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Preface

Parasitic diseases encompass a wide-reaching problem affecting a significant per-
centage of the global population. The etiology and the manifestations, as well as the
treatment, are variable and highly dependent on regional differences. Their effect on
the patients can be quite severe, especially when they lead to complications involv-
ing the gastrointestinal tract, in addition to multiple other systems. Surgery repre-
sents a key part of the therapy both for the disease, as well as for the
complications.

This book is designed to present a comprehensive and state-of the-art approach
to the diagnosis and surgical management of parasitic diseases involving different
organ systems, with emphasis on the gastrointestinal tract. Sections will address the
various etiologies, current diagnostic dilemmas and methods, as well as the key
principles involved in their surgical management.

The introduction presents the overall epidemiology and classification of parasitic
diseases. The first section focuses on different types of the most frequently encoun-
tered parasitic diseases of the gastrointestinal tract found in different parts of the
world, with special attention given to the existing surgical debates regarding the use
of minimally invasive procedures. The second section places special emphasis on
hydatid disease. Hydatid liver disease, despite its limited numbers in the USA, is
quite prevalent world-wide and especially in the Mediterranean basin. Part of the
book will describe the current extent of hydatid disease; describe changes in its
management including (but not limited to) the various surgical techniques having to
do with more extensive or more limited techniques and also the use of minimally
invasive surgery; and describe the most frequent complications and tips on how to
avoid them. The third section discusses the surgical management of parasitic dis-
eases affecting different organ systems, including the heart, the lungs, the brain, and
the urinary system. The fourth section presents the surgical dilemmas encountered
in special situations, such as pregnancy and the pediatric patient.

The different chapters are written by worldwide experts in the specific field who,
apart from an overview of the problem and the surgical management, share with the
reader their own wide-encompassing experience, including pre-operative evalua-
tion, surgical management, and post-operative follow-up.

The importance of this resource lies in the fact that it affects a significant number
of patients on a global scale and the distilled experience and wisdom of the authors
that it provides will prove to be an asset to surgeons of all specialties dealing with

vii



viii Preface

parasitic diseases. The fact that it includes the surgical management of non-
gastrointestinal parasitic disease can potentially lead to an authoritative surgical
textbook on this wide-ranging, global surgery topic, which is currently lacking and
will be of interest to a wide variety of physicians and surgeons of different
specialties.

Thessaloniki, Greece George Tsoulfas
Beirut, Lebanon Jamal J. Hoballah
Boston, MA, USA George C. Velmahos

Douglas, Australia Yik-Hong Ho
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Epidemiology of Parasitic Diseases

Andrew Phillip Maurice, Ashley Jenkin,
Robert Edward Norton, Amanda Hamilton,
and Yik-Hong Ho

Global Epidemiology of Parasitic Diseases

At least one in six persons worldwide is thought to be infected with a parasitic dis-
ease [1]. The global health burden of parasitic diseases is immense and is dispropor-
tionally concentrated in nations of economic and social disadvantage. This major
health burden is reflected in the World Health Organization (WHO) list of “neglected
tropical diseases” (NTDs) which is dominated by parasites [2], many of which
require surgical treatment (Table 1.1). The worldwide impact of these diseases is
described by the WHO:
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Table 1.1 WHO list of neglected tropical diseases

Parasitic Non-parasitic
Protozoan: Mycobacterial/bacterial:
Chagas disease Buruli ulcer

Dengue and chikungunya Leprosy
Trypanosomiasis Mycetoma
Leishmaniasis Yaws

Helminthic: Trachoma

Guinea worm Viral:

Echinococcosis Dengue and chikungunya
Food-borne trematodiases Rabies

Lymphatic filariasis Others:

River blindness Snake bite
Schistosomiasis

Soil-transmitted helminthiasis

Taeniasis

Cysticercosis

Ectoparasite:

Scabies and other ectoparasites

Neglected tropical diseases cause immense human suffering and death. They pose a devas-
tating obstacle to health and remain a serious impediment to poverty reduction and socio-
economic development.

In fact, all surgically relevant parasitic diseases are listed by the WHO as NTDs.
This textbook focuses on many of these neglected tropical diseases, particularly
those major parasitic infections that are surgically relevant. These illnesses create a
perpetual cycle of poverty through poor sanitation, education and living conditions.
They predispose populations to infection, and the infection itself greatly reduces the
productivity of those individuals within these communities. The only major para-
sitic disease with a worldwide burden that is not listed as a neglected tropical dis-
ease is malaria: all others are on this list.

Global Burden of Parasitic Diseases

The 2010 Global Burden of Disease Study estimated that neglected tropical dis-
eases accounted for 26.06 million disability-adjusted life years (DALY's) worldwide
[3]. For infections that are surgically relevant, DALY attributable in 2015 to soil-
transmitted helminths (i.e. ascariasis, trichuriasis, etc.) were 4.4 million, cysticerco-
sis 1.8 million, onchocerciasis 1.1 million, food-borne trematodiasis 1.1 million and
0.6 million for echinococcosis [4]. The areas of highest endemicity for these ill-
nesses include South America, Africa, Asia and the Middle East (Fig. 1.1 [4]).

The economic burden of these diseases is considerable and disproportionately
affects the “bottom billion” of the world’s population who are:

... the poorest in the world; they are often subsistence farmers, who essentially live on no
money and are stuck in a poverty trap of disease, conflict, and no education. [1]
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Fig. 1.1 Neglected tropical diseases. Prevalence of neglected tropical diseases (NTDs) by coun-
try. The burden of NTDs in different countries is expressed as number of NTDs increased (ranging
from one to seven or more). (Modifed from Mitra and Mawson [4] and United to Combat. Burden
map — Neglected Tropical Diseases [73])

The economic cost is not just reflected through sickness and limited productivity
of the individual. For instance, hydatid disease, which affects livestock, is respon-
sible for decreased milk yield and meat/carcass weight, decreased wool production
and increased condemnation of meat products and offal [5]. Thus these neglected
parasitic diseases exert a major toll medically, socially and economically.

Public Health and Research Directions

With respect to focus on major disease in developing countries, the WHO acknowl-
edges there has been disproportionate spending and focus on the “big three” dis-
eases of malaria, tuberculosis and HIV/AIDS when compared to other parasitic
diseases [2].

The most comprehensive epidemiological and clinical programmes for address-
ing parasitic illnesses have been formulated by the WHO, including comprehensive
surveillance, prevention and treatment programmes for the various diseases [6].
However on a global scale, healthcare spending and research is typically directed to
“Western” illnesses, as the neglected diseases by definition pose little economic
incentive for private investment. This predicament has been elegantly summarised
in the example of the development of vaccines for tropical diseases:

...the development of what Hotex and Ferris have referred to as anti-poverty vaccines, must
be considered one of the major unachieved goals of modern immunology. The absence of a
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commercial market remains a serious disincentive for industry to take on this effort, but
even when product development partnerships have existed to oversee vaccine development
through to proper human trials, the goal of producing a highly effective vaccine has still not
been met. [7]

From 2000 to 2014, 66 novel products entered phase I clinical trials intended to
prevent or treat neglected tropical diseases (NTDs). This accounted for 1.65% of all
40006 phase I trials [8]. Despite still accounting for only a tiny fraction of overall
spending, absolute spending on neglected diseases has increased in the last two
decades with five medications reaching phase III trials between 2000 and 2013 [9].
Encouragingly, research funding into neglected illnesses reached an all-time high in
2017 of US$3.6 billion, led by the United States, the United Kingdom and European
Union [10]. This funding is a combination of public funding and private philan-
thropy (most prominently from the Bill and Melinda Gates Foundation, which has a
special interest in neglected tropical disease) in addition to small investments from
private enterprise.

Types of Parasites

Parasitic organisms are generally categorised into helminthic or protozoan infec-
tions. Helminths are highly prevalent organisms that exist as free-living worms or
parasites of animals or plants. These helminths have co-evolved with specific spe-
cies; thus most are restricted to non-human hosts. Only a small fraction of these
organisms cause human infection. Protozoa are single-celled eukaryotic organisms
that can be free-living or parasitic. The majority of surgically relevant parasitic
infections are of the helminthic variety; thus this epidemiological review focuses on
these infections.

Global Burden of Disease from Helminthic Infections

The primary focus of this text is on helminthic infections: multicellular organisms
with complex organ systems and life cycles that can involve humans at some stage.
Major types of these organisms include the tapeworms (cestodes), flukes (trema-
todes) and roundworms (nematodes). As described below, it is likely billions of
individuals harbour these organisms, with frank disease present only in a fraction in
selected cases. Medical management with anthelmintic medications is the treatment
for the majority of helminth-related disease; however surgery is a central treatment
for some of these conditions.

The comprehensive WHO study on the impact of the 11 most important parasitic
food-borne diseases (comprised of protozoan and helminthic infections) demon-
strated the high impact of these diseases worldwide in DALYs and deaths (see
Fig. 1.2) [11]. The total number of DALYs and deaths produced by the common
cestodes, nematodes and trematodes (excluding schistosomiasis) were 7,064,277
and 58,029 deaths in 2015.
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Fig. 1.2 DALYs associated with food-borne parasitic diseases [11]. Contribution of each parasite
to foodborne disability-adjusted life years in regions: the relative contribution to the DALY inci-
dence by each agent for each of the regions

Epidemiology of Cestodes

Tapeworms (cestodes) cause human disease in two ways. The classic type of
infection is with an adult worm living within the gastrointestinal tract (e.g. the
beef tapeworm Taenia saginata etc.). This type of infection is usually treated
medically with anthelmintic medications and only comes to surgical attention in
exceptional circumstances (e.g. bowel obstruction or migration into the bili-
ary tract).

The second type of presentation is with larval-stage parasites present in various
organ systems (i.e. when the human is the intermediate host). This type of infection
often requires surgical management, and much of this text is devoted to this type of
disease, in particular cystic echinococcosis (i.e. hydatid disease).

Echinococcosis: Epidemiological Aspects

Echinococcosis is an infection caused in humans by the larval stage of Echinococcus
granulosus complex, E. multilocularis or E. vogeli. E. granulosus causes cystic
hydatid disease in regions mainly where livestock is raised in association with dogs.
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These parasites are found on all continents but with particularly high prevalence in
China, Central Asia, the Middle East, the Mediterranean region, eastern Africa,
Australia and parts of South America.

E. multilocularis causes alveolar echinococcosis, a condition with a long asymp-
tomatic period (~10 years) which later presents as a malignant-like hepatic mass
with epigastric pain and jaundice. This parasite is found in Alpine, sub-Arctic or
Arctic regions, including Canada and the United States, central and northern Europe,
China and Central Asia.

Cystic Echinococcosis

E. granulosus causes cystic echinococcosis, known as hydatid disease, when it
affects the liver. The life cycle of this organism involves the dog, which is the defini-
tive host (i.e. harbours the adult worms). The dogs excrete the eggs in their stool and
are ingested through the faecal-oral route by the intermediate host (usually livestock
such as sheep) where they migrate to various organ systems (e.g. the liver) to turn
into cysts. Thus this disease is seen primarily in areas of livestock (e.g. sheep, goats,
etc.). Humans are an accidental host.

Surgery is central to the treatment of this illness, and a large proportion of this
text is devoted to the treatment of this condition; thus a large proportion of this
chapter is devoted to this particular illness.

Echinococcosis: A Worldwide Snapshot

Numerous genetically distinct strains of E. granulosus have been well described
in diverse geographic locations with predilections for different animals including
sheep, horses, cows, pigs and other animals. It appears the common sheep strain
(G1) is most frequently associated with human disease [12]. As predicted by their
life cycle, rates of infection with E. granulosus are highest in regions with exten-
sive sheep farming and presence of a large number of dogs [13, 14].

Cystic echinococcosis is a worldwide disease, however is concentrated mainly
in regions of South America, the Middle East, eastern Mediterranean, some
African regions, China and eastern Europe as demonstrated in the map produced
by the WHO which highlights the regions with the highest prevalence (Fig. 1.3).
The worldwide prevalence of cystic echinococcosis has fallen in recent decades
[12]; however the WHO estimates that at least one million individuals are affected
at any one time [15]. Prevalence levels of up to 5-10% of humans occur in parts
of Argentina, Central Asia, China, East Africa and Peru. The prevalence of echi-
nococcosis in livestock and dogs can vary from 20 to 95% in hyperendemic areas.
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Distribution of Echinococcus granulosus and cystic echinococcosis, worldwide, 2011
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Fig. 1.3 WHO diagram of human echinococcosis [74]

Echinococcosis by Region
Western Developed Countries

Echinococcosis is rare in Western developed countries. The 2016 data from the
Annual Epidemiological Report for the European Centre for Disease Prevention
and Control found that 414 cases of E. granulosus, 104 cases of E. multilocularis
and 257 unknown echinococcal species were diagnosed with a rate of 0.2 cases per
100,000. Data was available for 27 European Economic Area countries with the
highest numbers of cases found in Bulgaria (35%), Germany (17%) and Spain
(11%). One death was recorded [16].

