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Abstract

Background: Echinococcosis is an uncommonly encountered zoonotic disease caused by the
taeniid Echinococcus. The only endemic species in Australia, £ granulosus, forms cysts in
the liver in seventy percent of cases.

Aim: To review the literature to provide an evidence-based narrative update on the diagnosis
and management of hepatic cystic echinococcosis in Australia.

Methods: We reviewed the literature, utilising multiple research databases and citation
tracking. Original research and review articles examining the diagnosis and management of
hydatid disease in adults, published prior to 2016, and in the English language were included
in our review.

Results: Ultrasound is the gold-standard screening test, whilst computed tomography has a
role in emergency presentations and screening for multi-organ involvement. Magnetic
resonance imaging is preferred second-line imaging and better demonstrates biliary
involvement. Medical therapy or PAIR may be appropriate in selected cases however,
surgery remains the definitive treatment for active, large (>5cm), symptomatic or
complicated cysts. A variety of surgical techniques have been described, including
conservative, radical and minimally-invasive procedures. There is currently no consensus
approach; surgical modality should be tailored to patient factors, relevant anatomy, local

facilities and surgeons’ expertise.
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Conclusion: Diagnosis and therapy in hepatic hydatid cysts (HHC) have been significantly
advanced by imaging, interventional radiology and surgical approaches in recent years.
Surgery remains the mainstay of treatment for large, active, complicated or symptomatic

hepatic hydatid cysts.

Background

Echinococcosis is a zoonotic, cyst-forming disease caused by the larval stage of the taeniid
Echinococcus. Humans are inadvertent intermediate hosts in the life cycle of the tapeworm,
which matures in the small bowel of canids (dogs and dingoes) and reproduces in the solid
viscera of grazing animals (sheep, cattle, and macropodids). Humans become infected via

ingesting eggs shed in dog faeces.

E granulosus is the only species endemic to Australia and human infection is termed cystic
echinoccocosis (CE). CE may produce a spectrum of disease from a singular, asymptomatic
cyst to severe, complicated infection. Complicated disease typically results from cyst rupture,
cyst contents communicating with the biliary tree or peritoneal cavity, secondary infection, or
the mass effect exerted on adjacent organs. Cysts grow 1-5cm per year and consist of a
fibrous host-derived outer layer (pericyst), an acellular, laminated membrane (ectocyst) and a

nucleated inner layer (endocyst)'.
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Alveolar echinococcosis (AE), caused by E multilocularis, is extremely rare in Australia. AE
may be acquired in remote areas of Europe, Asia, China, Canada, and Alaska’. After a latent
period of 10-15 years, untreated AE develops a progressive course with significant mortality
(>90%). Both CE and AE are considered re-emerging zoonoses of public health importance”.

This review refers only to the diagnosis and management of hepatic CE.

Epidemiology in Australia

E granulosus was introduced into Australia with sheep-grazing®. The G1 genotype (‘sheep
strain’) established viable reservoirs in native wallabies and kangaroos and has been readily
disseminated by dingoes and wild dogs >. 80-100 cases of echinococcosis are diagnosed
across Australia each year (0.4 per 100,000 population), though the true prevalence of CE is
unknown due to the asymptomatic nature of many infections and frequent underreporting.
Rates in rural areas are higher than equivalent urban populations (0.9 per 100,000), and rural
Aboriginal people are disproportionally represented (5.5 per 100,000)°. The highest rates
recorded on mainland Australia have been in rural north-east and south-east NSW (23.5 per

100,000)°.

Risk factors for CE include previous episodes of echinococcosis, occupational and domestic
exposure to dogs, and travel to or from endemic areas. Case-control studies suggest the risk is
highest in settlements of <500 people, and increases with the number of dogs kept and

number of years of coexistence with them’. The fatality rate of CE is dependent on the site of
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infection and availability of appropriate medical treatment. The overall mortality rate is 0.2

per 100,000 population®.

Simple control measures (i.e. dry dog foods, three-monthly praziquantel dog-deworming,
hand hygiene, legislation and education) have significantly reduced the transmission of
Echinococcus between domestic dogs and humans. Novel control measures in development
include a new dog-stage vaccine and EG95 recombinant sheep vaccine *. Tasmania was
declared hydatid-free in 1996 thanks to a government-sponsored eradication campaign’. A
similar program in New Zealand resulted in no new cases being reported in persons under 19

years of age since 1977

Clinical Features

Population-based screening studies suggest that half of CE infections are asymptomatic®.
Signs or symptoms relate to the site and size of the cyst within organs, rate of growth and
mass effect, hosts’ immunologic response or susceptibility of cysts to secondary infection'.
Due to the portal venous migration of parasites, 70% of CE occurs primarily in the liver. CE

typically presents with a solitary cyst in a single organ (usually liver or lungs), however

between 20-40% of cases have either multiple cysts or multi-organ involvement''.

