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The patient was a 68-year-old Cau-
casian male with idiopathic dilated car-
diomyopathy diagnosed in 1986, when he
first presented with congestive heart fail-
ure. He had been on oral therapy for dia-
betes mellitus for many years (but at the
time of admission his glycemia was well
controlled by a low carbohydrate diet only)
and was diagnosed with prostate cancer 3
years before admission. The cancer had re-
portedly been cured with radiotherapy.
Thereafter, the patient was stable in NYHA
class I-II until 1998, when he presented
with a new episode of congestive heart fail-
ure. For the following 2 years the patient
was placed on appropriate medical therapy
and remained in NYHA class II. In August
2000 he was re-hospitalized for heart fail-
ure and in November 2000 was once again
hospitalized with acute pulmonary edema
and low output syndrome: mechanical ven-
tilation and intravenous inotropes were re-
quired to achieve hemodynamic stability.
After several unsuccessful attempts, he was
eventually weaned from inotropes and dis-
charged home, where he remained stable in
NYHA class III-IV. Our heart failure cardi-
ologists first saw the patient in November

2000. An atrio-biventricular cardiac stimu-
lator with an automatic cardiac defibrillator
was implanted on January 22nd, 2001, be-
cause of a first-degree atrioventricular
block and left bundle branch block on the
ECG and the induction of sustained
monomorphic ventricular tachycardia dur-
ing electrophysiological study. The pa-
tient’s symptoms improved after resynchro-
nization therapy. He remained in NYHA
class II-III until September 2001, when he
was again hospitalized because of low out-
put syndrome. On examination, the patient
was pale and sick. His blood pressure was
95/75 mmHg, his heart rate 90 b/min, and
the extremities were cold. No edema was
present and the internal jugular veins were
not distended. The lungs were normal on
auscultation. A grade 3/6 systolic murmur
was audible at the apex and the lower left
sternal border on cardiac auscultation.
Blood tests showed kidney and liver dys-
function. Inotropic therapy with dopamine
and dobutamine was initiated. The patient’s
conditions improved slightly and cautious
mobilization became possible. The liver
and kidney function improved slowly as
well, and weaning from inotropes was
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Left ventricular assist device (LVAD) support is an established therapy for patients with end-stage
heart failure as a bridge to transplant; its usage as an alternative for those patients not eligible for
transplant is not an established therapy yet. A 68-year-old male had a Thoratec-Heartmate LVAD im-
planted as destination therapy. After an uneventful (apart from early fever) recovery in the intensive
care unit, the patient developed an intractable high temperature, and generalized sepsis and died 21
days following implant. The white cell blood count never exceeded the guard limits, and the patient
succumbed with severe LVAD valve malfunction. At post-mortem examination friable material con-
sisting of fungal hyphae was found on the inflow and outflow valves. According to published clinical
trials, infection accounts for more than 40% of mortality in LVAD supported patients. Fungal LVAD
endocarditis is a particularly deadly disease. Successful management requires a high level of suspi-
cion and timely institution of antifungal therapy to control the infection. This has led some authors to
recommend empiric antifungal therapy in LVAD recipients with culture-negative sepsis unresponsive
to broad-spectrum antibiotics.
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commenced. However, several attempts at weaning
from inotropes were unsuccessful, and eventually in-
creasing doses of dobutamine were required to maintain
a normal renal function. The patient’s conditions rapid-
ly worsened. Consultation with our transplant referring
center ruled out the heart transplant option for this pa-
tient owing to the fact that he was older than 65 and in
view of the previous malignancy (the recurrence of
which may be favored by immunosuppressive therapy).
Besides the above-mentioned inotropes, the patient was
also on daily enalapril (10 mg), furosemide (75 mg),
spironolactone (25 mg), digoxin (0.125 mg), amio-
darone (200 mg) and warfarin for an average INR of 2.5;
this therapeutic regimen was the most he could tolerate. 

Having fully explained the available options and
discussed with his family, the patient consented to the
implantation of a left ventricular assist device (LVAD)
as destination therapy. A complete evaluation was per-
formed to rule out any possible contraindications, in-
cluding clinically occult infections. 

