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Peter Kern,1* and Burkhard J. Manfras1

Section of Infectious Diseases and Clinical Immunology, Department of Medicine III,1 Department of Nuclear Medicine,2

Department of Medicine II, Cardiac MRI,3 and Department of Radiology,4 University Hospital of Ulm, Ulm, Germany

Received 16 July 2003/Returned for modification 18 July 2003/Accepted 21 August 2003

Most patients with alveolar echinococcosis are diagnosed at a late stage when the disease has advanced to
unresectable hepatic lesions. These patients require lifelong therapy with benzimidazoles, the only medical
treatment currently available. To date, no treatment option remains for patients with benzimidazole intoler-
ance or treatment failure. Amphotericin B was recently shown to exert antiparasitic activity in vitro. Here, we
report the efficacy of amphotericin B in human alveolar echinococcosis. In three patients with extensive disease
and without further treatment options, disease progression had been documented over several months. They
were treated with amphotericin B intravenously at a dose of 0.5 mg/kg of body weight three times per week.
Follow-up parameters were physical examination, laboratory parameters, and imaging techniques. Amphoter-
icin B treatment effectively halted parasite growth in all three patients. The antiparasitic effect was most
evident by spontaneous closure of cutaneous fistulae in two patients and by constant size of parasitic lesions
during treatment, as assessed radiologically. Metabolic activity in parasitic areas was visualized by positron
emission tomography and significantly decreased during treatment. However, progressive affection of the heart
in one patient could not be stopped. All patients currently continue on amphotericin B and have been treated
for 25, 17, and 14 months, respectively. We introduce amphotericin B as salvage treatment for alveolar
echinococcosis patients with intolerance or resistance to benzimidazoles, as it effectively suppresses parasite
growth. Amphotericin B is not parasitocidal; therefore long-term treatment has to be anticipated.

The larval stage of Echinococcus multilocularis causes alve-
olar echinococcosis (AE). Surgical resection of hepatic lesions
is often incomplete due to the diffuse infiltration into nonre-
sectable structures or insufficient safety margins (7).

Benzimidazoles (i.e., mebendazole and albendazole) are the
only drugs licensed for the treatment of unresectable AE (6).
These drugs have a parasitostatic effect on E. multilocularis
metacestodes. Adverse reactions lead to treatment interrup-
tions in up to 10% of cases (3, 25), and treatment failure has
been reported in 16% of patients (4). The overall success rate
ranges somewhere between 55 and 97% (19, 25). In cases with
treatment failure the disease will ultimately progress to death.

New chemotherapeutic strategies against AE are needed,
because alternative treatments have been tested with very lim-
ited success (11, 14, 21, 30). Recently, suppression of parasite
growth with amphotericin B (AMB) was demonstrated in an in
vitro tissue culture model (26). We now report on the first
three AE patients treated long-term with AMB.

MATERIALS AND METHODS

AMB deoxycholate treatment. After a loading dose of 0.5 mg/kg of body weight
daily for the first 2 weeks, patients were treated as outpatients and were given
AMB three times per week intravenously. For better tolerance of the drug 1 liter
of isotonic sodium chloride was given concomitantly. In addition, patients were
instructed to maintain a daily fluid intake of more than 4 liters. They were
regularly monitored at our center at intervals of 6 to 12 weeks. In addition,
patients visited their general practitioner three times weekly for the administra-

tion of AMB, as well as for clinical evaluation and follow-up of laboratory
parameters. The guidelines of the University of Ulm for human experimentation
were followed in the conduct of the clinical research, and written informed
consent was obtained from all patients for this exploratory trial.

Diagnostic criteria and follow-up parameters. Diagnosis of AE was either
based on histology, if applicable, or on a typical morphological appearance of
lesions by standardized ultrasound imaging (US) and computerized tomography
(CT) or magnetic resonance imaging (MRI) in conjunction with serum antibod-
ies (serology) (16). In addition, an FDG-PET (14F-deoxyglucose positron emis-
sion tomography) scan was used to assess parasite activity (28).