Common clinical features of HHC include a hepatic mass, right hypochondrial pain, nausea

and vomiting. Chronic infection may present with biliary colic, hepatomegaly, fistulae,

abscesses, jaundice, ascites, portal hypertension, and IVC or Budd-Chiari syndromes.
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Complicated HHC are almost always symptomatic, and broadly categorised into either
rupture or secondary infection'?. Perforated cysts communicating with the biliary tree may

present with cholangitis, while acute intraperitoneal rupture may result in anaphylaxis.

Imaging

Radiological investigations are able to provide definitive diagnosis of CE in the majority of
cases and modalities may include ultrasound (US), computed tomography (CT) and magnetic

resonance imaging (MRI).

US is considered the gold-standard screening test. US appearance of hepatic CE has been
described using a standardised World Health Organisation (WHO) classification (Table 1)".
CE 1-3 have pathognomonic features, exhibiting either ‘hydatid sand’ (suspended
protoscoleces), ‘honeycombing’ (daughter cysts), or the ‘water-lily sign’ (floating internal
membranes). Pericystic calcification may be present in inactive cysts and can be seen as a
hyperechoic ‘arch-shaped’ contour with acoustic shadowing. While CE 1-3 do not generally
require further diagnostic imaging, screening of abdominopelvic organs with US and a chest

x-ray is advised.

CT may be useful screening for extrahepatic disease, identifying small cysts (elcm in
diameter), and observing the internal architecture of cysts, liver parenchyma and biliary tree.
CT has a high specificity and sensitivity (approaching 96%) when used in conjunction with

serology®, and may identify intraperitoneal rupture or the cyst-wall thickening redolent of
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secondary infection. Both US and CT can detect cyst wall discontinuity indicative of cyst

rupture, however small communications are best described via direct cholangiography'?.

MRI is superior to CT for demonstrating the internal composition of cysts and potential
biliary involvement. Diffusion-weighted MRI in particular is useful in differentiating HHC
from simple cysts'*. A retrospective study in patients who had CT/MRI in addition to US,
showed that the level of agreement with US for CE 1-4 was higher for MRI than for CT". CT
had a higher level of agreement for CE 5, where cystic calcification was more accurately
measured. With superior soft tissue resolution, MRI reproduces US features of HHC more

accurately than CT and is preferable as second-line imaging.

Laboratory Investigations

Nonspecific leukopenia, thrombocytopenia and derangement of liver function may be
present. Neutrophilia is indicative of secondary infection and eosinophilia suggests cyst
rupture. Serology is useful in the primary work-up or where imaging is atypical, however
false-negative results are common (between 20-40%) due to low or undetectable circulating
antibodies in uncomplicated disease®. Primary antibody tests may also produce false positives

. . . . . . 16
with autoimmune disease, cirrhosis, and malignancy .

Commonly utilised primary antibody tests are the indirect haemagglutination antibody test

(IHAT) and latex agglutination test (LAT). IHAT and LAT have quoted sensitivities of 80%

in liver-only disease. Enzyme-linked immunosorbent assay for IgG antibodies (IgG-ELISA)
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is considered the gold-standard with a sensitivity of up to 93% for liver-only disease®.
Secondary antibody testing either via Arc 5, [gG4-ELISA or immunoblotting may be used in
the absence of diagnostic imaging. Secondary antibody tests are less sensitive than primary
tests but highly specific. The Arc 5 test has a sensitivity of 50-60% but is highly specific

(97.2%) for taeniid infections'’.

Fine-needle Aspiration

US-guided, transhepatic fine-needle aspiration (FNA) of suspected HHC is generally
considered safe under appropriate albendazole cover (at least four days prior and one month
following cyst puncture). It is contraindicated in large superficially located cysts under high
internal pressure, patients with high total IgE titres, or with a history of severe allergic

. - 8
reactions and anaphylaxis®.

