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Opinion Statement

Cystic echinococcosis (CE) is a chronic, complex, and neglected disease. Its
treatment depends on a number of factors, such as location, size, and stage of
the cysts, and availability of therapeutic options. Despite the wealth of scientific
literature on treatment for echinococcosis, the current management of the dis-
ease is based on poor to moderate quality of evidence and recommendation
strength. In addition, therapeutic strategies have been developed over time
without systematic and adequate evaluation of their efficacy, effectiveness, and
safety. This is due to the lack of large, longitudinal, controlled studies, which in
turn is partly due to the chronicity of the disease which requires a follow-up of
many years. The lack of adequate funding makes these costly trials impossible to
implement. Although the recommended multidisciplinary and stage-specific ap-
proach may be available in referral centers, this is often not the case in many
endemic countries, where the most affected populations have limited access to
diagnosis and therapy, and where the risks associated with invasive procedures
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may be particularly high. The level of evidence on which clinicians have to rely is low. For the
time being, patients should preferably be treated in referral centers only. Proper comparative
clinical trials are urgently needed. Because of space constraints, this update will focus on the most
frequent location of CE, the liver.

Introduction

Cystic echinococcosis is a chronic, complex, and
neglected zoonotic disease, caused by the larval form

of the tapeworm Echinococcus granulosus, which develops
in organs and tissues of the intermediate hosts.

Epidemiology

E. granulosus occurs in all continents, with the highest prevalence in
parts of Eurasia, Africa, Australia, and South America. Within the en-
demic zones, the prevalence of the parasites varies from sporadic to
high.

The true incidence is difficult to determine because of the slow rate
of cyst growth and variable clinical presentation. Reports based on
hospital- and surgery-based surveys greatly underestimate the actual rates
of infection, especially in low socio-economic groups with limited access
to diagnosis and treatment.

Mass community-based surveys using portable ultrasound (US) scan-
ners, conducted in many remote, rural areas of the world, including
Tunisia, Libya, Tanzania, Kenya, Sudan, Ethiopia, Argentina, Uruguay,
and China, showed the real burden of disease, uncovering infection rates
of up to 6.6 % [1].

Pathogenesis

The adult intestinal form of E. granulosus is a small tapeworm 3–6-mm
long, attached to the small intestine of the definitive canine host (dogs,
coyotes, wolves). Cysts occur in herbivore intermediate hosts (sheep,
cattle, goats).

In the typical dog-sheep cycle, Echinococcus eggs are passed in the
feces of an infected dog and may be ingested by grazing sheep. They
hatch into embryos in the intestine, penetrate the intestinal mucosa, and
are carried by blood to major filtering organs, including the liver and
lungs. After the developing embryos localize in a specific organ or site,
they transform into cysts. The cyst contains small tapeworm heads or
protoscolices.

These protoscolices are infective to dogs that may ingest viscera
containing echinococcal cysts, when dogs are fed viscera of home-
slaughtered sheep or other livestock. Protoscolices attach to the dog’s
intestinal mucosa where they develop into mature adult tapeworms and
then restart the biologic cycle.
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Humans may become infected by ingesting tapeworm eggs passed
from an infected carnivore. This occurs most frequently when individ-
uals handle or contact infected dogs or other infected carnivores or
inadvertently ingest food or drink contaminated with fecal material
containing tapeworm eggs.

Increasingly, cases of CE in non-endemic countries are seen in im-
migrants from endemic countries.

Cyst Structure

In each anatomic site, cysts are surrounded by the periparasitic host tissue
(pericyst), which encompasses the endocyst of larval origin. The endocyst has
an outer, acellular laminated layer and an inner, or germinative, layer that gives
rise to brood capsules and protoscolices (Fig. 1). The cyst is filled with clear
fluid, numerous brood capsules, and protoscolices. Some cysts may also harbor
daughter cysts of variable size. The growth rate of the cysts is variable. The
average increase of cyst diameter is thought to be approximately 1 cm/year;
however, data on natural history are scarce.