The epidemiology of echinococcosis worldwide is well studied, but surprisingly
little contemporary research exists for recent decades in North America. This is
likely because echinococcosis is thought to be rare and (unlike Europe) is not a
reportable disease. Recent epidemiological data from the contiguous United States
is extremely lacking. In the United States and Canada, the “cervid” strain (G8) is
found in Alaska, the northern United States and Canada. The common sheep strain
(G1) is found in the Western United States [12]. There were 41 reported deaths from
echinococcosis in the United States from 1990 to 2007 [17].
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In Australia, the G1 strain is well established in native wallabies and kangaroos
and has been disseminated by dingoes and wild dogs [12]. 80-100 cases are reported
per year (0.4 per 100,000) with higher rates in rural farming and indigenous areas,
especially where there is a high prevalence of dogs [18].

South America

Very high animal and human prevalence is observed in temperate regions in South
America. This has been thought to be due to the practice of feeding dogs the
uncooked viscera of home-butchered sheep [19]. The dogs can easily pass the tape-
worm eggs to humans (e.g. playful contact with children).

The incidence of cases requiring surgery is as high as 127 per 100,000 in the
Central Andes [20]. Asymptomatic hydatid disease is found in between 3% and
9.3% on imaging surveys in rural villages in the Peruvian highlands [21, 22].
Prevalence in livestock and dogs can be as high as 90% in some hyperendemic areas
[23]. Surgical incidence can reach up to 20 cases per 100,000 in parts of Southern
Chile [23].

Lower prevalence is reported overall in Uruguay, Brazil and Argentina, but these
countries too have endemic regions in central Uruguay, Southern Brazil and several
Patagonian provinces [24-26].

Approximately 5000 new cases are diagnosed each year in the endemic regions
of Argentina, Chile, Peru, Uruguay and Southern Brazil combined, with approxi-
mately 880 deaths recorded in 6 years (2.9% fatality rate). The Regional Initiative
for Control of Cystic Echinococcosis has been established by these five countries
and has been partially successful in control programmes [27, 28].

E. granulosus is rare in Central America, Colombia, Ecuador and Venezuela [23].

China and Southeast Asia

Echinococcosis is highly endemic in the rural regions of Western China. It has been
estimated that one million disability-adjusted life years (DALYs) were caused by
both cystic and alveolar echinococcosis globally; however 0.4 million of these were
attributable to Western China [29]. The prevalence of hydatid disease in some of
these regions may be the highest in the world, with many regions with human preva-
lence over 5% and livestock prevalence approaching 100% [30].

Africa and the Middle East

Cystic echinococcosis is highly endemic among nomadic pastoral tribes of East
Africa. It is common in dogs in all countries in sub-Saharan Africa, but is rare in
agriculturally based communities [31]. In the more economically developed South
Africa, incidence and prevalence is lower. Epidemiological data for South Africa
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are incomplete; however it is thought approximately 130 cases per year are diag-
nosed [32].

Cystic echinococcosis has been reported in all countries in the Middle East and
Arabic North Africa. It is highly prevalent in Iran, Turkey, Iraq, Morocco, Tunisia
and Libya with various surveys indicating high prevalence in livestock (especially
sheep) in these regions [33].

Echinococcosis: Costs

Cystic echinococcosis is thought to cost up to US$1.9 billion per year in adjusted
economic losses for human illness and up to US$2.1 billion for livestock losses
[5]. Approximately one million DALYs were calculated to be lost due to this
infection.

As described in this text, hepatic interventions and surgery form the cornerstone
of treatment for many aspects of hydatid disease. As expected, these interventions
are expensive and pose difficulties for resource-poor countries. An Italian institution
calculated the median cost of treatment for individuals treated with surgery was
€11,033, with median operative time of 258 minutes per case [34]. Total median
costs over 10 years in an Austrian study were €16,253, with most of the expenditure
spent in the first year [35].

Public Health and Research Status

Echinococcosis is recognised as one of the WHO neglected tropical diseases. The
findings of the most recent meeting of the WHO echinococcus working group in
December 2016 have been published [36]. The report stated that diagnosis and
management of this illness was based on expert opinion and case series as opposed
to rigorous randomised controlled trials. Given the lack of economic investment
in this disease from pharmaceutical companies, this was unlikely to change in the
foreseeable future. Regional strategies were described to improve coordination of
data collection and to better describe outcomes in light of the lack of rigorous
clinical trials.

Eradication

Eradication strategies have focused on anthelmintic treatment of dogs, improve-
ments in abattoir and farm practices (in particular hygiene and feeding of offal to
dogs), education and testing. Highly successful eradication programmes have been
undertaken on islands (for example New Zealand, Tasmania and the Falkland
Islands) primarily through aggressive dog treatments; however continental
approaches have been largely unsuccessful [37]. Various animal vaccines, first
described in 1996, have been implemented with varying degrees of success [38].
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E. multilocularis

Alveolar echinococcosis is restricted to the Northern Hemisphere, in particular in
China, Russia and continental Europe and North America. Alveolar echinococcosis
is highly endemic to Western China, and of 18,235 known annual cases diagnosed,
approximately 16,629 (91%) are diagnosed in China [29].

Russia has a very large endemic region stretching from Eastern Europe to Siberia,
with over 1100 cases per year reported from this part of the country [29]. Other foci
exist within central Europe, Asia and worldwide; however the number of reported
cases is several orders of magnitude lower per year when compared to China.

Nearly all cases of alveolar echinococcosis involve liver lesions. Complete radi-
cal resection is recommended and provides the best chance for cure [39].
Unresectable lesions condemn the patient to protracted anthelmintic medications,
and liver transplant for this condition has been described [40]. The cost of these
therapies is clearly substantial.

Cysticercosis

The pork tapeworm, Taenia solium, is noteable in that human disease is caused by
both the adult forms residing within the intestine and surgically relevant disease
from larval forms which occur in various tissues (i.e. cysticercosis).The pork tape-
worm is found worldwide but is highly endemic in many developing areas including
Mexico and South America, sub-Saharan Africa, China and India (see Fig. 1.4) [41].
Infection is generally found in subsistence farming communities in developing
countries of Africa, Asia and Latin America, especially where pigs and cattle come
into contact with human faeces [41].

Il High prevalence (endemic areas)
I Moderate prevalence
1 Imported cases

Fig. 1.4 World-wide distribution of cysticercosis [41]. World map showing countries where cys-
ticercosis is endemic
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The intestinal disease requires standard anthelmintic medications; however
the larval disease in the central nervous system (known as neurocysticercosis)
may require surgical resection, anti-seizure medications and shunting [42].
Neurocysticercosis is the most frequent preventable cause of epilepsy worldwide
and accounts for up to 30% of epilepsy cases where the disease is endemic and
is the most common helminthic infection of the central nervous system. An
estimated 50 million people worldwide have neurocysticercosis, causing 50,000
deaths per year and up to 50% of late-onset epilepsy in developing countries [43].

Intestinal Cestodes

Intestinal cestode infection with adult worms is usually managed medically. The
best known of these infections are the beef tapeworm (7aenia saginata), the dwarf
tapeworm (Hymenolepis nana) and Diphyllobothrium species. Most of these worms
occur worldwide however are over-represented in areas with poor sanitation and
where undercooked meat is customary.

Nematodes

Infestations due to nematodes typically manifest in three broad ways: intestinal
infestation with adult worms, tissue-penetrating disease or filarial disease.

Intestinal nematodes are thought to infect over one billion people worldwide
[44], disproportionately affecting the developing world. Hundreds of helminth
species exist that can infect humans; however only a fraction of these are preva-
lent enough to account for the majority of the burden of disease on a worldwide
scale. These include the roundworm (Ascaris lumbricoides), hookworms
(Necator americanus, Ancylostoma duodenale), Strongyloides stercoralis,
whipworm (Trichuris trichiura) and the well-known pinworm (Enterobius ver-
micularis). The prevalence of infection for each of these worms is thought to be
in the hundreds of millions [44]. Pinworm is common and well-known in
Western countries; however the other worms predominantly affect the develop-
ing world.

Clinical Burden of Intestinal Nematode Disease

The true clinical impact of nematode infestation is difficult to quantify. Clinically
evident disease is proportional to the degree of infestation, and it is thought that
most infestations are asymptomatic. As the life cycle of almost all helminths
requires replication outside the host (i.e. humans or other organism), the burden
of infestation correlates to the intensity of exposure. Thus regions with poor fae-
cal sanitation are usually associated with clinically apparent infection. Furthermore
complicating disease burden estimates, there may be potential benefits of asymp-
tomatic colonisation: the eosinophilic inflammatory response that nematodes and
other helminths elicit is thought to be protective against allergic disease.
Documented declining nematode infection rates have been inversely proportional
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to a rise in atopic disease and improvement in sanitation and living standards as
seen in many middle income countries that have seen rapid economic develop-
ment [45].

Most infections with intestinal nematodes are asymptomatic or cause mild, non-
specific symptoms. Frank surgical disease is seen when nematodes migrate into the
biliary system or heavy infestation causes bowel obstruction. Seemingly asymp-
tomatic infection has been shown to cause many deleterious effects, particularly in
children through reduced cognitive function, anaemia and developmental delay.
Attempts have been made to quantify the morbidity associated with intestinal nema-
todes. This is difficult due to non-specific clinical effects such as “cognitive deficit”
which generates difficulties in calculation of disability weights and years of life
with disability. These calculations are also based on epidemiological data in
resource-poor countries, which may be inaccurate or incomplete [44].

Nevertheless, within these limitations, the 2001 Global Burden of Disease
study estimated 58.1 million people suffered “high-intensity” A. lumbricoides
infection, 26.6 million with high-intensity 7. trichiura infection and 59.9 million
with high-intensity hookworm infection. Only 3000 deaths were attributable to
each species; however each was responsible for between 0.8 and 1.8 million
DALYs. These DALYs were concentrated in Southeast Asia and sub-Saharan
Africa. Much higher DALY's have been calculated in other studies (e.g. 39 million
DALYs for A. lumbricoides) when disability weights are altered to include chronic
low-level disease leading to anaemia, cognitive impairment, and other less morbid
sequelae [44].

Tissue Nematodes

The next main class of diseases attributable to nematodes is those that cause invasive
tissue infections. The most well-known of these is trichinellosis, caused by ingestion
of undercooked trichinous meat (classically pork) in which parasites migrate to the
host striated muscle. Other significant nematode tissue diseases include visceral and
ocular larva migrans, cutaneous larva migrans and cerebral angiostrongyliasis.

Trichinellosis has been reported worldwide; however the prevalence is unknown.
It is thought that there are significant under-reporting and asymptomatic cases. A
literature review conducted through 1986 to 2009 revealed 65,818 cases of trichi-
nellosis and 42 deaths reported from 41 countries [46]. Cases are concentrated in
Europe, especially Romania, the former Soviet Union and Central Europe. Other
places with high prevalence include China, Thailand, Mexico, Argentina and
Bolivia. Trichinellosis is rare in the United States, with only 90 reported cases
between 2008 and 2012 [47].

The seroprevalence of antibodies to Toxocara species (accounting for visceral
and ocular larva migrans) has been estimated at 5% in the United States and is
declining with time [48]. As seen in many parasitic diseases diagnosed in Western
countries, these often occur in migrants or families of migrants, with many infec-
tions thought to be asymptomatic. Hookworm-related cutaneous larva migrans is
endemic in resource-poor countries in the developing world but is also frequently
seen in returning travellers from these regions [49].
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Other Nematodes

Eight species of filarial nematodes infect approximately 120 million people world-
wide [50]. These organisms reside in the lymphatic channels. The best known of
these is Wuchereria bancrofti, which accounts for the majority of cases. As is com-
mon with helminthic infections, the spectrum of disease ranges from asymptomatic
and minimally symptomatic (with subtle signs of haematuria, proteinuria etc.) to
frank lymphatic disease and elephantiasis: 44 million people worldwide suffer the
severe symptoms of lymphoedema and elephantiasis. In 2000, the WHO launched
an ambitious programme to eliminate lymphatic filariasis by 2020, and more than
4.5 billion treatments have been provided in 59 countries with a reduction in the
incidence of lymphatic filariasis by 59% in 2012 [51].