Standard preoperative preparation was performed
with multiple decontamination showers the day before
and the day of surgery, scheduled for October 2nd,
2001. Our prophylactic antibiotic regimen consists of
vancomycin (1 g) 1 hour before surgery and 500 mg
every 6 hours for the first 72 hours postoperatively, as-
sociated with oral norfloxacin (400 mg orally every 12
hours) and amphotericin B (500 mg orally every 6
hours), beginning 72 hours preoperatively for the de-
contamination of the gastrointestinal tract. The Thor-
atec HeartMate I implant was uneventful. The overall
operative time was 3.5 hours. The bypass time was 1.43
hours and no cardiac arrest was required. The initial

postoperative course was uneventful. The patient was
extubated on postoperative day (POD) 2. He received 6
packs of red blood cells, 5 packs of fresh frozen plas-
ma, and 1 platelet pool. The flow rate through the
LVAD was constantly maintained > 5 l/min; at a stan-
dard postoperative control echo, the left ventricle ap-
peared empty (unloaded), while the right ventricle ap-
peared distended and slightly hypokinetic. On physical
examination, the patient was found to have a regular
pulse (synchronous with the pump stroke) and no heart
sounds were audible (possibly due to the rumbling of
the metallic pump). 

For the first 2 PODs the patient’s temperature did
not exceed 38°C (figure 1 summarizes the course of his
temperature over time). On POD 3, the patient’s tem-
perature spiked to 38.7°C. A urine culture yielded no
micro-organisms. On POD 4 the temperature spiked to
39°C. At this point it was decided to continue with in-
travenous vancomycin. On PODs 5 and 6 the patient re-
mained febrile, with a peak temperature of 39°C. On
POD 7 the peak temperature was 37.8°C: all the vascu-
lar accesses were removed or changed, and blood cul-
tures were obtained yielding negative results. The chest
and abdominal drains were also removed. The patient
remained febrile (peak temperature 38.5°C) and addi-
tional blood cultures were taken on POD 9. Only one
out of four samples was positive for Staphylococcus
epidermis: contamination was presumed. On POD 10
an ultrasound scan of the LVAD pocket showed a fluid
collection around the LVAD. This fluid was drained;
250 ml of serous fluid were collected and sent for cul-
ture. No micro-organisms were isolated. The same day
a sputum culture was taken but yielded no pathogens.
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Figure 1. Clinical timesheet. In A the temperature curve and the time of blood culture are shown. In B, the various antibiotics, as they were adminis-
tered to the patient, are shown. Note the trend toward an increased temperature, periodically interrupted by administration of antipyretic medications.
To be noted that, although represented on the same scale, until postoperative day (POD) 7 the internal temperature was recorded. Following this we re-
sorted to the external axillary temperature (by definition about 1°C lower). Vancomicyn, amphotericin and norfloxacin were never discontinued (in con-
trast to what recommended in the protocols) due to the persistent hyperpyrexia. PO = per os.