Diagnosis

The diagnosis of CE is based mainly on imaging methods and on serology,
which has only a minor, confirmatory role. E. granulosus eggs are shed with the

Fig. 1. Diagrammatic representation of the metacestode of Echinococcus granulosus Source: WHO/OIE manual on echinococcosis in
humans and animals: a public health problem of global concern (Eds: J. Eckert, M.A. Gemmell, F.-X. Meslin and Z.S. Pawłowski).
Paris, France 2001.
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feces by the definitive hosts (canids) but not by intermediate hosts; therefore,
direct diagnosis in human intermediate hosts is only possible through dem-
onstration of viable protoscolices in the cyst, which can be obtained at surgery
or by percutaneous aspiration.

Natural History

Although the exact sequence of structural and metabolic changes occurring to
echinococcal cysts during their natural history is still unclear, longitudinal
studies using ultrasound in untreated people have shown that cysts may evolve
spontaneously from unilocular fluid-filled cysts to forms with semi-solid con-
tent and a calcified wall, passing through other morphologically different
stages, including a detached endocyst and daughter vesicles. This morpholog-
ical heterogeneity mirrors different states of the cysts’ biological activity and,
most importantly, correlates with different response rates to nonsurgical treat-
ments [2].

Clinical Presentation and Treatment Options

The clinical presentation of CE is protean and depends on many variables,
including location, number, size and stage of the cysts, and presence of com-
plications. There are four management options for CE, surgery, percutaneous
treatment, medical treatment with benzimidazoles, and watch and wait or
expectant management.

All these options, however, have developed over decades without adequate
comparative evaluation of efficacy, effectiveness, rate of adverse events, relapse
rates, and cost.

One key element in clinical decision-making for liver CE is the
standardized WHO classification of echinococcal cysts proposed by the
WHO IWGE in 2003.

The classification has made possible a stage-specific approach to
hepatic CE. This approach is currently adopted in several referral centers
and pending randomized clinical trials comparing systematically treat-
ment options, remains the most rational way to manage patients with
hepatic CE (Fig. 2).

Surgery

Surgery for hepatic CE maintains a central role in complicated cysts
(rupture, biliary fistulas, compression of vital structures, bacterial su-
perinfection, hemorrhage), cysts at high risk of rupture, or large cysts
with many daughter vesicles, that are not suitable for percutaneous
treatment approaches.
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Surgery can be performed as an open procedure, with radical or
conservative techniques, or through a laparoscopic approach, but criteria
to be used to allocate patients to the various options are still the subject
of debate.

In what is possibly the largest review of the literature on laparoscopic
surgery for CE, which included including 914 patients with 1116
echinococcal cysts, the most common procedure was cystectomy
(60.39 %), followed by partial pericystectomy (14.77 %) and
pericystectomy (8.21 %); the rest were segmentectomies. Conversion to
open laparotomy occurred in 4.92 % of cases, due to anatomical limi-
tations or inaccessible locations. The overall mortality was 0.22 %, and
morbidity was 15.07 %, with no intraoperative deaths reported. The
most common complication was bile leakage (57/914) [3].

Radical surgery aims to remove the entire cyst, including
the pericyst, with or without hepatic resection. In conservative proce-
dures, only the parasitic material is removed, whereas part of the
pericyst is left in place. The residual cavity is usually managed with
omentoplasty.

A relatively new technique is subadventitial cystectomy. A fibrous
membrane exists between the cyst and the pericyst, a structure covered
by the compressed Glisson and hepatic vein systems, with a small gap
between them, and the fibrous capsule. Along this space, the cysts can
be completely separated from the liver to minimize hepatic injury and
without spillage of their contents. This technique, called subadventitial

Fig. 2. WHO IWGE standardized classification of echinococcal cysts.
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cystectomy, is believed to reduce the number of postoperative biliary
fistulas [4].

In a retrospective study comparing 52 patients who underwent
subadventitial cystectomy and 27 patients who underwent resection of
the protruding dome, the latter had 4 cases of long-term cavity-related
complications, and the authors concluded that this renders subadventitial
cystectomy preferable [5].