The filarial nematode Onchocerca volvulus causes “river blindness”, another WHO
neglected tropical disease, affecting at least 25 million individuals in 35 countries (99%
in sub-Saharan Africa). Efforts to eliminate this illness have been problematic [52].

The Guinea worm (Dracunculus medinensis) is a nematode that deserves special
epidemiological mention. This long nematode migrates from the stomach to the
lower extremity where it forms a painful blister and ruptures, releasing larva-rich
fluid for ingestion by the crustacean Cyclops to complete the life cycle. The worm
can then be extracted surgically, or by winding it around a stick gradually. No medi-
cal treatment exists. Through dedicated eradication programmes, the number of
reported cases has declined from 3.5 million in 1986 to only about 30 per year, mak-
ing it a candidate for the first parasitic disease to be eradicated [53].

Epidemiology of Trematodes

As is a common theme for parasitic diseases, parasitic fluke infection is rare in
developed high-income countries (with the exception of returned travellers or immi-
grants and South Korea). In contrast, there is substantial burden of disease in lower-
income countries with at least 200 million infected by the “blood fluke” Schistosoma,
which colonises blood vessels [54].

In 2015, the WHO estimated that at least 40 million people worldwide are
affected by food-borne trematodes including liver flukes, lung flukes and intestinal
flukes although some estimates are much higher [55]. These three types of flukes are
known as the food-borne trematodoses, which are another WHO neglected tropical
disease category.

A comprehensive 2012 systematic review revealed that the global burden of
human food-borne trematodiasis was approximately 665,352 DALY, with 7.9 mil-
lion with severe sequelae and 7158 deaths, mostly from cholangiocarcinoma and
cerebral infection [56].

Schistosomasis

The “blood fluke” schistosomiasis (S. haematobium, S. mansoni, etc.) is the most
important fluke infection in humans. This organism (which uses the snail as the
intermediate host) is acquired through penetration of the skin, usually bare feet,
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in fresh-water contact. The worldwide burden of disease from this organism is
second only to malaria. Schistosomiasis is generally treated medically; however
it is surgically relevant as it is a major risk factor for the development of bladder
cancers in regions where urogenital schistosomiasis is prevalent [57]. Given it is
generally treated medically, it is not considered further here; however the con-
temporary epidemiological trends of this fluke have been described in multiple
sources [58, 59].

Liver Flukes

The liver flukes are surgically relevant through their propensity to cause chronic
biliary infestation and obstruction [60]. Bile duct obstruction is a common cause of
cirrhosis in endemic regions. Gallstone formation and recurrent cholangitis also are
seen, and the link between liver flukes and cholangiocarcinoma is well-known. The
eggs from liver flukes arise from undercooked fish and are released into the duode-
num and migrate into the biliary tree, where they can reside for many years and lead
to chronic infection and inflammation. As expected, infection is concentrated in
river regions where fishing is common, in particular where the tradition of eating
undercooked or raw fish is widespread.

The Chinese or oriental fluke Clonorchis is endemic among fish-eating mammals
in the Far East with approximately 35 million humans infected [61] (15 million in
China alone [62]). Southern China and Manchuria regions are endemic with rates of
prevalence between 10% and 85%. Despite significant declines in many parasitic
diseases, Clonorchis and other liver fluke infections are significant problems in the
highly developed South Korea, with up to 1.4 million infected. These cases are
highly concentrated in traditional Korean fishing villages near rivers where the
ancient practice of eating raw fish has been difficult to stop [63]. These regions have
comparably a very high prevalence of cholangiocarcinoma (5.5 per 100,000).

Opisthorchiasis is thought to affect approximately 23 million individuals world-
wide [61, 64]. Infection with Opisthorchis species is common in Southeast Asia,
classically in the northern part of Thailand where the tradition of eating koi pla, a
salad containing raw meat (Fig. 1.5), is widespread and the seroprevalence is esti-
mated to be approximately 15.7% [65].In contrast, the urbanised part of Thailand
was observed to have a very low seroprevalence. Specific regions and villages can
have prevalence rates of up to 80%.

Similarly the flukes of the Fasciola zoonoses are acquired through consumption
of certain aquatic plants. Fascioliasis affects between 2.4 and 17 million people
worldwide [66].

Burden of disease estimates are difficult to quantify for liver flukes as is common
for all helminthic infections, as a large proportion of infections are asymptomatic or
minimally symptomatic. Flukes can occupy the biliary tree for decades and induce
varying degrees of chronic inflammation and unexplainable lassitude, which can
result in significant reductions in lifetime productivity.

The association of cholangiocarcinoma with liver fluke infection is well-known.
For example, the incidence of liver fluke in Thailand is extremely high. The highest
percentage of cholangiocarcinoma is seen in the northeast of the country, which
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Fig. 1.5 [75] (a) Fluke-infected fish are plentiful in the local rivers such as the Chi River in Khon
Kaen province, Thailand. (b) Local people catch the fish in nets and prepare the fish-based meals
with local herbs, spices and condiments. (¢) The finished dish of koi pla accompanied by rice and
vegetables. This dish is a dietary staple of many northeastern Thai villagers and is a common
source of infection with O. viverrini

correlates to the highest incidence of O. viverrini [67]. Similar observations are seen
with C. sinensis in China and elsewhere [68].

Control strategies for liver fluke have been described. For example, in 2016, a
multifaceted Thai strategy incorporating education, avoidance of uncooked meat
and improved faecal sanitation practices saw significant reductions in infection rates
for humans and animals [69].

Intestinal and Lung Flukes

Two species of flukes (Fasciolopsis buski in Southeast Asia and Heterophyes het-
erophyes in Egypt) cause intestinal infestations with adult worms, similar to the
listed cestodes and nematodes. Epidemiological studies of these organisms are dif-
ficult for similar regions: many patients are asymptomatic or minimally symptom-
atic with non-specific symptoms. It is thought that the number infected worldwide
is in the millions [70].

The lung fluke Paragonimus westermani is highly endemic to West Africa,
Central and South America and Asia with at least several million people infected
worldwide [71]. Adult encapsulated worms are found in the lungs of infected
humans. In addition to medical therapy, some patients require operative resection.
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Epidemiology of Protozoan Parasites
The worldwide burden of diseases from protozoan parasites such as malaria, leish-
maniasis, Chagas disease and amoebiasis is highly significant. Malaria in particular
poses the largest and most significant burden of disease for a parasitic organism. In
most cases, these illnesses are not treated with surgery and are not surgically rele-
vant, and for brevity, their epidemiological characteristics are not described here.
Amoebiasis is prototypical example of a protozoal infection that can cause liver
abscess and colitis which can require operation. The interested reader is referred to
contemporary reviews of the epidemiological status of amoebiasis [72]. The cases
in which protozoan illnesses require surgery are discussed in Chap. 3.
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Classification of Parasitic Diseases 2

Eirini Christaki

Classification

Parasites are primarily divided into ectoparasites/arthropods, which live on the sur-
face of other organisms, such as lice or ticks, and (endo)parasites, which live within
organisms. Parasites occur in nature in two major forms, namely, protozoa, which
are single-cell eukaryotic organisms, and helminths, which are multicellular organ-
isms. Helminths are otherwise called worms. Protozoa can be further divided based
on their mode of reproduction and their means of movement into amebae/Sarcodina,
flagellates/Mastigophora, sporozoans/Apicomplexa, and ciliates/Ciliophora. The
first two belong to the same phylum. Helminths can be divided into flatworms and
nematodes/roundworms. Flatworms are further subdivided into tapeworms/ces-
todes and flukes/trematodes [1-3]. Ectoparasites/arthropods will not be covered in
this chapter. Common terms in parasitology and their respective definitions are
shown in Table 2.1.

Diagnosis of Parasitic Diseases

Parasites most often are large enough and have a typical morphology, so diagnosis

of parasitic diseases relies primarily on microscopy. However, antigen, antibody

tests, as well as molecular methods are also used for the identification of parasites

and disease diagnosis [1, 3].

A. Microscopy continues to be the mainstay for the detection and identification of
most parasitic diseases. Microscopic examination can be performed either
directly from the collected specimen or after concentration, and the use of spe-
cific staining (i.e., Giemsa, hematoxylin, trichrome stain) enhances sensitivity.
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Table 2.1 Commonly used terms in parasitology and their respective explanations

Term Definition

Trophozoite Motile, reproducing form

Cyst Nonmotile, nonreproducing, usually surrounded by a thick membrane
Promastigotes Flagellated forms

Amastigotes Non-flagellated forms

Larva(e) Immature form(s) (helminths)

Definite host Sexual phase occurs

Intermediate host Asexual phase occurs

Reservoir Population of organisms in which the pathogen (naturally) lives
Obligate parasite Needs the host to complete its life cycle

Facultative parasite It can survive both as free-living organism and within the host

Determination of the morphologic characteristics of protozoa and adult forms of
helminths, as well as specific features of eggs or larvae, allows the identification
of each parasite. Specimens should be examined promptly, i.e., stool within
1 hour from collection. Since cysts are passed intermittently in the stools, at
least three separate specimens should be examined.

B. Antigen detection is possible for Entamoeba histolytica, Giardia lamblia,
Plasmodium spp., Cryptosporidium spp., and Trichomonas vaginalis with good
sensitivity.

C. Nucleic acid-based tests are routinely used for Trichomonas vaginalis and
Plasmodium spp. These tests may also be useful for the detection of parasites
like Trypanosoma spp., Toxoplasma gondii, or Leishmania spp., when only few
organisms may be present in a biologic sample. For the detection of other para-
sites, nucleic acid-based tests are available in reference laboratories.

D. Serology may be useful for diagnosis in non-endemic regions, as a large percent
of the population may have a positive serology in endemic countries.

E. Culture is rarely possible for parasites, and if so, it is available usually only at
reference laboratories. One exception is Trichomonas vaginalis, which can be
cultured in commercially available media.

Protozoa

Taxonomic classification of protozoa has changed with the application of phyloge-
netic analysis, and some organisms formerly categorized as protozoa have been
found to be genetically closer to fungi, for example, Pneumocystis jirovecii and
Microsporidia [4, 5]. A clinically relevant classification of protozoa entails the sep-
aration according to the affected organ system and/or their mode of transmission
(Table 2.2).

Amebae typically use pseudopodia and/or protoplasmic flow to move. The main
representative organisms are Entamoeba, Acanthamoeba, and Naegleria. Flagellates
are characterized by possessing one or more flagella(s), which is a structure resem-
bling a whip and helps the parasite move. They also sometimes contain an undulat-
ing membrane (i.e., trypanosomes). Medically important organisms in this group
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Table 2.2 Major protozoa, which cause disease in humans according to the site of infection

Site of

infection
Intestinal
protozoa

Urogenital
Protozoa
Blood and
tissue Protozoa

Protozoa
Entamoeba histolytica

Giardia lamblia
Cryptosporidium spp.
(Cryptosporidium hominis,
Cryptosporidium parvum)
Cystoisospora species
(Cystoisospora belli)
Cyclospora species (Cyclospora
cayetanensis)

Balantidium coli

Trichomonas vaginalis

Plasmodium species

Babesia species
(Babesia microti)
Toxoplasma gondii

Trypanosoma species
T. cruzi.
T. brucei gambiense.
T. brucei gambiense.
Leishmania species
L. donovani (visceral
leishmaniasis).
L. tropica, L. major (Old
World cutaneous
leishmaniasis).
L. mexicana complex (New
World cutaneous
leishmaniasis).
L. aethiopica, L. Mexicana
pifano (disseminated
cutaneous leishmaniasis).
L. braziliensis complex
(mucocutaneous
leishmaniasis).
Acanthamoeba

Naegleria

Sarcocystis spp.

Mode of transmission
Fecal-oral/ingestion of cysts

Fecal-oral/ingestion of cysts
Fecal-oral/ingestion of oocysts

Fecal-oral/ingestion of oocysts
Fecal-oral/ingestion of oocysts

Fecal-oral
Sexual transmission

Female Anopheles mosquito
Ticks, blood transfusion

Ingestion of parasites from undercooked
meat, ingestion of oocysts after contact with
cat feces, blood transfusion, transplacental
Reduviid (kissing) bug, blood transfusion,
transplacental

Tsetse fly

Tsetse fly

Sandfly

Exposure to contaminated water usually
after swimming in freshwater lakes, hot
springs, rivers, and swimming pools and/or
eye trauma

Inhalation of contaminated water usually
after swimming in freshwater lakes, hot
springs, rivers, and swimming pools
Food-borne (meat)
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are (A) flagellates which involve the intestinal and genitourinary system, like
Giardia and Trichomonas, respectively, and (B) flagellates which circulate in the
blood and can invade tissues, like Trypanosoma and Leishmania [2, 6].