Chemotherapy

Systemic benzimidazole anti-helminthic drugs (albendazole and mebendazole) have proven
safe and effective in the treatment echinococcosis, with randomised trials demonstrating the
superiority of albendazole when compared to mebendazole'®. A continuous three-month
course of albendazole (10-15mg/kg in two divided doses) may be appropriate as primary
therapy for small (<5cm), uncomplicated CE 1 and CE 3a HHC. Multiple small cysts, deep
parenchymal or peritoneal cysts may also be amenable to drug therapy alone'’. Analyses of

large datasets (n=3760) have suggested that albendazole monotherapy may result in a
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complete response in 30% of cases, with another 40—50% showing objective evidence of cyst

degradation at follow-up™.

A randomised-controlled trial of 55 patients determined that a 3-month preoperative course of
albendazole resulted in 68% of cysts showing echographic evidence of total cyst membrane
disintegration, which correlated with non-viability (94%, p=0.015) of cysts at time of surgery
when compared to controls®'. Other studies have suggested however that a 6-month course of
albendazole results in a cure in only 18% of cases and recommended as monotherapy only in
non-surgical candidates”. All patients undergoing extended benzimidazole therapy should
have routine second-weekly monitoring for bone-marrow suppression and impairment of

liver function®.

Albendazole should be used as an adjunct to surgery to reduce recurrence. Therapy should
commence at least 1 month (ideally 3 months) prior to surgery and 3 months post-
operatively. A randomised study of 72 patients compared surgery alone with 12 weeks of
pre-operative albendazole™. At the time of surgery, viable protoscolices were found in all
cysts in the surgery-only group compared with only 5.5% in the albendazole group. There
was no recurrence in the albendazole group compared to 16.6% in the surgery-only group
with five-year follow-up. A further randomised study (n=64) demonstrated recurrence rates
of 18.75% and 4.16% in surgery-only vs albendazole groups respectively**. The mean period

of post-operative recurrence in one study of 172 patients was 23.3+5.3 months (range, 8-

48)%.
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PAIR

PAIR (percutaneous aspiration, irrigation with scolicide and re-aspiration) has been utilised
safely and effectively in selected cases. A study of 336 patients over a 23-years found that of
the 48 patients treated with PAIR, 36 (66.6%) experienced complete resolution of the
disease®®. Another series reported 26 patients with 32 HHC successfully treated with PAIR

and followed-up with 6-monthly serology and annual imaging for 10 years®’.

The main complication associated with PAIR or intraoperative scolicidal instillation is
chemical sclerosing cholangitis and biliary stricturing where cysts communicate with the
biliary tree. Other potential risks associated with PAIR include bleeding, infection,
intraperitoneal spillage of cyst contents, and biliary fistulae. Allergic reactions and

anaphylaxis (<1%) may also occur®.

Scolicides

Scolicides may be used intraoperatively or for PAIR. In vitro studies have demonstrated
Betadine® (povidone-iodine or PVP-I), 20% hypertonic saline, 10% Savlon® (1.5%/0.15%
cetrimide-chlorhexidine), and 95% ethyl alcohol to be effective scolicides”. Cetrimide-
chlorhexidine is scolicidal at all concentrations from 0.15/0.015% to 1.5%/0.15% at both five
and ten minutes post-instillation. A 50% dilution of Betadine® and 20% hypertonic saline is
also effective within five minutes of instillation. Historically, formalin was a highly

efficacious scolicide, but carries an untenable risk of chemical cholangitis and should never

10
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be used. Alcohol can cause caustic irritation to bile duct epithelium and systemic toxicity.
PVP-I carries some risk of PVP storage disease, renal injury, sterile peritonitis and sclerosing

.2 29
Serositis™ .

Surgery

Surgery is the principal treatment for large, active, symptomatic or complicated hepatic CE. It
is indicated for all symptomatic cysts, CE2-CE3b cysts, cysts >5cm, cysts with multiple
daughter vesicles, superficially located or infected cysts, cysts communicating with the
biliary tree or cysts exerting mass effect on adjacent organs. There are several viable surgical
approaches: anatomical hepatectomy, pericystectomy, and open cystectomy with or without
omentoplasty. Every effort should be made to protect the peritoneal cavity by avoiding
intraoperative spillage of cyst contents and the use of scolicide-soaked surgical packs where

appropriate®.