Vancomycin was continued. The patient remained
febrile, with a peak temperature around 38°C. Addi-
tional blood cultures were taken on PODs 12 and 13.
One out of six samples taken on POD 13 was positive
for Staphylococcus epidermis: contamination was
again presumed. On POD 14 the patient was discharged
to the ward, in good general conditions, but still febrile.
On POD 16 his temperature again spiked to 39°C. Ad-
ditional blood cultures were obtained but no micro-or-
ganisms were isolated. The central venous catheter was
changed again and oral rifampin was added to van-
comycin. On POD 17, imipenem was added to the an-
tibiotic regimen. However, the patient’s clinical status
began to deteriorate. His temperature rose daily to 39-
39.5°C. Eventually, hemodynamic instability devel-
oped on POD 19. Additional blood cultures obtained on
PODs 17, 18 and 19 were negative. A urine culture and
a stool culture obtained respectively on PODs 19 and
22 were negative too. The patient was readmitted to the
intensive care unit on POD 21. The pump rate appeared
increased and the flow rate in the LVAD was slightly
higher than 3 l/min suggesting an inflow valve obstruc-
tion. The patient seemed to have developed a low out-
put syndrome: his skin was cold, clammy and cyanotic;
in spite of increased doses of diuretics his urine output
was low. The patient was also orthopnoic. A new ar-
rhythmic pulse, not synchronous with the pump, was
palpable. A second heart sound, due to aortic valve clo-
sure, was audible at cardiac auscultation; furthermore,
an apical murmur, synchronous with the pump ejection
and radiating to the mid-axillary line was clearly audi-
ble suggesting an inflow valve incompetence. Trans-
esophageal echocardiography showed a markedly di-
lated left ventricle, with moderate mitral insufficiency.
The aortic valve was opening due to the heart systole,
and a cardiac output was generated by the left ventricle.
A color Doppler study confirmed severe incompetence
of the LVAD inflow valve associated with severe steno-
sis, although the porcine valve itself could not be eval-
uated due the metallic frame in which it is encased. The
ejection volume from the left ventricle testifies a failure
of the LVAD to unload the ventricle and hence a major
device malfunction. The patient’s temperature re-
mained > 39°C despite high doses of antipyretic drugs
and he died of cardiocirculatory collapse that same day.
Throughout the entire postoperative course, chest X-
rays were negative for infiltrates. Eosinophilia was ev-
ident since POD 13 (no differential count was per-
formed before that date). This particular parameter was
font of discussion and attention, due to the well-known
candidemia that may complicate LVAD implantation;
the absence of positive blood cultures, or of any other
sign of Candida infection rule out this option (although
not completely, given that amphotericin B therapy was
maintained all the same).

With regard to the acute phase reactants, the levels
of C-reactive protein were moderately elevated, while
those of procalcitonin were within the normal limits.

At autopsy, the pump was explanted and examined.
Both the inflow and outflow porcine valves were com-
pletely obstructed by a yellow friable but strongly ad-
herent thrombus (Fig. 2). Accurate examination of the
other pump parts, native valves and myocardium, and
all the other organs did not show any significant abnor-
malities other than those consistent with death from
heart failure. Several samples were collected and sent
to the pathology and microbiology laboratories. Micro-
scopic examination of the prosthetic valves showed
mycotic hyphae adherent to the surface of the porcine
graft, with mild inflammation (Fig. 3A-C); no evidence
of fungal infection/colonization was found neither in
the native valves nor in the other specimens. Culture of
the thrombus obstructing the LVAD valves showed
rapidly growing Aspergillus hyphae (Fig. 3D). 

Discussion

LVAD therapy has been shown to provide better sur-
vival than medical therapy for severely decompensated
heart transplant candidates. Additionally, the RE-
MATCH trial has demonstrated that in nontransplant
candidates with end-stage heart failure, LVAD therapy
improves survival and quality of life more than optimal
medical therapy1. However, the success of the LVAD,
both as a bridge to transplant therapy and as destination
therapy, is limited by the high rate of serious adverse
events. In the REMATCH trial, infection represented
the most common serious adverse event in the LVAD
group, accounting for 41% of all deaths. Fungal infec-
tions represent a particularly serious threat to the suc-
cess of LVAD therapy. In a recent study, fungal infec-
tions accounted for 22% of infections in LVAD recipi-
ents2. In the same study, the rate of fungal LVAD endo-
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Figure 2. Post-mortem examination of the outer surface of the inflow
valve. A yellowish mycotic thrombus, very friable and strongly adherent
to the Dacron tube, may be noted on the inner surface. In the central lu-
men of the thrombus, the remnant of the biologic ventricular assist de-
vice valve, fixed in the semi-open position and causing severe valve in-
sufficiency, may be seen.



carditis was 3%. Portals of entry were identified in all
cases of fungal endocarditis and in the vast majority of
cases consisted of either driveline infections or LVAD
pocket infections. Mechanical complications, such as
outflow/inflow graft obstruction, are characteristic of
fungal LVAD endocarditis. Candida species are the
most commonly reported pathogens in case of fungal
infections in LVAD recipients3. Nosocomial can-
didemia has become increasingly common over the last
15 years. In a recent retrospective analysis published by
the Cleveland Clinic group, Candida species ranked
third, after coagulase-negative staphylococci and
Staphylococcus aureus, as the causative agent of blood-
stream infection in implantable LVAD recipients4. In
that study, fungemia was associated with the highest in-
crease in mortality among recipients of this device.
Fungemia manifested later than other pathogens, prob-
ably reflecting prior antibacterial antibiotic exposure.
The use of broad-spectrum antibacterial antibiotics
may lead to overgrowth of gastrointestinal Candida and
high-level Candida colonization at multiple mucosal
sites is a risk factor for invasive candidiasis5. The sig-
nificant risk of fungal infections in LVAD recipients
and the associated poor prognosis have prompted some
groups to use perioperative antifungal prophylaxis with
intravenous fluconazole in all patients undergoing
LVAD insertion3. 