Radical procedures are generally found to bear greater intraoperative
risks and less postoperative complications (biliary fistula, superinfection)
and relapses compared with conservative surgical procedures but in these
retrospective studies a strong bias could be from selection of candidate
patients, surgical team experience, historical period considered and, with
regard to relapse rates, the length of follow-up. A recent retrospective
study on 170 patients, half of whom underwent radical surgery and the
other half conservative surgery, could not demonstrate that radical sur-
gery reduces recurrence [6].

A peculiar problem is represented by cysts adjacent to the inferior
vena cava (IVC).

In a study of 32 patients with such cysts, radical surgery was per-
formed in 20 of them, with a 28 % morbidity rate and a 3 % mortality
rate. The authors conclude it should not be performed routinely in cysts
located in segments VIII, I, and IV and in upper segments of the IVC in
contact with the hepatic vein and/or right atrium. They also propose a
cyst classification based on location of the cyst and length of contact
and degrees of involvement of the IVC [7].

The main postoperative complications of surgery for CE are second-
ary bacterial infection of cysts and cystobiliary communications leading
to biliary obstruction or obstructive cholangitis.

For cysts with bacterial superinfection, open surgery is recommended
by surgeons although percutaneous management of this complication is
an option.

Cysto biliary communications are best diagnosed preoperatively by
MR cholangiography (MRC) [8]. Gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-MRC yields infor-
mation that complements T2-weighted MRC findings and improves
identification of cistobiliary communications [9].

The management of bilio-cystic fistulas has never been evaluated in
randomized clinical trials. Two recent systematic reviews addressed the
efficacy and safety of ERCP treatment with cysto-biliary communications
[10, 11]. These analyses graded as level IV and grade C the evidence of
ERCP use in the following cases: (1) preoperatively, to define cysto-
biliary relations and to treat biliary obstruction, thus making surgery
possible; (2) postoperatively, to decrease the incidence of external
fistulization and biliary complications by avoiding surgical revision of
the bile duct, or as the only intervention when complete evacuation of
the biliary tract and cyst content is possible, or again, to facilitate the
diagnosis and treatment of obstruction, cholangitis and external biliary
fistulae.

158 Travel Medicine (O Vielemeyer, Section Editor)



Other non-surgical techniques that successfully treated biliary com-
plications, especially in patients where ERCP failed, have also been
published in case reports [12].

Benazzouz and colleagues treated 47 hydatid cysts with biliary rup-
ture with an 80.8 % success rate without the need for surgery with
percutaneous drainage alone with a large bore catheter, associated with
endoscopic biliary clearance in case of failure. In the case of frank
fistula, the first-line treatment was endoscopy alone, associated with
percutaneous drainage in case of failure [12].

It should not be forgotten that even in the most experienced hands,
serious complications can result from ERCP, including pancreatitis,
bleeding, infection, or perforation [13].

Postoperative Complications
A study conducted in Chile on 126 patients with uncomplicated echinococcal
cysts found an incidence of post operative morbidity was 10.3 %, with 76.9 %
Clavien grade I or II. Medical complications were 6.5 %, and surgical compli-
cations were 4.1 %. There was no mortality and a recurrence rate of 0.8 % [14]
with a median follow-up of 83 months.

Local recurrence and secondary echinococcosis is associated with spillage
during removal of the cyst, incomplete removal of the endocyst and possibly
the presence of unnoticed exophytic cyst development.

Perioperative ABZ prophylaxis continues to be recommended as a measure
to minimize the risk of secondary cystic echinococcosis resulting from spillage
of fluid [15, 16].

Percutaneous Treatments

Percutaneous treatments for abdominal cystic echinococcosis were introduced
in the mid-1980s and over the years developed into an attractive alternative to
surgery and benzimidazole derivatives for certain cyst stages.

Percutaneous treatment modalities aim either to destroy the germinal layer
with scolecidal agents or to evacuate the entire endocyst.

The most popular method in the first group is PAIR (short for puncture,
aspiration, injection of a scolecidal agent and re-aspiration), whereas several
modified catheterization techniques belong to the second group, and are
generally reserved for cysts that are difficult to drain, or tend to relapse after
PAIR (multivesiculated cysts or cysts with predominantly solid content and
daughter cysts).