Conservative vs Radical Surgery

In a retrospective review over a 25-year period in a single hepatobiliary unit, 214 patients
underwent conservative surgery where all or part of the pericyst remained (external drainage,
marsupialisation, or omentoplasty) while 240 patients had radical surgery (hepatic resection
or cystopericystectomy)®’. Patient demographics and overall mortality were similar howver
operative morbidity, overall hospital stay and recurrence rate was substantially higher in the
conservative surgery group when compared to radical surgery (79.9% vs 16.2%, p<0.001,

33.7 vs 13.8 days, p<0.001 and 30.4% vs 1.2%, p=0.016 respectively).

11
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The increased surgical morbidity was attributed to the residual pericyst lining which resulted
in bile leaks, fistulae, and abscess formation. In addition, reoperation in these situations was
more complex. Thus, the authors’ preferred procedure was cystopericystectomy, with

complete removal of the cyst and pericyst without opening the cavity.

Another retrospective study compared patients undergoing radical surgery (pericystectomy or
left lobe segmentectomy) with conservative surgery (partial cystectomy and external drainage
plus or minus omentoplasty)’’. All patients underwent pre- and post-operative albendazole
therapy. With radical cystectomy, the cyst was removed with lcm of liver parenchyma
without opening the cavity. The conservative technique involved removal of as much of the
anterior cyst as possible and evacuation of cystic contents. There were no differences in
patient demographics, the number, size and location of cysts, nor rates of post-operative

complication.

Recurrence was lower in the radical surgery group (0% vs 17%, p=0.045). The authors
recommended however a more conservative technique in the elderly, patients with higher
ASA scores, and deeply located (elOcm), bilobar or posterior cysts. Favourable
characteristics for radical surgery included younger patients, cysts located anterosuperiorly or
in the left lateral segment, exophytic cysts, cysts e 5Scm diameter, and the procedure being

performed by an experienced hepatobiliary surgeon.

12

This article is protected by copyright. All rights reserved.



Laparoscopic vs Open

The largest published series comparing laparoscopic to open surgery for HHC included 333
patients over a 10-year period at a single-centre®”. In this study, 59 patients underwent a
laparoscopic approach and 172 patients underwent open surgery. Indications for laparoscopic
surgery included lesions located in liver segments other than segment I or VII, corticalisation
of the liver surface, and absence of cyst rupture. Procedures performed laparoscopically were

either Lagrot partial pericystectomy (54 cases) or total pericystectomy (5 cases).

Indications for the conventional open procedure included intrabiliary or intraperitoneal
rupture and cysts located in segment VII of the liver. The procedures performed were Lagrot
partial pericystectomy (which involves resection of the externalised extrahepatic pericyst
"roof" to the border with the liver parenchyma, leaving the cavity/remaining intrahepatic
pericyst in-situ) and drainage in the majority, with total pericystectomy, left lobectomy, or
left hemihepatectomy in the remainder. The two groups were similar in terms of overall
mortality cyst location, size and type. Complications in both arms of the study included
collections in the residual cavity and biliary fistulae, while the conventional surgery group
also had wound-related complications. Hospital stay was longer in the conventional group
(11.7 vs 6.42 days, p<0.001). No recurrences were observed in either group. Confounding
factors included higher rate of obesity (24.4% vs 10.7%, p=0.032) in the conventional group,
as well as more radical procedures when compared to the laparoscopic group (20.9 vs 8.4%,

p=0.041).

13
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A systematic review of twenty-two retrospective studies examined 666 patients who had
laparoscopic surgery for HHC®. Laparoscopic surgery was always conservative, being
mainly unroofing of the cyst with partial pericystectomy. There was an average complication
rate of 13.1%, conversion to open in 4% of cases, average hospital stay of 4.6 days and
overall recurrence rate of 1.6%. In the absence of randomised-controlled trials, this study

suggests that laparoscopy is a safe and feasible.

Complicated Disease

Complicated disease most commonly results from cyst rupture or secondary infection. All
ruptured cysts are predisposed to secondary infection and should be managed as cholangitis.
Trauma is the most common aetiology of perforation®*. Cyst diameter over 9.5cm correlates
with intraperitoneal or intrabiliary perforation. A case control study (n=372) identified that
younger patients (36.32+11.86 years) with large, superficially located cysts are predisposed
to intraperitoneal rupture whilst older patients (50.26+13.88 years) with large, multiple or

bilobar cysts are at increased risk of spontaneous intrabiliary perforation®®.