Sporozoa have a complex life cycle involving intermediate hosts, which is char-
acterized by sexual and asexual reproductive phases. These parasites are almost
always intracellular. Major organisms in this group are Plasmodium, Babesia,
Cryptosporidium, Cyclospora, and Toxoplasma. Ciliates possess two types of nuclei
in each cell, and they have cilia, organized in rows or patches. The only medically
important human parasite of this group is Balantidium coli, a very big cell which
can be found in the intestinal tract of infected individuals, though actual disease in
humans is rare [2, 6].

A separate group, formerly categorized as Sporozoa, are Microsporidia. However,
recent genomic analysis has demonstrated that these organisms are more closely
related to fungi [5]. These diverse spore-forming organisms possess a characteristic
polar filament (or polar tube), and they can infect a large variety of hosts. The main
species causing human disease are Enterocytozoon bieneusi and Encephalitozoon
intestinalis, and they are opportunistic pathogens [2].

Amebae

Entamoeba

The life cycle of Entamoeba histolytica consists of two stages, the trophozoite and
cyst stage. Cysts are acquired by ingestion of fecally contaminated food or water.
Within the intestine, cysts differentiate to form trophozoites (ileum), which cause
dysentery by invading the colonic mucosa (cecum and colon), and through which
they can spread via the bloodstream to the liver, or less commonly to the lung and
brain. Cysts and trophozoites are being passed with feces to the environment, where
cysts can survive, whereas trophozoites are killed by exposure to air. Anal-oral
transmission in men who have sex with men (MSM) has also been reported. Humans
are the only host [4, 5].

Infection with E. histolytica is asymptomatic in 90% of cases. The clinical syn-
dromes of amebiasis include acute intestinal amebiasis (amebic dysentery), chronic
amebiasis, and liver abscess. Less commonly, a granulomatous lesion, called an
ameboma, may be found in the cecum or retrosigmoid area and must be differenti-
ated from colonic adenocarcinoma. Liver abscess can present with fever, right-
upper-quadrant pain, weight loss, and hepatomegaly. Aspiration fluid from the
abscess is thick, contains necrotic material, and has a characteristic brownish color,
resembling anchovy paste [4, 5].

Diagnosis is made by microscopic examination of the stool for trophozoites or
cysts. Stool is usually heme positive, and there is paucity of neutrophils. Trophozoites
contain ingested red blood cells. Their nucleus has a characteristic appearance with
small central nucleolus and fine chromatin granules at the border of the nuclear
membrane. Cysts have small size and contain four nuclei, which is an important
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diagnostic characteristic. Trophozoites are rare in liver abscess aspirates because
they are usually present near the capsule. Cysts of E. histolytica and E. dispar are
morphologically indistinguishable, but stool ELISA for Gal/GalNAc lectin can dif-
ferentiate the two species, since it is only positive in E. histolytica. Antibodies
against trophozoite antigens do not offer lifelong protection, and reinfection can
occur. However, serologic tests can be used for the diagnosis of invasive amebic
disease [1-4].

Free-living amebae are Acanthamoeba, Naegleria, and Balamuthia

The first two are found worldwide and have been isolated from fresh water lakes,
taps, swimming pools, hot springs, as well as air conditioning and heating units.
Balamuthia has been found in soil.

Naegleria causes meningoencephalitis following either aspiration of contami-
nated (with cysts or trophozoites) water or inhalation of contaminated dust.
Naegleria invades the meninges via the nasal mucosa and cribriform plate. The
presentation and findings resemble that of purulent bacterial meningitis, cranial
nerve palsies are common, and progression can be rapid with an overall poor prog-
nosis. Motile trophozoites in CSF wet mount confirm the diagnosis, while serology
is not helpful [2, 4, 6].

Balamuthia mandrillaris also causes amebic meningoencephalitis with a usually
subacute course but grave prognosis. Brain imaging yields hypodense space-
occupying lesions, and CSF shows pleocytocis with a neutrophilic or monocytic
predominance [2, 4, 6].

Acanthamoeba causes granulomatous amebic encephalitis and keratitis.
Granulomatous amebic encephalitis occurs most commonly in immunosuppressed
or debilitated patients and has a subacute course with headache, altered mental
status, cranial nerve palsies, focal neurologic deficit, or ataxia. Diagnosis is made
by detection of trophozoites or cysts in CSF or biopsy specimens, and prognosis
is extremely poor. Keratitis by Acanthamoeba can occur via trauma and exposure
to contaminated water or most commonly with the use of extended-wear contact
lenses (while swimming or sub-optimally disinfected). Acanthamoeba cysts can
be identified in corneal scrapings or biopsy specimens. Corneal invasion and
abscess formation can lead to vision loss, and these infections are hard to treat
[2,4,6].

Flagellates
Trypanosoma

The Trypanosoma subspecies which elicit disease in humans are (a) Trypanosoma
cruzi, which is the cause of Chagas disease (American trypanosomiasis), (b)
Trypanosoma brucei gambiense, and (c) Trypanosoma brucei rhodesiese. The
last two are the etiologic agents of sleeping sickness (African
trypanosomiasis).
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T. cruzi is transmitted by the triatomine insects (reduviid bugs), which acquire
the parasite after feeding from infected humans or animals. Parasites multiply in the
insect’s gut and are then released with bug feces onto the skin or mucosa of the host
at the time of the insect bite. Transmission has also been reported with organ dona-
tion, blood transfusion, vertically from mother to child, as well as after laboratory
accident exposure. Clinical disease can be divided into three entities, an acute self-
limiting febrile illness, an indeterminate phase of asymptomatic Chagas disease
(detectable antibodies and minimal, if any, parasitemia), and in few patients a clini-
cal syndrome with gastrointestinal and cardiac involvement and serious prognosis.
Megaesophagus can result in severe reflux and aspiration pneumonitis; megacolon
presents with constipation and sometimes obstruction, volvulus, and sepsis; and
cardiac disease includes rhythm disturbances, dilated cardiomyopathy, thromboem-
bolism, and heart failure [7, 8]. Detection of parasites by microscopic examination
of blood or of Giemsa-stained thin and thick blood smears as well as hemoculture
or PCR can confirm the diagnosis of acute Chagas, whereas serology is the test of
choice for the diagnosis of chronic Chagas disease [3, 7, 8].

T. brucei gambiense (West African) and the T. brucei rhodesiense (East African)
are morphologically indistinguishable and are transmitted to humans via infected
tsetse flies (Glossina genus). The parasites multiply in the insect’s midgut and then
migrate to the salivary gland from where they are released to inoculate the host’s
skin at the time of the blood meal. What is interesting about these trypanosomes is
that they can evade immune response mechanisms for a long period by extensive
antigenic variation of their surface glycoproteins [8, 9]. Human African trypanoso-
miasis or sleeping sickness initially presents as an acute febrile illness that can lead
many years later to severe neurologic impairment and death, in untreated patients.
Apart from having a different epidemiology, the clinical syndromes associated with
the two subspecies are quite distinct. A painful chancre may appear at the inocula-
tion site, and stage I disease is characterized by fever, lymphadenopathy, as well as
generalized symptoms, hepatosplenomegaly, and tachycardia. Stage II disease
involves the CNS and is more acute (<9 months) in East African trypanosomiasis,
whereas in West African, it can occur after many months or years. Neurologic
symptoms comprise of daytime somnolence, progressive indifference, loss of
speech, extrapyramidal signs, ataxia, and progressive neurologic impairment.
Diagnosis is made by detection of the parasites after microscopic examination of the
blood, buffy coat, bone marrow, lymph node aspirate, chancre aspirate, or
CSF. Serology has variable sensitivity and specificity [2, 8, 9].

Leishmania

Leishmania species are intracellular protozoa, transmitted by phlebotomine sand-
flies and cause different clinical syndromes according to the Leishmania species,
the geographic location, and host response. Leishmania infect macrophages in the
dermis, nasopharyngeal mucosa, and reticuloendothelial system resulting in
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cutaneous, mucosal, and visceral leishmaniasis (kala-azar) respectively. Sandflies at
the time of the blood meal regurgitate the promastigotes into the skin of the host,
and these are phagocytosed by macrophages where they are transformed to amasti-
gotes. When ingested by sandflies, amastigotes transform to promastigotes. The
clinical course of the infection largely depends on the balance between Ty1 and Ty2
immune responses [2, 10, 11]. An extensive review of these syndromes is beyond
the scope of this chapter. The major Leishmania species with their respective clini-
cal syndromes are included in Table 2.2. Diagnosis relies on detection of the para-
site by microscopic examination of bone marrow aspirates, dermal scrapings,
impression smears of biopsy specimens, or other tissue specimens. Also, molecular
methods have been developed for the detection and identification of Leishmania
species [1, 3].

Giardia

Giardia lamblia causes giardiasis, which presents as diarrhea and is one of the most
common parasitic diseases in developed and developing countries. Transmission
occurs with ingestion of cysts (as low as ten) from fecally contaminated water or
food. Trophozoites are released from cysts in the small intestine and attach to the
epithelium, but they do not spread hematogenously. Cysts, which are excreted in
stool, can survive in the environment, especially in cold fresh water, and they are
killed by boiling or removed by water filtration. Most commonly, giardiasis causes
epidemics in day-care centers, and episodic infections have been reported. Diarrhea
is associated with abdominal pain, bloating, flatus, belching, and nausea and usually
lasts more than 1 week, and chronic or intermittent symptoms are more frequently
encountered than with other infectious causes [2, 12]. Diagnosis is made by detec-
tion of cysts or trophozoites in stool with microscopy or detection of parasite anti-
gen in feces. Alternatively, parasites may be detected in duodenal fluid or biopsy of
the small intestine. Giardia cysts contain four nuclei and are approximately
8-12 pm x 7-10 pm in size, whereas trophozoites are characteristically pear-shaped
and flattened and contain two nuclei and four pairs of flagella [2, 3].

Trichomonas

Trichomonas vaginalis is transmitted with sexual contact and causes vaginitis in
women and urethritis, epididymitis, or prostatitis in men. 7. vaginalis is a motile,
pear-shaped, 10 x 7 um in size organism, with a central nucleus and four anterior
flagella. It only exists as a trophozoite, which can be detected by microscopic exam-
ination of wet mount of vaginal fluid or prostatic secretions, albeit with moderate
sensitivity. Alternatively, direct immunofluorescence staining, which has better sen-
sitivity, can be used, or culture, which however is more time-consuming and usually
not routinely available [12].



30 E. Christaki

Sporozoa
Babesia

Babesiosis is a vector-borne disease transmitted by ticks, while the reservoir of
Babesia species is wild and domestic animals. Most of the documented cases in the
United States are due to Babesia microti, while in Europe the infection is rare, and
the most commonly isolated pathogen is Babesia divergens. Transmission can occur
also by blood transfusion in endemic areas. Infection in immunocompetent hosts is
usually asymptomatic or self-limiting, but it can be life-threatening (hemolytic ane-
mia, disseminated intravascular coagulation, multi-organ failure) in asplenic, immu-
nocompromised, or elderly individuals. Diagnosis is made by the detection of ring
forms or characteristic tetrads (resembling a Maltese cross) in thin blood smears.
Other tests are the immunofluorescence antibody test (IgG) for B. microti, which
however cannot differentiate past from active infection and PCR-based species-
specific tests [2, 13].

Toxoplasma

Toxoplasma gondii is an intracellular parasite that infects mammals and birds. Its
life cycle consists of two stages, the nonfeline and feline stage. During the nonfeline
stage, cysts are ingested by the host, and after exposure to the acidic gastric secre-
tions, sporozoites are released and infect the epithelial cells of the small intestine.
There, they are transformed into tachyzoites which multiply within the cells, until
these rupture, releasing more parasites which can reach other tissues via the blood-
stream. Cyst forms containing bradyzoites (slowly replicating parasites) can persist
in some organs like the brain and muscle. The feline stage takes place within the
parasite’s definite host, the cat. Ingestion of cysts is followed by the formation of
gametes, whose fusion results in a zygote which is secreted in the feces in the form
of unsporulated cyst (envelope only), which then transforms to sporulated oocyst or
sporozoites after exposure to air. Transmission in humans is mainly through inges-
tion of oocysts from contaminated soil or bradyzoites (tissue cysts) from under-
cooked meat. Transmission also occurs transplacentally, and gestational age at the
time of (primary) infection is critical in predicting the risk of transmission and the
risk of congenital infection [2, 14].