Catheterization techniques are based on the aspiration of the “solid” con-
tents of the cyst, the germinal, and the laminated layer, through a large-bore
catheter or device.

The puncture of echinococcal cysts has long been discouraged because of
risks of anaphylactic shock and spillage of the fluid; however, a systematic
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analysis on percutaneous aspiration of echinococcal cysts reported only 2 cases
of lethal anaphylaxis (0.04 %) and 99 reversible anaphylactic reactions (1.8 %)
were reported out of 5943 percutaneous aspiration procedures on 5517 hepatic
and non-hepatic echinococcal cysts [17].

Peritoneal seeding has never been reported, but it is difficult to assess its
actual rate because many series have a short follow-up time. Prophylactic
administration of ABZ for at least 30 days after puncture is a cautionarymeasure
that should always accompany PAIR [15].

PAIR is performed with several variants of the standard protocol and is
generally successful (i.e., conducive to permanent solidification) in CE1 and
CE3a cysts. A few studies with long-term follow-up indicate that
multivesiculated cysts (i.e., CE2 and CE3b) tend to relapse repeatedly after PAIR
[15, 18].

One of the advantages of PAIR conducted on cysts that are respon-
sive to this type of procedure (small and mid-sized CE1 and CE3a) is
that it can be performed as an outpatient procedure, as shown on a
small retrospective study in which 35 cysts were treated with PAIR on an
outpatient basis [19].

Catheterization techniques have mostly been applied to the treat-
ment of partially solid or multivesiculated cysts, allowing the aspiration
of the cyst content and evacuation of the parasite membranes. They
present a useful alternative to surgery for those cyst stages poorly
responsive to medical treatment and PAIR but no study has assessed
their performance in randomized clinical trials [12]. Although these
techniques have been applied safely and with a good short-term success
rate, only a limited number of cases have been treated with each
technique, and the overall length of follow-up may have been too short
to assess the real relapse rate.

Medical Treatment

The use of benzimidazole (BZD) carbamates in the treatment of CE was
introduced in the 1970s. While both albendazole (ABZ) and
mebendazole (MBZ) have been proven effective against the larval stage
of E. granulosus, ABZ is the current treatment of choice due to better
absorption. ABZ is administered orally at a dose of 10–15 mg/kg per
day generally for 3–6 mo; administration should be continuous without
treatment interruptions, in contrast to the early recommendations issued
in the 1980s.

However, the optimal dose and duration of treatment with ABZ have
not been formally assessed. Studies are small and few have adequate
controls.

Factors associated with treatment outcome include cyst stage, size,
and location. Unilocular (CE1 and CE3a) cysts and small cysts (G6 cm)
respond better and faster to ABZ treatment compared with
multivesciculated (CE2 and CE3b) and larger cysts, with a lower relapse
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rate as shown in the systematic review by Stojkovic et al. [20].
Adverse effects of BMZ include headache (10 % of cases), gastroin-

testinal symptoms (56 %), hepatotoxicity, severe leukopenia, neutrope-
nia or thrombocytopenia (G1 %), and alopecia (2 %).

Increases in aminotransferases (15 % cases) may be due to drug-
related efficacy or to real drug-related toxicity. Risks observed in labo-
ratory animals include embryotoxicity and teratogenicity. While terato-
genicity is theoretical, it is nonetheless good practice to avoid use during
pregnancy whenever possible.

If ABZ is not available or not tolerated, MBZ, the first BMZ tested
against Echinococcus, may be used at a dosage of 40–50 mg/kg body
weight, in three divided doses during fat-rich meals.

Praziquantel (PZQ) 40 mg/kg once a week in combination with ABZ
seems more effective in killing protoscoleces than ABZ alone. Other
clinical studies evaluating this combination are available but they do not
clarify whether PZQ has a pharmacological effect in its own right or acts
only by enhancing ABZ absorption. The usefulness of PZQ to avoid
secondary echinococcosis needs confirmation [15].