Post-operatively, bile leaks are more common in large cysts, with 79% of cysts e7.5cm in
diameter likely to have cysto-biliary fistulae'®. Communications can be identified intra-
operatively by using dye or cholangiography. Most communications can be managed with
suture; sphincterotomy alone is considered inadequate. Bile leaks should be managed
conservatively wherever possible, though reoperation, biliary-intestinal anastomosis or liver

resection may ultimately be required™.

14
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Conclusion

Hydatid disease in Australia remains a relevant surgical and public health problem due to the
potential serious complications and rural population exposed to infection. Simple control
measures have been highly effective at reducing the incidence of the disease and a range of
targeted control measures can be employed in hyperendemic areas to reduce the risk of
human infection. Given that hydatid disease will be present on mainland Australia for the
foreseeable future, it is imperative that general and hepatobiliary surgeons are aware of the

various diagnostic and therapeutic approaches to best manage the disease.

Ultrasound has proven safety, utility and reliability in the diagnosis and follow-up of hepatic
CE. CT is most useful in emergency presentations, and may also be useful for identifying
small cysts and screening for multi-organ involvement. MRI is generally better at
demonstrating the cystic components of HHC and potential biliary involvement. FNA and

PAIR may be utilised safely in selected cases.

Serology 1s useful in the primary work-up of CE. It is recommended that seronegative and
seropositive patients with non-diagnostic US proceed to further imaging, repeat serology and
consideration of FNA to exclude differential diagnoses such as tuberculosis, abscesses and
neoplasms. Seronegative patients with suggestive imaging should proceed to treatment if
symptomatic. Post-operative or post-chemotherapy surveillance with US is recommended at

3-6 monthly intervals for up to 3 years.

15
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In all confirmed cases, an extended, continuous course of albendazole (10-15mg/kg orally, in
divided doses, twice daily) for 3 months pre-operatively and 3 months post-operatively is
recommended. Albendazole alone may be appropriate for selected cases and should always
be used as an adjunct to surgery or PAIR unless contraindicated. Once biliary
communications have been excluded, safe and effective scolicidal agents for intraoperative
use include 20% hypertonic saline, Betadine® and Savlon®, while 95% ethyl alcohol or

hypertonic saline may be used for PAIR?.

Surgery remains the only definitive treatment for large, active, symptomatic or complicated
HHC. A variety of surgical techniques have been described and there is no currently
consensus approach. Surgery should to be tailored to patient factors, relevant anatomy, local
facilities and surgeons’ expertise. Radical surgery does have advantages over more
conservative methods with reduced post-operative complications and rates of recurrence,

while a laparoscopic approach has been shown to be both safe and technically feasible.

16
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Table 1. WHO CE classification on ultrasound®

Classification

Ultrasound features

CL'

Unilocular cystic lesion with uniform anechoic content
Wall may not be visible

CE1

Unilocular, simple cyst with anechoic content
Cyst wall visible
‘Hydatid sand’ or ‘snowflake sign’ present

CE2

Multi-vesicular, multi-septate cysts
Daughter cysts indicated by ‘honeycomb-like’ structures where present
Cysts wall normally visible

CE3

Unilocular cysts that may contain daughter cysts

Anechoic content with detachment of laminated membrane from cysts
wall

Floating membranes may exhibit ‘water-lily sign’ (CE 3a)

Daughter cysts may be present within a solid matrix (CE 3b)

Cysts may be less rounded due decrease of intra-cystic fluid

CE 4*

Heterogeneous or hyperechoic degenerative contents
No daughter cysts
‘Ball of wool sign’ indicates degenerating membranes

CE 5*

Cysts with thick calcified, arch-shaped wall
Produce a cone shaped shadow
Partial or complete calcification

CE = cystic echinococcosis; CL = cystic lesion; WHO = World Health Organization
tFeatures are not pathognomonic and further diagnostic imaging or tests are required
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Figure Legends

Figure 1. Ultrasound showing a CE 1 cyst with echogenic hydatid sand. When the sand is

moving in the cyst it forms the ‘snowflake’ sign

Figure 2. Non-contrast CT demonstrating multiple cystic hydatid cysts with dense pericyst.
There is no evidence of membranes, septa or calcification, however unlike a simple hepatic

cyst, the pericyst is hyperdense (arrow) compared to the adjacent liver.

Figure 3. T2-weighted MRI showing a hyperintense hydatid cyst in the right lobe of liver

with hypointense membranes folding within it.
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