The case of fungal LVAD endocarditis presented
above has several peculiarities. The patient had not
been on antibiotics before surgery and had been started
on oral amphotericin B 72 hours before surgery to re-
duce fungal colonization in the gastrointestinal tract.
Therefore, he should be considered at low risk for fun-
gal infections. Nonetheless, fever with high spikes, a

non-specific manifestation of what turned out to be an
invasive fungal infection, appeared very soon after
surgery. Furthermore, an uncommon fungal pathogen
in LVAD recipients, Aspergillus niger, was isolated
from the LVAD valves on post-mortem examination,
but no signs of fungal infection/colonization were de-
tected elsewhere in the body. Overall, these data raise
the possibility of pre-/perioperative LVAD valve conta-
mination as the cause of the patient’s fatal fungal infec-
tion. Unfortunately, diagnosing fungal LVAD endo-
carditis remains difficult. As in the case presented
above, blood cultures are often negative in fungal pros-
thetic valve endocarditis, particularly when non-Candi-
da genera are the etiologic agent. In addition, LVAD
valves cannot be visualized at ultrasound or computed
tomography scan. de Jonge et al.6 recently reported that
immunoscintigraphy with Tc-99m labeled anti-granu-
locyte antibodies showed outflow valve endocarditis in
a patient with Staphylococcus aureus bacteremia of a
previously unidentified origin. Given the scarcity of di-
agnostic tools, the role of immunoscintigraphy in the
diagnosis of fungal LVAD endocarditis certainly de-
serves investigation. 

An additional peculiarity of the case described
above is the fact that the serum levels of procalcitonin
were within normal limits even in the late phases of the
infection – an unexpected finding, given its reported
excellent sensitivity for fungal infection7.

In conclusion, fungal LVAD endocarditis is a dead-
ly disease. Successful management requires a high
level of suspicion and timely intervention with an an-
tifungal therapy to control the infection until a suit-
able donor becomes available or the patient’s condi-
tions improve enough to allow the replacement of the
device. This has led some authors to recommend em-
piric antifungal therapy in all LVAD recipients with
culture-negative sepsis unresponsive to broad-spec-
trum antibiotics3. However, the toxicity of amphotericin
B, still the first-choice agent for most invasive fungal
infections, is significant rendering the management of
antifungal therapy in the often unstable LVAD recipi-
ents particularly challenging. Thus, it is not surprising
that many clinicians are reluctant to initiate a toxic
drug, which may lead to severe complications, with-
out convincing evidence of fungal infection. Hopeful-
ly, serologic methods based both on the detection of
fungal antigens and fungal DNA will prove helpful in
making earlier and more specific diagnoses, thus al-
lowing timely institution of adequate antifungal ther-
apy.

In the case reported the only factor that increased
the patient susceptibility to the fungal infection was his
history of non-insulin-dependent diabetes mellitus, at
the time of LVAD implant controlled by a diet. Diabetes
is known as a risk factor for any kind of infection, es-
pecially of an opportunistic type. Thus we feel that fun-
gal infection should be suspected whenever a fever of
unknown origin develops in such patients.
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Figure 3. Pathology preparation of the thrombus seen in figure 2 (A
10�, B 20�, C 40�). Within a fibrin matrix, with red blood cells and
few leukocytes included, fungal hyphae can be clearly recognized by
their hyalin and “bamboo rods” shapes. Notably, a very small number
of white blood cells are included in the thrombus, paralleling the absence
of leukocytosis at repeated blood analysis. In D an Aspergillus niger
colony, as grown on one of culture dishes in the microbiology lab: a stem
leading to a large crown may be clearly recognized (most looking like an
“Aspersorium” – used by priests to spread Holy Water).
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