In immunocompetent individuals, 7. gondii most commonly causes an asymp-
tomatic self-limiting disease. It can also manifest with lymphadenopathy, usually
cervical, and generalized symptoms. Complications such as pneumonia, myocardi-
tis, pericarditis, and meningoencephalitis or encephalopathy are rare.
Immunocompromised individuals specifically patients with AIDS or lymphoprolif-
erative disorders receiving chemotherapy can develop clinical toxoplasmosis, most
commonly (more than 50%) with CNS involvement manifesting as meningoenceph-
alitis or ring enhancing mass-like lesions. Ocular toxoplasmosis represents 35% of
all chorioretinitis cases in the United States and Europe and is believed to result from
congenital infection and to a much lesser extent from acquired infection [14, 15].
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Diagnosis of toxoplasmosis can be made by detection of 7. gondii tachyzoites in
body fluids or lymph nodes. The isolation of cysts from tissues is not diagnostic of
acute infection. However, more commonly, serology (IgG, IgM, IgA) is used for
diagnosis, and molecular PCR-based techniques are also available for the detection
of T. gondii in biologic samples. Imaging of the brain with CT, MRI, or CT/SPECT
is necessary for the evaluation and diagnosis of CNS toxoplasmosis [3].

Cryptosporidium

The most common encountered Cryptosporidium species in human infections are
Cryptosporidium hominis and Cryptosporidium parvum, which cause a self-limited
diarrheal disease in immunocompetent individuals, while they can have a more
severe and protracted course in immunocompromised patients, including those with
AIDS. Transmission occurs via the fecal-oral route with the ingestion of oocysts,
which release sporozoites that later form into merozoites, which infect epithelial
cells. Infections can occur in travelers, day-care centers, and water recreational
facilities [16—18]. Cysts are small (4-5 pm) and may not be easily detected in rou-
tine fecal preparations; therefore modified acid-fast stain or direct immunofluores-
cence stain and enzyme immunoassays may be needed for diagnosis [16].

Cystoisospora, Cyclospora

Isospora and Cyclospora also cause diarrheal disease after ingestion of oocysts.
Similar to Cryptosporidium, patients with HIV/AIDS may have a more protracted
course with weight loss, fatigue, and chronic diarrhea. Modified acid-fast stain may
help in the diagnosis of Isospora large cycts (approximately 25 pm) and Cyclospora
cycts (8-10 pm), although the latter stain variably but they can be seen under UV
light microscopy.

Plasmodium

Plasmodium species are the etiologic agents of malaria, which is endemic in more
than 100 countries worldwide. The five human Plasmodium species, namely,
Plasmodium falciparum, Plasmodium malaria, Plasmodium ovale, Plasmodium
vivax, and Plasmodium knowlesi, are transmitted by the bite of the female Anopheles
spp. mosquito. At the time of the blood meal, infected mosquitos inoculate sporozo-
ites, which travel via the bloodstream to the liver, where they replicate in hepato-
cytes (intrahepatic or proerythrocytic schizogony). Merozoites are released from the
liver cells into the bloodstream and infect red blood cells (intraerythrocyte stage),
where they transform into trophozoites and replicate every 48 to 72 hours. At the
end of this stage, schizonts burst and release merozoites, which again infect other
RBCs. After asexual reproduction, some of the parasites transform into distinct
sexual forms, the gametes, which are ingested by mosquitoes upon their blood meal.
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Female and male gametes form a zygote at the midgut of the insect, which matures
into an ookinete and then an oocyst, which releases sporozoites who then migrate at
the salivary gland. The periodic release of merozoites in the bloodstream causes
periodic fever and chills, which is typical for malaria. Malaria presents with fever,
chills or rigors, malaise, headache, muscle aches, arthralgias, abdominal pain, or
discomfort, and patients have anemia and splenomegaly. Severe malaria, which is
almost always caused by P. falciparum, may result in cerebral malaria, hypoglyce-
mia, acidosis, renal failure, pulmonary edema, and liver dysfunction and can be
complicated with septicemia [2, 19, 20]. An extensive review of these syndromes is
beyond the scope of this chapter. Diagnosis is confirmed with microscopy of
Giemsa-stained thin and thick peripheral blood smears, and Plasmodium species
can be differentiated based on their morphology. Antigen-based diagnostic tests are
also routinely used as well as molecular PCR-based methods [3].

Helminths

Helminths comprise of flatworms (Platyhelminthes) and roundworms (nematodes).
Flatworms (Platyhelminthes) are further divided into two classes: Cestoda
(Digenea, tapeworms) and Trematoda (flukes) (Table 2.3).

Table 2.3 Major flatworm infections, which cause disease in humans, according to the site of
infection

Site of infection Flatworm Mode of transmission

A. Cestodes

(tapeworms).

Intestinal tapeworms Taenia saginata (beef Ingestion of larvae in undercooked beef
tapeworm)
Taenia solium (pork Ingestion of larvae in undercooked pork,
tapeworm) ingestion of eggs (fecal-oral)
Diphyllobothrium latum (fish Ingestion of larvae in undercooked fish
tapeworm)
Hymenolepis nana (dwarf Fecal-oral
tapeworm)

Somatic/tissue Echinococcus spp. Ingestion of eggs

tapeworms Echinococccus granulosus
Echinococcus multilocularis
Taenia solium (pork Ingestion of larvae in undercooked pork,
tapeworm) ingestion of eggs (fecal-oral)

B. Trematodes

(flukes).

Intestinal flukes Fasciolopsis buski Fecal-oral
Heterophyes heterophyes Fecal-oral

Liver flukes Fasciola hepatica Ingestion of cysts (watercress)
Clonorchis sinensis Ingestion of undercooked fish

Lung flukes Paragonimus spp. Ingestion undercooked crayfish or crabs
(Paragonimus westermani)

Blood flukes Schistosoma spp. Skin penetration

Schistosoma mansoni
Schistosoma haematobium
Schistosoma japonicum
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Trematodes (Flukes)

Trematodes are parasitic species that affect a considerable number of people world-
wide and cause significant morbidity and mortality. For clinical purposes, they can
be divided into two large categories: intestinal and tissue flukes. Tissue flukes can
be further divided into three categories: blood flukes, hepatic/biliary flukes, and
lung flukes.

They have common morphological characteristics, including the shape of the
body and the suckers.

Except schistosomes, all trematodes are hermaphroditic. Male and female schis-
tosomes coexist in the same body. The life cycle of the trematodes includes an
asexual part in the intermediate host, usually specific species of freshwater snails,
and a sexual part in the definitive host, which is humans. The life cycle begins with
the ingestion of the cercaria or through skin penetration (schistosomes). Cercaria
are produced during the asexual stage in the snails. After ingestion, adult trematodes
proceed to the sexual production of eggs which are excreted with feces, sputum, or
urine, according to the type and the location of the fluke. Then the eggs infect the
intermediate hosts, which are snails and some species of fish and crabs.

The most important pathogens of this category are Schistosoma species (blood
flukes), Clonorchis sinensis (liver flukes), and Paragonimus westermani (lung
flukes) [21].

Schistosoma Species (Blood Flukes)

Schistosomiasis is caused by five species of the genus Schistosoma. The most
important ones are S. mansoni and S. japonicum, which affect the intestinal tract and
the liver, and S. haematobium, which affects the urinary tract. As mentioned above,
the free-swimming tailed cercariae of the parasite penetrate the skin in order to
infect humans. As they enter the subcutaneous tissue, they leave their tail and trans-
form into schistosomula. The schistosomulas migrate through the veins to the liver,
where the parasite matures to the adult fluke which contains the male and the female
attached to the same body. After the maturity (in about 6 weeks), the parasite
migrates through the portal circulation to the vesical (S. haematobium) and the
intestinal (mesenteric) veins. The adult flukes can reach up to 2 cm in length. Sero-
logic. After mating, the parasites produce and deposit their eggs intravascularly.
These penetrate the endothelium and reach the genitointestinal tissues, from where
they are finally excreted into feces and urine [2, 22].

At the penetration site, a localized erythema or dermatitis can be observed. Acute
infection (Katayama syndrome) is characterized by systematic symptoms like fever,
headache, malaise, and cough. Diarrhea may be present, and hepatosplenomegaly,
lymphadenopathy, and eosinophilia during the migration stage are common find-
ings. In chronic schistosomiasis, patients can be asymptomatic. Cirrhosis may
develop with portal hypertension, ascites, massive splenomegaly, esophageal vari-
ces, and hepatic failure. Urinary schistosomiasis is usually present with hematuria
and dysuria. Chronic fibrotic changes can lead to hydroureter or hydronephrosis,
chronic kidney disease, bacterial urinary tract infections, and bladder cancer.
Diagnosis is established by the detection of the characteristic eggs in the stools or
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urine or other infected tissues (rectum, bladder, and liver biopsy most commonly).
Quantitative determination is important. More than 400 eggs per gram of feces or
per 10 ml of urine suggests heavy infection with higher risk of complication. The
S. haematobium egg is a large ovum with a terminal spine. S. mansoni eggs are large
eggs with lateral spine. S japonicum eggs are smaller than S. mansoni’s eggs with a
small spine. Serologic tests (ELISA) are available with high sensitivity and specific-
ity but cannot distinguish the acute or chronic phase, so the diagnosis depends also
on the clinical presentation and the history of exposure. Other diagnostic tests
include the detection of circulating schistosome antigens in the blood and other
body fluids (urine, CSF) [2, 22].

Liver/Biliary Flukes

Fasciolia hepatica

Fasciola hepatica and Fasciola gigantica are known as sheep liver flukes. Sheep
and humans are infected by the ingestion of the parasite eggs usually through the
consumption of aquatic plants such as watercress. After ingestion, metacercariae
penetrate the intestinal wall and reach the liver and the biliary system, where the
hermaphrodite flukes produce their eggs. Symptoms can occur during the acute
phase of migration or the chronic infection. At the migration phase, fever, abdomi-
nal pain primarily at the right upper quadrant, hepatomegaly, eosinophilia, leukocy-
tosis, and urticaria may occur. On the other hand, chronic infection is characterized
by biliary obstruction, jaundice, cholangitis, and biliary cirrhosis. Diagnosis is
made by the detection of the parasite ova in the stool examination. This may be dif-
ficult at the early stages of the disease in which high degree of suspicion is critical
for the diagnosis. Imaging studies with CT scan may reveal hypodense migratory
lesions. Serologic tests are useful with high sensitivity and specificity. Antigen
detection methods are also used in veterinary medicine with high sensitivity and
specificity, but more trials are needed in humans [3, 22, 23].

Clonorchis and Opisthorchis (Asian/Oriental Fluke)

Clonorchis sinensis, Opisthorchis viverrini, and Opisthorchis felineus are endemic
in Asian countries. Humans are incidental hosts and are infected by eating raw or
undercooked fish contaminated with the metacercariae of the parasite. The parasite
excysts in the duodenum and migrates through the Vater’s ampulla to the biliary
tree. In the bile ducts, the parasite matures and can reach 1-2 cm in length. As it is
a hermaphrodite parasite, it produces eggs, which are excreted with the bile to the
feces and released in the environment, where they are ingested by freshwater snails
(first intermediate host). The snails release the larvae that transform into cercariae
which are eaten by the freshwater fish (second intermediate host). Infected individu-
als may be asymptomatic. Right upper quadrant pain may be present in the acute
phase, especially during parasite migration, accompanied with fever, eosinophilia,
and hepatomegaly. Cholangitis and biliary obstruction with jaundice also may
occur. Chronic inflammation of the bile ducts causes hyperplasia and fibrosis, and
the infection with C. sinensis has been related to cholangiocarcinoma. Diagnosis is
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established with the detection of the characteristic eggs of the parasite in stool. In
the acute phase, diagnosis may be difficult because eggs are detected in feces
3—4 weeks after infection. Serologic and molecular tests have been also been devel-
oped and are used to support the diagnosis [22, 24].

Lung Flukes

Paragonimiasis

The main representative in this category is Paragonimus westermani. The life cycle
of Paragonimus includes two intermediate hosts as described in clonorchiasis.
Humans are infected by the ingestion of raw or undercooked crayfish or crabs,
which contain parasite metacercariae in their muscles and viscera. After ingestion,
the eggs excyct in the duodenum and migrate through the peritoneum, the dia-
phragm, and the pleural cavity to the lungs. In the lungs, they mature in about
2 months, and they form cyst lesions. The eggs of the parasite pass to the environ-
ment by the sputum, or they are swallowed again and are excreted with the feces.
The first intermediate hosts in the environment are snails, who release larvae, which
are taken by crayfish and crabs. As seen in other migrating parasites, during the
acute phase of migration, fever, urticaria, and eosinophilia may develop. When par-
asites encyst in the lungs, they can cause symptoms of pneumonia, productive
cough, brownish sputum, bronchitis, bronchiectasis, chest pain, pleural effusion,
lung abscess, and diarrhea. Extrapulmonary disease is rare but may occur, mainly in
the CNS with symptoms of space-occupying lesion, such as headache, focal neuro-
logic signs, and seizures. Diagnosis is made by the detection of the parasite’s eggs
in the sputum or stool. Serologic tests may be helpful especially in CNS infection or
when stool examination is negative. Imaging studies may reveal lung infiltrates,
bronchiectasis, abscess and nodular cavities with or without calcification, pleural
effusion, and fibrosis [22, 25].