The pharmacological activity mediating BZ action is based on bind-
ing to parasite β-tubulin, which produces a subsequent disruption of the
tubulin-microtubule dynamic equilibrium preventing proper assembly of
the cytoskeleton.

However, due to the fact that parasite and host beta-tubulin are
highly similar [21], benzimidazole administration is associated with
adverse side effects, is parasitostatic only and, often has to be continued
for months or, in some locations, years.

Clearly, novel chemotherapeutic options are urgently needed. New
perspectives in this area have been opened up by the recent characteri-
zation of the whole nuclear genomes of E. multilocularis and E. granulosus
[22, 23].

These studies revealed extensive adaptations to parasitism in the
tapeworm genomes, such as the loss of several pathways important for
the de novo synthesis of amino acids nucleotides, fatty acids, and
cholesterol, which have to be taken up from the host.

Cestodes appear to have expanded or evolved genes for the modu-
lation of the host immune system. These studies identified promising
drug targets such as G-protein-coupled receptors (GPCRs), ion channels,
proteases, and kinases that are expressed in the clinically relevant
metacestode stage [22, 23].

Substances are available that can be tested against these targets for
antiparasitic activities in established in vitro and in vivo models for
Echinococcus infections [21].

Another crucial finding was that cestodes seem to employ a highly
modified stem cell system. The implications of these modifications
on stem cell maintenance and dynamics could be related to the unlim-
ited proliferation capacity typically observed in cestode larvae
(e.g., Echinococcus).
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Since the germinative cells are the only proliferating cell type in
Echinococcus, scientists believe they must be the crucial drivers of fre-
quently observed recurrences (e.g., unresponsiveness of CE2 and CE3b
cysts to albendazole and PAIR).

Analysis has shown that germinative cells are also insensitive to the
currently available chemotherapy, because they exclusively express a beta
tubulin with limited affinity to benzimidazoles [24]. Efforts should
therefore concentrate on targets expressed in germinative cells since this
is the crucial cell type driving parasite proliferation, differentiation, and
regeneration within the host.

Non-Surgical-Non-Medical Approaches

Curative or palliative non-surgical, non-chemical interventions in CE and AE
were recently reviewed. In CE, some of these techniques, like radiofrequency
thermal ablation (RFA), were shelved after initial attempts, while others, such as
high-intensity focused ultrasound, appear promising but are still in a preclinical
phase [12].

Watch and Wait

Experts in a few referral centers have long managed expectantly inactive cysts of
the liver that remain free of complications for years. A recent paper has shown in
detail for the first time that this option is viable in referral centers when strict
follow-up can be implemented and patients are compliant [25••]. If the safety
of this approach is confirmed on larger cohorts, this simple, inexpensive option
can save an enormous amount of useless drug prescriptions and surgical
inteventions, as a remarkable percentage of patients with hepatic CE harbor
inactive, non-complicated cysts [26].

Although CE2 and CE3b cysts are probably best treated with surgery (there
are no studies comparing these two treatments) in selected (i.e., uncomplicat-
ed) echinococcal cysts of the liver watch and wait can also be applied as a bridge
to surgery [27•]).

Stage-Specific Approach

Despite the dearth of randomized clinical trials evaluating treatment options,
with the ensuing lack of evidence, the clinical management of hepatic CE is
facilitated by the standardization of US classification, which enables clinicians
to identify the most rational option on the basis of cyst stage (Fig. 1).

Experience with this approach has shown that small (G5 cm) univesicular
CE1 and C3a cysts tend to respond well to ABZ treatment, while larger cysts are
treated preferentially with PAIR [15] plus ABZ. Giant cysts (910 cm) should be
treated with a catheter left in place until the drainage is minimum, usually
about 3 weeks.

Unfortunately, as a recent review of the literature [28•] and a survey of
clinicians managing patents with CE [29••] have shown, the standardized
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classification and stage-specific approach have so far been adopted by a mi-
nority of clinicians. This constitutes yet another obstacle to the improvement of
quality of care offered to these patients; therefore, every effort should be made
by clinicians in endemic and non-endemic countries alike, to choose a stage-
specific approach, whenever possible.
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