Imaging techniques. (i) For US examinations an HDI 3000 diagnostic US unit
(Advanced Technology Laboratories, Bothell, Wash.) with a 2- to 4-MHz convex
transducer head was used. (ii) A standardized spiral CT instrument (Twin;
Elscint, Haifa, Israel) was acquired for examination of the liver with an effective
slice thickness of 5.5 mm. For contrast enhancement, the nonionic Ultravist-300
(Schering, Berlin, Germany) was used. (iii) Abdominal MRI was performed in a
closed cylindrical high-field system of 1.5 T (MagnetomVision; Siemens, Munich,
Germany) with a slice thickness of 8 mm, with gadolinium-diethylenetriamine-
pentaacetic acid (Gd-DTPA) for postcontrast images. (iv) For cardiac MRI a
cardiovascular whole-body scanner (1.5-T Intera CV; Philips, Best, The Nether-
lands) with a phased-array surface coil was used. First-pass perfusion and late
enhancement were assessed using gradient echo sequences with Gd-DTPA. (v)
FDG-PET is a noninvasive technique in nuclear medicine that has proven valu-
able for the detection of tissue viability and for the discrimination between active
and inactive lesions of E. multilocularis in humans (28). FDG-PET was per-
formed using a high-resolution full ring scanner (ECAT HR�; Siemens/CTI,
Knoxville, Tenn.).

Laboratory parameters. Routine laboratory tests (blood count and differen-
tial, alkaline phosphatase, aspartate transaminase, alanine transaminase, gam-
ma-glutamyltransferase, C-reactive protein, erythrocyte sedimentation rate, and
creatinine) and total and specific immunoglobulin E (Pharmacia Diagnostics,
Uppsala, Sweden), as well as the Echinococcus indirect hemagglutination assay
(bioMérieux, Nürtingen, Germany) and the specific E. multilocularis enzyme-
linked immunosorbent assay (Bordier Affinity Products, Crissier, Switzerland),
were used.

Viability testing. In vivo viability testing was performed by injection of larval
tissue into Mongolian gerbils, as described previously (15). Briefly, minced larval
tissue was injected into the peritoneal cavity of two gerbils. After 6 weeks
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intraperitoneal larval growth was assessed, and the proliferation of vesicles
confirmed the viability of the larval tissue.

RESULTS

Case 1. Incurable AE in this 67-year-old woman was first
diagnosed in 1976 with multiorgan involvement, including
liver, skin, ribs, and heart. She first presented to our clinic in
1995. Repeated attempts at benzimidazole treatment failed
due to marked elevation of transaminase levels, �20 times the
upper normal limit. She had undergone several palliative re-
sections of parasitic lesions and suffered from chronic cutane-
ous fistulae with massive suppuration from the sternal area,
requiring dressing changes twice daily (Fig. 1a). Viability test-
ing from the fistular aspirate revealed E. multilocularis larvae.
The patient had been without drug treatment for several years
when in 2001 an accelerated enlargement of the hepatic lesion
of 4 cm had been documented by CT over 9 months. Progres-
sive cardiac involvement consisted of a parasitic lesion at the
septum and the apex of the left ventricle (volume, 110 ml).
Cardiac MRI showed impairment of the left ventricular func-
tion (ejection fraction, 52%) with anteroseptal akinesia. FDG-

PET revealed parasitic metabolic activity of the thoracic wall,
and AMB treatment was started in May 2001.

Course under AMB treatment. The cutaneous fistulae spon-
taneously closed after 4 months of treatment with AMB (Fig.
1b). A marked regression of subcutaneous lesions of the ab-
dominal wall was documented by CT over 25 months, the liver
lesion slightly regressed, and metabolic activity in the area of
parasitic lesions (including liver, subcutaneous tissue, and ribs)
decreased. However, the volume of the septal cardiac infiltra-
tion increased from 110 to 160 ml. Metabolic activity in the
affected heart area remained high.