Intestinal Flukes (Heterophyes heterophyes and Fasciolopsis buski)
Humans are infected by eating raw plants (F.buski) and freshwater fish (H. hetero-
phyes) which contain eggs of the parasite. After ingestion, the parasites mature in
the small intestine and produce eggs that pass through the feces. Infection is usually
asymptomatic. In heavy parasitosis, diarrhea and abdominal pain may occur.
Eosinophilia may be seen in the blood count. Diagnosis is made by the detection of
the parasite’s ova in the stools [22].

Cestode Infections

Tapeworms (cestodes) consist of two parts: the scolex and the proglottids. The para-
site uses the scolex (a rounded head) to attach to the small intestine mucosa. The
mature proglottids produce the eggs (hermaphroditic) which are excreted in the
feces in order to transmit to various hosts. The length of tapeworms varies, and it
can reach several meters. It depends on the number of proglottids, which can count
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more than 1000. The eggs are very similar morphologically among the different
Taenia species. As a result, differences in the morphology of the scolex and the
proglottids comprise the basis of the diagnosis and species identification.

Tapeworms are divided into two categories: intestinal tapeworms (non-invasive)
and tissue (somatic, invasive) tapeworms. The four major tapeworms that cause
non-invasive infections are Taenia saginata (beef tapeworm), Taenia solium (pork
tapeworm, the adult form), Diphyllobothrium latum (fish tapeworm) and
Hymenolepis nana (dwarf tapeworm). Taenia solium can also cause invasive infec-
tion by the form of cysticercosis (larvae). Invasive tapeworm infection is caused by
two major pathogens: Taenia solium, the cause of cysticercosis, and Echinococcus
species, primary Echinococcus granulosus (hydatid disease) and secondary
Echinococcus multilocularis [21].

Intestinal (Non-invasive) Cestodes

Taenia saginata (Beef Tapeworm)

T. saginata is transmitted to humans by ingesting raw or undercooked beef, which
contains larvae of the parasite. Humans are the definitive host. The larvae attach to
the small intestine and mature in the adult form that can reach 10 m in length, a
process that can last for 2-3 months. Most of the patients are asymptomatic.
Symptoms like abdominal pain or cramps, diarrhea, malaise, loss in appetite, and
weight loss can occur. Usually patients notice the parasite in their feces, and as the
proglottids are often motile, they can have perianal discomfort and pruritus.
Diagnosis relies on the detection of the proglottids in the feces. The scolex has four
suckers but no hooks that characterize T. solium. Also, T. saginata has 15-30 uterine
branches in each gravid proglottid segment, in contrast to 7-12 in 7. solium. Eggs
are morphologically indistinguishable, and serologic tests are not helpful for the
diagnosis [2, 26].

Taenia solium (Pork Tapeworm)

T. solium is transmitted to humans by eating raw or undercooked pork meat. The
adult forms of the parasite cause taeniasis, and the clinical futures are similar to
T. saginata infection. The larval forms can cause invasive infection, cysticercosis,
which is discussed separately. The tapeworm can reach 3 m in length. Diagnosis is
made similarly to 7. saginata, and it depends on the detection of the parasite seg-
ments in the feces. The distinction between 7. solium and T. saginata is made by the
different characteristics of scolex and gravid proglottids as described above.

Diphyllobothrium latum (Fish Tapeworm)

Humans are infected by consuming raw or undercooked freshwater fish. Fish
acquire the parasite by eating freshwater crustaceans containing embryos from the
parasite eggs. The adult form is the longest tapeworm, and it can reach 20-25 meters
in length .Maturation lasts from 3 to 5 weeks, and the parasite resides in the ileum.
Clinically, most patients are asymptomatic, but non-specific gastrointestinal
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symptoms may occur. Occasionally, intestinal obstruction may develop, and rarely
cholangitis and cholesystitis may occur due to migration of the proglottids. The
infection may also cause vitamin B12 deficiency by two mechanisms: (1) consump-
tion of the vitamin from the parasite and (2) dissociation of the vitamin from the
intrinsic factor, which results in vitamin malabsorption. Diagnosis relies on detec-
tion of characteristic eggs (oval shape, operculum) in the stool [2, 26].

Hymenolepis nana (Dwarf Tapeworm)

H. nana is the most common tapeworm infection. The parasite is transmitted
between humans without requiring intermediate host. Infection follows the inges-
tion of food contaminated with human feces containing H. nana eggs. The egg is
attached in the small intestine mucosa and matures to the adult form. The adult form
can reach 2-5 cm length and is considered the smallest tapeworm that infects
humans. It matures over 10-12 days. Then it releases fertilized eggs, which either
can pass through the feces or can cause autoinfection by reattaching in the small
intestinal wall. The clinical manifestations include non-specific gastrointestinal
symptoms, although the infection is mostly asymptomatic, even with high numbers
of parasites. Diagnosis is made with the detection of eggs in stool [26].

Tissue (Somatic, Invasive) Cestodes

Cysticercosis

Cysticercosis, as mentioned above, is caused by the larval forms of 7. solium, the
pork tapeworm. The infection occurs with the consumption of food or water con-
taminated with human feces, containing the eggs of the parasite. The consumption
of raw or undercooked pork meet only causes taeniasis. Autoinfection may occur
when a carrier host with tapeworm consumes contaminated food or water by his or
her own feces containing the eggs of 7. solium. The life cycle of the parasite begins
when humans ingest raw or undercooked pork, which contains the larvae. The hel-
minths mature in the small intestine producing many eggs daily by the gravid pro-
glottids. Three to five proglottids are released daily in the feces, and each one
produces up to 50,000 eggs, which can survive for several months in the environ-
ment. The intermediate host is the pig, which consumes food contaminated with
human feces. Then the larvae mature in the intestine of the animal, penetrate the
intestinal wall, intersperse to the tissues, and cause cysticerci. The parasite shows
tropism for striated muscle tropism [26, 27].

Cysticerci can potentially affect any tissue and organ. Most commonly they
infect the brain/CSF, the skeletal muscles, the skin and subcutaneous tissue, and the
eye. Neurologic symptoms of hydrocephalus or increased intracranial pressure
symptoms (confusion, headache, vomiting, blurred vision, dizziness, ataxia, hyper-
tension, bradycardia, papilledema) and seizures are common. The presentation of
these symptoms depends on the location and the expansion of the cysticerci. In the
eye, the larvae can be visualized in the vitreous, and they can cause uveitis and reti-
nitis. Subcutaneous nodules may develop that contain the parasites. In most of the
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cases, the diagnosis is based on a combination of clinical manifestations, imaging,
and serologic tests [27-29].

The absolute diagnostic criterion is the detection of the parasite in the tissues.
This can be achieved in three ways: (a) histological detection of the parasite in
biopsy material or surgically excised tissue, (b) visualization of the parasite by fun-
doscopy, and (c) neuroimaging with MRI or CT scan to detect the lesions containing
the scolex. The lesions are cystic and may present with enhancement and nodular
calcifications. They can reach 5-20 mm in diameter, and if they are located in the
subarachnoid space or the ventricles, they can cause obstructive hydrocephalus.
Another helpful examination is serological testing in the blood. Specific antibodies
can be detected with ELISA. However some patients may not develop antibodies
(single and calcificated lesions). Antigen detection methods have developed, but
they are not widely available. Response to empiric therapy with albendazole or
praziquantel is another useful criterion for the diagnosis. Diagnostic criteria of cys-
ticercosis have been developed and can be found elsewhere [30, 31].

Echinococcus Species

The most important pathogen in this category is Echinococcus granulosus (dog
tapeworm). Less common infections occur due to Echinococcus multilocularis
(found in foxes). The definitive hosts are canines. Life cycle begins when eggs origi-
nating in the small intestine of dogs are excreted through feces in the environment.
Ingestion of eggs by intermediate hosts, which include sheep, humans, cattle, goats,
camels, and horses, is followed by the development of oncosphere embryos in the
intestine and their migration primarily to the liver, but also the lungs, the brain, and
the bones, where they develop into hydatid cysts. Skeletal muscles, kidneys, and
spleen are alternative locations.

E. granulosus is a small tapeworm. The scolex is similar to 7. solium, consist-
ing of hooks and four suckers, with the difference that E. granulosus has only
three proglottids, and it can reach 5 mm in length. In humans, the two most
affected organs are the liver (65%) and the lungs (25%). Larvae develop into
hydatid cysts. They are fluid-filled unilocular lesions with an external layer, a
thick membrane of fibrous tissue, and an inner germinal layer. The inner layer
contains scoleces, daughter cysts, and brood capsules which are germinating cys-
tic structures that produce protoscolices (new larvae). E. multilocularis is gener-
ally a more aggressive pathogen, which causes multilocular cysts with local and
distant spread [2, 26].

The cysts of E. granulosus develop slowly over the years. The signs and symp-
toms depend on the location and the size of the cyst. Infected individuals may com-
monly be asymptomatic until the cyst is enlarged and presents as a space-occupying
lesion. Symptoms include abdominal pain and discomfort, mostly in the right upper
quadrant, biliary obstruction and jaundice, cholangitis, cirrhosis, and portal hyper-
tension. Pulmonary symptoms like chest pain, cough, bronchial obstruction, and
dyspnea may occur with lung cysts. The cysts may be secondarily infected with
bacteria and transform into abscesses. If the cyst is located in the brain, it can cause
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headache and focal neurologic symptoms. Rupture of the cyst may cause dissemina-
tion of the parasites, which can form new cysts, severe allergic reaction, and ana-
phylactic shock. This may occur spontaneously or during the surgical removal of
the cyst [26, 27, 32]. Hydatid cyst disease is extensively described in other chapters.

Imaging studies are essential for the diagnosis. Ultrasonography, MRI, and CT
scan are the most common examinations performed for the evaluation of the cysts.
Daughter cysts in a larger cyst are considered pathognomonic. Imaging usually
reveals well-defined cysts with thick or thin walls. Mural calcification of the cyst
may be seen which makes the cysts inactive. In the lungs, cysts present as solid
masses with central necrosis and plaque-like calcifications. Serologic tests may be
useful for the diagnosis, and they are up to 90% positive if liver cysts are present.
Negative tests do not exclude the diagnosis. ELISA and immunoblotting techniques
are used with sensitivity and specificity up to 80% [3, 26, 27, 33].

Nematodes (Roundworms)

Nematodes can be divided into intestinal nematodes, tissue nematodes, and nema-
todes whose larvae cause disease (larva migrans) (Table 2.4).

Table 2.4 Major roundworm infections, which cause disease in humans, according to the site of
infection

Site of infection Roundworm Mode of transmission
Intestinal roundworms  Ascaris lumbricoides (roundworm of Fecal-oral
humans)
Ancylostoma duodenale (Old World Skin penetration
hookworm)
Necator americanus (New World Skin penetration
hookworm)
Enterobius vermicularis (pinworm) Fecal-oral
Trichuris trichiura (whipworm) Fecal-oral
Strongyloides stercoralis Skin penetration,
autoinfection

Tissue roundworms

Larva migrans
syndromes

Anisakidae
Trichinella spiralis

Wuchereria bancrofti
Brugia malayi

Loa loa

Onchocerca volvulus
Dracunculus medinensis
Angiostrongylus cantonensis
Toxocara canis and Toxocara cati

Ancylostoma braziliense

Ingestion of uncooked
saltwater fish
Undercooked pork or wild
game

Culex mosquitoes
Mansonia, Anopheles
mosquitoes

Chrysops (deerflies)
Simulium (blackflies)
Water

Undercooked seafood, snails
Oral/ingestion of eggs

Skin penetration
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Intestinal Nematodes

Infection with intestinal nematodes is very common worldwide, as more than one
billion people are infected with one or more intestinal nematodes. However, these
organisms are more common in resource-poor countries, where sanitation may be
limited, and in immigrants and refugees from these countries. They have complex
life cycles and vary in size from 1 mm to few centimeters. Intestinal roundworm
infections may contribute to malnutrition. Clinical disease often requires pro-
longed stay in an endemic area, because in order to acquire a heavy burden of
adult worms, one has to have repeated exposure to the infectious parasite forms
[34]. Roundworm infections are commonly associated with parasitemia
(Table 2.5).

