodel-
ing.*'* Treatment after initial hemodynamic stabiliza-
tion should follow the American College of Cardiology
and American Heart Association guidelines for treat-
ment of heart failure."

Mechanical devices that have been used in the treat-
ment of acute fulminant myocarditis and other caus-
es of heart failure are generally expensive; their use also
requires surgical implantation and removal, with the
accompanying risk of morbidity or death. In contrast,
the much less expensive TandemHeart pVAD can be
rapidly inserted in the catheterization laboratory via a
transseptal approach' and can then be removed via
a minimally invasive technique.”? The TandemHeart
improves hemodynamic conditions by reducing left
atrial pressure, increasing mean arterial pressure, and
improving cardiac output. In 18 patients who were sup-
ported by the TandemHeart, Thiele and colleagues® re-
ported a relatively low 44% overall mortality rate from
cardiogenic shock, and an even lower 31% rate from
this cause in patients who had no ventricular septal de-
fect. This device has been used to mitigate LV failure
due to cardiogenic shock of various origins, as a bridge
for surgical or interventional procedures, and even as a
bridge to heart transplantation. The device can usually
be explanted when the patient’s cardiac index is more
than 2 L/min per m? in the presence of minimal ino-
tropic support or without increasing filling pressures.”

The TandemHeart pVAD, a centrifugal, continuous-
flow pump, consists of a single rotor suspended by mag-
netic force on a thin lubricating-fluid film. Heat and
friction are lessened, which reduces risk of thromboem-
bolism. The TandemHeart can be left in place for up
to 2 weeks without producing significant thromboem-
bolic or hemorrhagic events.” This relatively new pVAD
seems safer and more promising than its predecessors on
the basis of its ease of use, its survival benefit, the fact
that it can be rapidly inserted even in urgent circum-
stances, and its encouraging safety profile.*'* Although
the TandemHeart’s contribution to morphologic recov-
ery from acute myocarditis is difficult to isolate from
the spontaneous healing process, its mechanical sup-
port reduces hemodynamic demand and, by unloading
the LV, most likely accelerates the healing mechanisms
that follow acute inflammatory damage.

We conclude that short-term circulatory support dur-
ing acute heart failure can enable ventricular myocytes
to undergo substantial, beneficial functional changes as
a consequence of hemodynamic unloading and of the
reversal of neurohumoral and circulatory derangements
caused by the initial cardiac insult. The cases of our 2
patients illustrate the essential role of pVAD support as
a bridge to recovery from acute fulminant myocardi-
tis. We believe that this is the Ist report of the Tandem-
Heart pVAD’s having conferred this benefit.
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