Case 2. Hepatic AE in this 17-year-old patient was first
diagnosed at the age of seven. Treatment with benzimidazoles
had failed to stop his extensive liver disease, because in addi-
tion to AE the patient was chronically immunocompromised
due to hyper-immunoglobulin E syndrome. The latter is a rare
congenital immunodeficiency disorder characterized by hyper-
immunoglobulinemia and recurrent infections (12, 29). The
aggressive course of disease had led to repeated surgical re-
sections of hepatic lesions over the years, and new progression
was documented by MRI over 6 months despite benzimidazole

FIG. 1. AE of the sternum with involvement of the subcutaneous tissue and cutaneous fistulation. The fistula was draining purulent liquid
before AMB treatment (a) and was completely closed 4 months later (b). Viable E. multilocularis larvae were found in the aspirate from the fistulae
when it was injected into Mongolian gerbils.
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treatment (Fig. 2a and b). At least seven new lesions were
detected. FDG-PET showed increased parasitic metabolic ac-
tivity (Fig. 2b, right image). AMB treatment was initiated in
January 2002.

Course under AMB treatment. After a slight progression
over the initial 6 weeks, the size of the hepatic lesions re-
mained constant for the next 12 months. FDG-PET revealed
decreasing metabolic activity during the course of AMB treat-
ment, and after 7 months of AMB treatment the number of
metabolically active foci had decreased (Fig. 2c, right image).

The course of treatment was complicated by nephrotoxicity
with elevated creatinine levels of up to 280 �mol/liter (normal
level, �96 �mol/liter). Despite vigorous hydration and sodium
loading, AMB had to be reduced to a twice-weekly application,
and creatinine levels remained moderately elevated hereafter.

Twelve months after initiation of AMB treatment cholangi-
tis due to Pseudomonas aeruginosa caused obstruction of the
left bile duct. Stable AE was demonstrated at this point. The
left bile duct was drained by percutaneous transhepatic chole-
dochostomy. Several weeks later, papillosphincterotomy and
stenting of the bile duct were performed. Recurrent bleedings
occurred from the sphincter of Oddi due to thrombocytopenia.
AMB was stopped for almost 3 months during this phase of
critical illness. Hepatic parameters normalized after adequate

antibiotic treatment. Two months later, new disseminated in-
fection of the left liver lobe was detected by MRI, and histo-
logical examination after fine-needle puncture revealed E.
multilocularis larvae. AMB treatment is being continued.

Case 3. In this 60-year-old man hepatic AE was first diag-
nosed in 1992, and hemihepatectomy was performed. Subse-
quently, no hepatic or extrahepatic affection was detected until
1998 when he developed a suppurating cutaneous fistula below
the sternum. Viability testing from the suppurating material
showed growth of E. multilocularis larvae. In September 2000,
progressive disease was detected in the ventral thoracic wall,
including subcutaneous nodules. Benzimidazole treatment had
repeatedly failed due to hepatotoxicity with transaminase lev-
els �10 times the upper normal limit. Until March 2002, the
cutaneous fistula was increasingly suppurating and the subster-
nal parasitic mass had progressed from 3 by 6 cm to 7 by 8 cm.
FDG-PET showed hot spots in the subcutaneous tissue of the
ventral abdominal wall (Fig. 3), and AMB treatment was
started in April 2002.

Course under AMB treatment. The subcutaneous lesions
were evaluated by CT and MRI and did not progress during
AMB treatment. The substernal fistula closed after 3 months,
and FDG-PET depicted a marked regression of signal intensity

FIG. 2. Progressive disease was noted on MRI in patient 2 during benzimidazole treatment between July 2001 and January 2002 (a and b, left
images). During progression, intense metabolic activity in the parasitic area was shown on FDG-PET (b, right image). At this point AMB treatment
was initiated. Progression could be halted (c, left image), and metabolic activity in the parasitic area decreased (c, right image).

3588 REUTER ET AL. ANTIMICROB. AGENTS CHEMOTHER.



in the area of the subcutaneous nodules (Fig. 3). The patient
has now been successfully treated for 14 months.

DISCUSSION

The treatment of patients with progressive AE after failure
of conventional therapy with benzimidazoles has been limited
to supportive care. Once therapeutic options such as surgical
measures and benzimidazole treatment have been exhausted,
the disease usually progresses to death over months or a few
years (3). Therefore, alternatives to benzimidazoles are ur-
gently needed. A novel potential chemotherapeutic option was
recently discovered by demonstrating that AMB suppresses
larval growth of E. multilocularis in vitro (26).