Ascaris lumbricoides

Ascaris Lumbricoides reside in the small intestine and is the largest parasite in its
group, reaching up to 40 cm in length. Transmission is via the fecal-oral route, when
humans ingest eggs (residing in soil). Larvae hatch in the small intestine, invade
through the mucosa, and migrate to the lungs (9—12 days after egg ingestion) where
they ascend the bronchial tree, and then they are swallowed again reaching the small
intestine and maturing into adult forms. Clinical manifestations include pulmonary
and gastrointestinal symptoms. During lung migration, a nonproductive cough,
chest discomfort, and fever may develop. Eosinophilia is common at early stages.
Chest X-ray may show evidence of eosinophilic pneumonitis (Loffler’s syndrome)
with fleeting infiltrates. Symptoms from the intestinal tract, like abdominal pain or
obstruction, usually occur with heavy parasite burden. Complications include intus-
susception, volvulus and perforation, cholecystitis, cholangitis, pancreatitis, or,
rarely, liver abscess and should be included in the differential diagnosis of acute
abdomen in endemic areas. Diagnosis is made by macroscopic detection of adult
worms in feces or sputum and/or eggs in stool [2, 34, 35].

Table 2.5 Parasites most commonly associated with eosinophilia

Site of infection Flatworm
Roundworms Ascaris lumbricoides
Ancylostoma spp.
Trichinella spiralis
Strongyloides stercoralis
Wuchereria bancrofti, Brugia spp., Lao loa, Onchocerca volvulus
Toxocara spp.
Angiostrongylus cantonensis
Gnathostoma spinigerum

Tapeworms/cestodes Echinococcus granulosus
Taenia solium
Flukes/Trematodes Schistosoma spp.

Clonorchis sinensis
Fasciola hepatica
Paragonimus spp.
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Ancylostoma duodenale (Old World Hookworm), Necator americanus
(New World Hookworm)

Ancylostoma duodenale (Old World hookworm) and Necator americanus (New
World hookworm) cause hookworm disease when there is heavy parasite burden
and/or prolonged duration of infection. Infection when combined with decreased
iron uptake can result in iron deficiency anemia. However, most infections are
asymptomatic. Adult worms attach to the small bowel mucosa (sucking blood) and
produce eggs, which are excreted with feces. In the soil, larvae hatch and transform
to the infective adult filariform worms. These penetrate the skin and reach the lung
through the bloodstream, where they ascend the bronchial airways and are swal-
lowed and descend to the small intestine. Symptoms are usually mild and include
pruritic dermatitis, subcutaneous migration, pneumonitis, abdominal pain, and
inflammatory diarrhea. Eosinophilia is usually present, and iron deficiency anemia
as well as hypoproteinemia can develop, as mentioned above. Diagnosis is made by
microscopic detection of hookworm eggs in stool samples [34, 35].

Enterobius vermicularis (Pinworm)

Infection with Enterobius vermicularis is very common in children worldwide.
Transmission occurs with ingestion of parasite eggs, which then hatch in the small
intestine and give rise to larvae that migrate to the colon after maturing into the adult
forms. Male and female reproduce in the colon, and the female worm releases the
eggs at the perianal skin area at night. After scratching the area, infectious embryo-
nated eggs can cause re-infection through contamination of fingers and re-ingestion.
Diagnosis is made using the clear cellulose acetate tape technique in order to recover
eggs from the perianal area and examine them microscopically. Worms may also be
seen in stool [2].

Trichuris trichiura (Whipworm)

Trichuris trichiura infection is more common in tropical areas and resource-poor
countries. The life cycle is similar to that of Enterobius vermicularis. Most infec-
tions are asymptomatic; however it can cause diarrhea or rectal prolapse due to
increased peristalsis in children with heavy parasite burden. The adult worm is
whip-like, and eggs are barrel (or lemon)-shaped, and their detection confirms the
diagnosis [2, 35].

Strongyloides stercoralis

Strongyloides stercoralis, as opposed to other helminths, has the ability to replicate
within the human host; thus persistent infection can develop without repeated expo-
sure to infective larvae from the environment. This is particularly important in
immunocompromised patients who can present with disseminated disease due to
these autoinfection cycles. Strongyloides is a facultative parasite and can survive in
the soil as a free-living organism. Transmission occurs when filariform larvae from
the soil penetrate the skin and reach the lungs via the bloodstream; there they ascend
the airways, and they are swallowed and descend to the small intestine. The female
worms reproduce in the intestinal mucosa by parthenogenesis, and eggs hatch
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releasing larvae which migrate to the lumen and are excreted with feces. Rhabditiform
larvae can also transform to infective forms that penetrate the mucosa or perianal
skin and re-infect the host. Clinical symptoms are usually mild and include recur-
rent urticaria, a serpiginous eruption at the site of larva migration known as “larva
currens,” gastrointestinal symptoms, weight loss, colitis, and rarely bleeding or
obstruction. Eosinophilia is present, and pulmonary symptoms are not frequent.
Hyperinfection syndrome occurs more commonly in patients receiving glucocorti-
coids, and it can be life-threatening presenting as disseminated disease affecting
many organs. Due to the disruption of enteric mucosal barrier, it is usually accom-
panied by Gram-negative bacteremia (also polymicrobial). Diagnosis is based on
larvae detection in serial stool samples or if needed in duodenal aspirates or biopsy
specimens. These are 250 pm in length and can be distinguished morphologically
by hookworms due to their short buccal cavity. ELISA-based antibody tests are used
for diagnosis, with good sensitivity for uncomplicated infections [35-38].

Tissue Roundworms

Trichinella spp.

Infection with Trichinella species (eight are recognized), most commonly 7. spira-
lis, causes trichinellosis. Transmission occurs after ingestion of undercooked meat
containing cysts, most usually pork but also other carnivores or wild game. Larvae
excyst in the small intestine mucosa and mature into adult forms. Adult females
produce eggs, and larvae are released via the bloodstream to different organs; how-
ever cysts develop in striated muscle cells, where they can remain viable for many
years. When the parasite burden is high, diarrhea or other gastrointestinal symptoms
can occur 1 week after infection. Low parasite burden infections are asymptomatic.
During the second week, symptoms due to muscle invasion or larval migration may
develop. The latter presents as hypersensitivity reaction with eosinophilia, rash, and
fever, but also periorbital and facial edema as well as subconjuctival, retinal, and
splinter hemorrhages are described. Complications include myocarditis, tachyar-
rhythmias, pneumonitis, and, less frequently, encephalitis. Muscle edema, myal-
gias, muscle weakness, and myositis symptoms reflect larval encystment, and
affected areas are the extraocular muscles; muscles of the neck, face, and back;
biceps; and diaphragm. Eosinophilia is very common and peaks between weeks 2
and 4 after infection; CPK is also elevated and clinical suspicion is important for
diagnosis. Serologic tests can confirm the diagnosis; otherwise a muscle (1gr)
biopsy may be needed for microscopic detection of cysts [2, 39, 40].

Wuchereria bancrofti, Brugia malayi, Loa loa, Onchocerca volvulus,
Dracunculus medinensis

Filariasis affects more than 170 million people worldwide. Although eight filarial
worms infect humans, five of them cause clinically important disease. These are
Wucherereia bancrofti, Brugia malayi, Loa loa, Onchocerca volvulus, and
Dracunculus medinensis. The filarial parasites are transmitted by mosquitos and
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other arthropods. Their life cycle is complex and involves a larval stage within the
insect and an adult worm phase, which is carried out in the lymphatics or subcutane-
ous tissues in humans. Adult worms produce microfilariae, which can either circu-
late in the bloodstream or penetrate the skin. Arthropods ingest microfilariae, which
develop into infective larvae within the insect. Filariasis usually occurs after
repeated exposure to the infectious forms of the parasite and typically manifests as
chronic infection, especially in endemic areas. Nonetheless, the disease can have a
more acute presentation in newly exposed individuals (non-natives) [34].

W. bancrofti and B. malayi cause lymphatic filariasis, which can lead to signifi-
cant lymphatic obstruction due to inflammatory changes and eventually fibrosis of
the lymphatics, triggered by the filarial adult worms. In extreme forms, lymph-
edema can evolve to elephantiasis of (usually lower) extremities. Diagnosis is based
on detection of microfilariae in blood or other biologic specimens. Antigenic detec-
tion and PCR-based tests are also useful, if available [2, 3, 34].

Onchocerciasis is the cause of “river blindness,” while Loa loa (African eye
worm) causes loiasis and can manifest with episodic Calabar swellings (localized
areas of angioedema) [2, 34].

Larva Migrans Syndromes

Toxocara canis (dog) and Toxocara cati (cat) cause visceral larva migrans. The defi-
nite host is the dog, and humans are accidental dead-end hosts. Diagnosis is made
with the detection of larvae in tissue. The larvae can migrate in various organs,
where they are encapsulated and die. However, granulomas can form around the
dead larvae, and the mechanism is a delayed hypersensitivity response. Blindness is
the most serious complication. Serologic tests can be useful, and eosinophilia and
hypergammaglobulinemia are supportive of the diagnosis [2].

Ancylostoma braziliense (cat) and Ancylostoma caninum (dogs) cause cutaneous
larva migrans. Larvae enter the human host via skin penetration, but they cannot
complete their life cycle. As larvae migrate through the subcutaneous tissues, a
creeping eruption occurs, which is intensely pruritic [2].

Angiostrongylus cantonensis, Gnathostoma spinigerum, and Baylisascaris can
cause eosinophilic meningitis.
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The Role of Surgery in Treating Parasitic 3
Diseases of the Gastrointestinal Tract
from Protozoa

loannis A. Ziogas and George Tsoulfas

Introduction

Protozoa (from the Greek words protos [meaning first] and zoon [meaning animal])
constitute common inhabitants of the human gastrointestinal tract [1]. The majority
of protozoa can easily change from their active feeding form (trophozoite) to the
inactive and resistant form (cyst), which is also responsible for the process of trans-
mission (Fig. 3.1). The most common route of transmission is fecal-oral, mostly
through the consumption of undercooked meat or contaminated water [2]. In com-
parison to the majority of helminths, parasitic protozoa have the innate capacity to
replicate within the host’s corpus, which does explain not only their survivability
but also the burden of disease they can cause from a single exposure [1]. Lumen-
dwelling protozoa are subdivided into the following phyla based on their motility
abilities: (a) Mastigophora (flagellates), (b) Sarcodina (amebae), (c) Sporozoa, and
(d) Ciliophora (ciliates) [3].

Even though they mostly represent non-pathogenic commensals or cause just
mild disease, protozoa may cause significant morbidity and mortality in certain
occasions. The low socioeconomic status of developing countries along with the
suboptimal conditions of hygiene renders it easier for intestinal protozoa to flourish
with a consistently high incidence [2]. On the other hand, they have occasionally
been accused of causing diarrheal or other enfeebling diseases, especially in the
immunocompromised as well as in developed countries [4-7]. The better sanitary
conditions of these countries lead to an ignorance against the severity of disease that
enteric protozoa can engender [8]. Consequently, they are sometimes omitted from

1. A. Ziogas
Department of Surgery, Vanderbilt University Medical Center, Nashville, TN, USA

G. Tsoulfas (P<)
First Department of Surgery, Aristotle University of Thessaloniki, Thessaloniki, Greece

© Springer Nature Switzerland AG 2020 49
G. Tsoulfas et al. (eds.), The Surgical Management of Parasitic Diseases,
https://doi.org/10.1007/978-3-030-47948-0_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47948-0_3&domain=pdf
https://doi.org/10.1007/978-3-030-47948-0_3#DOI

50 I. A. Ziogas and G. Tsoulfas

excystation

CYST TROPHOZOITE

e Passed in feces * Feeding

¢ Resistant * Motile

¢ Inactive * Replication
encystment

Fig. 3.1 Typical protozoal life cycle

Table 3.1 Common protozoan pathogens causing gastrointestinal infection that may require sur-
gical intervention

1. Mastigophora (flagellates)
Giardia lamblia (or G. duodenalis or G. intestinalis)
Dientamoeba fragilis
Trypanosoma cruzi

2. Sarcodina (amebae)
Entamoeba histolytica

3. Sporozoa
Cryptosporidium parvum
Cyclospora cayetanensis

4. Ciliophora (ciliates)
Balantidium coli

the differential diagnosis, and thus severe complications may arise; under such cir-
cumstances, medical therapy is usually inadequate to eliminate the disease, and
surgical intervention is inevitable.