In AE, enlargement of lesions is slow and therefore demon-
stration of progressive disease requires a period of several
months. In our patients, progression was observed over 9, 6,
and 6 months, respectively. Equally, sufficient time needs to
elapse before therapeutic efficacy can be reliably evaluated. In
our patients, this period clearly exceeded the period of prior

disease progression (25, 17, and 14 months, respectively) (Ta-
ble 1).

Successful treatment comprises regression of lesions and
stable disease. Stable disease is considered therapeutic success,
because parasitic material is often not degraded by the host
(5). In this study, AMB treatment was able to halt parasitic
growth, as assessed radiologically (27). Success was also ob-
served clinically in two cases when chronic cutaneous fistulae
spontaneously closed after a few months of AMB treatment.
Furthermore, FDG-PET showed a decrease of metabolic ac-
tivity in parasitic areas. Interestingly, in patient 1 the lesion in
the heart septum progressed during treatment, despite thera-
peutic success in the cutaneous and hepatic areas. We assume
that these discrepant treatment responses may be due to dif-
ferences in drug concentrations in tissue.

AMB not only is a broad-spectrum antifungal drug but also
has diverse antiprotozoal activity against Leishmania and
Trypanosoma species (13, 24, 33). Its destructive mechanism
against E. multilocularis could be explained by formation of
complexes with membrane phospholipids (10), which are ma-

FIG. 3. Sequence of FDG-PET images during AMB therapy in patient 3. The antiparasitic activity of AMB is shown by a significant reduction
of metabolic activity in the parasitic area over time. The upper row shows coronal views with a metabolically active focus in the subcutaneous tissue
of the ventral thoracic wall (arrows pointing right). In the lower row the same focus is depicted in a lateral view (arrows pointing left).
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jor components of E. multilocularis larval membranes (22, 23).
Furthermore, AMB (20, 32) has an effect on membrane-bound
enzymes (2) and binds to sterols, thereby forming transmem-
brane channels (1, 8, 9, 31).

It was clear from the beginning that AMB would have to be
given permanently due to its parasitostatic effect on E. mul-
tilocularis larvae in vitro (26). In those experiments AMB was
effective at concentrations between 0.625 and 2.5 �g/ml, and
benzimidazoles were used at 1 �g/ml. After discontinuation of
AMB resurgence of vesicles was noted and vesicle growth
could again be suppressed by retreatment with AMB. In the
present study, the progressive infection in patient 2 after tem-
porary discontinuation of AMB demonstrates that this parasi-
tostatic effect holds true in vivo as well.

A potential limitation to permanent AMB treatment could
be nephrotoxicity due to glomerular and tubular injury. Thus,
usage of the minimal effective dose was a primary goal, and we
treated our patients with 0.5 mg/kg three times per week.
Recent in vitro experiments had suggested that cyclic dosing
with intervals of several weeks of drug hiatus still resulted in
sustained suppression of vesicle growth (26). Initially, we ob-
served elevation of serum creatinine levels in all patients. In
patient 2 only, the creatinine level rose to almost triple the
upper normal limit but completely normalized after AMB ad-
ministration was stopped for 2 weeks. Subsequently, the fre-
quency of AMB administration was reduced to twice weekly in
this patient, with moderate increases in creatinine levels there-
after. It should be a task for future clinical studies to investi-
gate the role of less nephrotoxic derivatives, such as heat-
treated AMB (17) or lipid-associated formulations of AMB.
Besides thrombocytopenia (patient 2), no further significant
alteration of laboratory parameters was noted in any patient.

Sodium loading and maintaining a high urine output of more
than 4,000 ml/day during AMB treatment were shown to re-
duce the risk of tubular necrosis and renal failure (18). By
pursuing this strategy in our patients serious organ damage was
prevented.

Our patients had intravenous ports implanted to facilitate
drug applications. Despite the obstacles and potential risks
that salvage treatment with AMB implies, all three patients
have shown excellent compliance to date. They are aware of
the fact that additional therapeutic options are currently lack-
ing and that the containment of their progressive disease is at
stake.

In conclusion, AMB effectively inhibits larval growth of
E. multilocularis in vivo. For salvage treatment AMB is a prom-
ising treatment modality for otherwise untreatable AE. Pro-
longed application of AMB over months to years appears fea-
sible, as side effects were mild and serious organ damage was
preventable.
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