This chapter aims to highlight the role of surgery against the protozoal disease of
the gastrointestinal system through the discussion of the most common intestinal
protozoa individually (Table 3.1).

Mastigophora (Flagellates)
Giardiasis

Giardia lamblia (also known as G. duodenalis or G. intestinalis) is a flagellate pro-
tozoon contributing to a significant number of epidemic or sporadic cases of diar-
rhea worldwide [9]. The first patient afflicted by giardiasis was described in 1681 by
Van Leeuwenhoek [10], but the organism was rediscovered and named in 1859 by
Lamb [11]. G. lamblia is subdivided into seven molecular types (A through G) with
types A and B constituting the primary human pathogens [12]. Risk factors for giar-
diasis infection include poor hygiene conditions and lack of water treatment
resources [9]; people are in particularly high risk during backpacking or recreational
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water use activities or consuming water from surface wells [13]. Admittedly, giar-
diasis in one of the most common pathogens causing diarrheal disease in interna-
tional travelers returning to the USA and Europe [14-16]. Although water-borne
and food-borne are the main ways of transmission, little children attending day-care
facilities are also at an increased risk (fecal-oral transmission), as well as men hav-
ing sex with men (oral-anal contact) [13, 17]. Patients with cystic fibrosis, hypo-
gammaglobulinemia, IgA deficiency, and decreased secretion of gastric acid
constitute high-risk candidates for G. lamblia infection [13, 18, 19].

Giardiasis can be asymptomatic in 10-15% of the patients, but most of them
typically present with acute giardiasis symptoms, such as diarrhea (95%), malaise
(86%), foul-smelling fatty stools (75%), abdominal cramping (70%), nausea (70%),
and bloating (50%) [13, 20]. The incubation period for diarrhea from G. lamblia is
approximately 1-2 weeks, and the onset is indolent; disease duration lasts 2—4 weeks
with treatment and 6 or more weeks without treatment, while giardiasis is generally
considered self-limited. Chronic disease may either develop after acute symptoms
when the disease does not resolve on its own or even without a previous acute ill-
ness and usually presents in one-third of the patients [21]. Symptoms that should
raise concern for chronic disease include loose stools without diarrhea, steatorrhea,
significant weight loss, malabsorption (hypoalbuminemia and vitamin deficiency),
malaise, and depression. Differential diagnosis should include microbial diarrhea
caused by Salmonella or Campylobacter, as well as celiac disease, tropical sprue,
Whipple’s disease, lactose intolerance, irritable bowel syndrome (IBS), and Crohn
ileitis [13]. Definitive diagnosis is established via antigen detection immunoassays
or nucleic acid amplification assays in stool samples and stool microscopy.

Antimicrobial agents and supportive care, i.e., fluid and electrolyte imbalance,
are the mainstay of treatment for giardiasis. Treatment should be initiated as soon as
the diagnosis is made, even in asymptomatic patients to preclude further transmis-
sion. Therapeutic agents commonly implemented are tinidazole and nitazoxanide,
as well as metronidazole, albendazole or mebendazole, paromomycin, furazoli-
done, quinacrine, secnidazole, and ornidazole [13, 22, 23]. The only exception to
prompt treatment includes pregnant and lactating women with mild symptoms that
can retain their nutrition and hydration status; in these patients, treatment should be
delayed at least until the second trimester in order to avoid any potential teratogenic
effects of the drugs [24]. If the patient’s condition necessitates treatment during the
first trimester, paromomycin should be first-line, while during second and third tri-
mester, multiple agents may be appropriate, such as paromomycin, tinidazole, met-
ronidazole, or nitazoxanide [24]. In the case of resistance to treatment or relapse,
medical therapy is still warranted [13, 25].

Surgical intervention may be required only under certain circumstances. Data
suggest that G. lamblia may be the accused of causing cholecystitis [11], and thus,
cholecystectomy should be performed. However, the diagnosis in these cases is
mostly incidental during the histopathologic examination of the surgical specimen.
G. lamblia is also one of the causes of nodular lymphoid hyperplasia of the gastro-
intestinal tract [26, 27]. Although treatment eradicates the symptoms caused by
giardiasis in these cases [28], typically neither the number nor the size of the
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nodules seems to regress [29], and due to the risk of malignant transformation, sur-
gical resection may be the only therapeutic option [27, 30]. Even though infection
from G. lamblia is managed medically in the vast majority of cases, the surgical
community should be aware of this protozoal infection as surgical patients may also
be part of the patient pool. Individual cases of giardiasis postoperatively after trans-
plant surgery, Roux-en-Y gastric bypass, or other surgical operations involving
manipulation of the gastrointestinal tract have been published in the literature to
date [31, 32]. Notably, G. lamblia trophozoites have also been found in the fine-
needle aspiration specimens of patients with pancreatic cancer, who apart from pan-
creatic resection may also require antimicrobial treatment [33, 34].

Dientamoeba fragilis

Dientamoeba fragilis is an ameboflagellate that causes infection of the gastrointes-
tinal tract not via invasion, but rather via epithelial irritation [35]. Transmission
occurs through the orofecal route, and Dientamoeba infections have higher preva-
lence in Australia [36], the USA [37], the Netherlands [38], and Oman [39]. Residing
in rural areas and exposure to pets seem to be risk factors for Dientamoeba infec-
tions [40]. Notably, Enterobius vermicularis (the human pinworm) seems to assist
Dientamoeba in terms of its transmission [41].

Although many infected patients remain asymptomatic, the most common
manifestations are diarrhea, abdominal pain, anorexia, nausea, weight loss, and
vomiting [42]. As Dientamoeba localizes in the colon, it can cause colitis; thus it
should be included in the differential diagnosis of eosinophilic colitis [43], while
the definitive diagnosis is made via stool microscopy or polymerase chain reac-
tion (PCR) [44].

Asymptomatic individuals diagnosed with Dientamoeba in their stools do not
require any form of treatment. However, patients with diarrhea or abdominal pain
for more than 7 days diagnosed with Dientamoeba infection should be treated with
either of the following agents: metronidazole, paromomycin, iodoquinol, doxycy-
cline, or tetracycline [45-47]. All of them appear to be efficacious, while paromo-
mycin has the shorter treatment course (7 days) and thus is suggested by some
experts [35].

Data suggest that surgery may be required under particular circumstances in
order to treat Dientamoeba infection or its complications. Indeed, multiple reports
showed that Dientamoeba could lead to appendicitis, and hence, appendectomy is
the mainstay of treatment on this occasion [48].

Trypanosoma cruzi

Trypanosoma cruzi is the cause of Chagas disease a zoonotic disease transmitted by
hematophagous triatomine vectors (a type of reduviid bugs), particularly in North,
Central, and South America; it usually manifests with cardiomyopathy and
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gastrointestinal disease [49]. Other modes of transmission include blood transfu-
sion, organ transplantation, and via contaminated water or food, while Chagas dis-
ease can also be transmitted congenitally [50].

T. cruzi infection can be distinguished in two phases, acute and chronic. Acute
phase begins after 2 weeks of incubation and constitutes a 2- to 3-month period of
nonspecific symptomatology, such as fever, lymphadenopathy, and hepatospleno-
megaly [51]. Some patients develop chagoma (inflammation and swelling) at the
site of inoculation, while inoculation through the conjunctiva manifests as the
Romaifia sign (unilateral swelling of both eyelids) [50]. Severe acute infection is
seen in less than 1% of the patients, and it frequently manifests as pericardial effu-
sion, acute myocarditis, or meningoencephalitis [52]. On the other hand, chronic
disease develops over years or even decades and presents as Chagas cardiomyopa-
thy, megaesophagus, esophageal carcinoma, or megacolon [52].

Anti-trypanosomal agents with proven efficacy include benznidazole and nifur-
timox [49], but they are not adequate to prevent the progression of Chagas digestive
disease [53, 54]. The goal in the management of megaesophagus is to ameliorate the
resting pressure in the lower esophageal sphincter; hence stages I, II, and III are
managed either with surgery (laparoscopic Heller’s myotomy and fundoplication)
or with pneumatic dilation (avoided in stage IV due to high risk of rupture). Stage
IV disease may necessitate esophagectomy if laparoscopic Heller’s myotomy is
inadequate to obtain positive outcomes in terms of symptom improvement [55].
T. cruzi infection increases the risk of esophageal carcinoma, and if this devastating
complication arises, esophagectomy may be required. Megacolon-induced consti-
pation can initially be managed conservatively with high-fiber diet, laxatives, and
fecal disimpactions. Indications for surgical intervention include severe constipa-
tion not amenable to conservative management or complications, such as sigmoid
volvulus and stercoral ulcer; in such occasions, rectosigmoidectomy with retrocecal
interpositioning or with end-to-side low colorectal anastomosis can be per-
formed [56].

Sarcodina (Amebae)
Entamoeba histolytica (Amebiasis)

Entamoeba histolytica is the cause of intestinal or extraintestinal infection in around
50,000,000 patients per annum and the cause of death in approximately 100,000
people worldwide per year [57, 58]. Amebiasis was firstly described by Fedor
Aleksandrovich Losch in 1875 [59]. Four Entamoeba species, namely, E. histolyt-
ica, E. dispar, E. moshkovskii, and E. bangladeshi, are responsible for intestinal
amebiasis [60]. E. dispar, which is not pathogenic, is ten times more common than
E. histolytica, which is pathogenic [57]. Although its occurrence has been described
worldwide, developing countries exhibit higher prevalence rates due to poor socio-
economic conditions, and some of the areas with increased infection rates include,
but are not limited to, India, Mexico, Africa, and Central and South America [61].
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In developed countries, amebiasis is more commonly seen in immigrants, interna-
tional travelers, and expatriates [57]; however, only 0.3% of the total number of
international travelers with diarrheal disease are infected by E. histolytica [62].
Sexually active homosexuals and long-term institutionalized patients are also in
particularly high risk of transmission [63], and the most common routes of trans-
mission are orofecal and human-to-human transmission [57].

Most of the Entamoeba infections are asymptomatic, and E. histolytica is the
most common pathogen (90%), as E. dispar and E. moshkovskii are usually non-
pathogenic. The development of invasive disease is determined by the strain of
E. histolytica, as well as by the age, immune condition, and genetic susceptibility of
the patient [61]. Symptomatic intestinal amebiasis frequently develops over a period
of 1-3 weeks with subacute onset of symptoms, which consist of mild diarrhea to
life-threatening dysentery, abdominal pain, bloody diarrhea, or even the complica-
tions of amebiasis, such as amebic colitis, toxic megacolon (fulminant colitis), per-
foration of the gastrointestinal tract, intraabdominal abscess, amebic appendicitis,
amebic granuloma, amebic stricture, and perianal amebiasis [57, 64]. In rare occa-
sions, intestinal amebiasis can mimic inflammatory bowel disease (IBD) by causing
a syndrome of chronic diarrheal disease, weight loss, and abdominal pain with no
dysentery. Differential diagnosis should include bacteria diarrheal disease from
Escherichia coli, Shigella, Salmonella, Campylobacter, Clostridium difficile, or
Vibrio species and IBD or ischemic bowel disease. Diagnosis is made via stool
microscopy, colonoscopy with histological examination of the specimen, antigen
detection, serology, or molecular identification.

In terms of treatment, E. histolytica infections should always be treated, even
in asymptomatic patients, while there is no need for treating E. dispar [61]. There
is no unanimous recommendation for treating E. moshkovskii, but treating symp-
tomatic patients may be sound. A 7- to 10-day metronidazole (or tinidazole or
nitazoxanide) course is the mainstay of treatment for invasive colitis followed by
a luminal agent (paromomycin) for the elimination of intraluminal cysts [65]. In
the case of bacterial superinfection or even amebic colitis, broad-spectrum anti-
biotics should be administered [66]. Broad-spectrum antibiotic therapy should
also be initiated in patients with known or suspected peritonitis, bowel perfora-
tion, or intraabdominal abscesses, while most patients require surgical interven-
tion as soon as possible [67]. For localized disease, partial colectomy with
colostomy is advised over primary anastomosis, while extensive disease usually
requires total colectomy. Amebic appendicitis is a rare complication that requires
prompt management and taking the patient to the operating room for an
appendectomy.

Extraintestinal amebiasis entails amebic liver abscess, as well as the involvement
of other organs such as the heart, lungs, and brain [68]. Amebic liver abscess is usu-
ally seen in adult males between 40 and 50 years old [69—71] and is attributed to the
ascending flow of amebae through the portal venous system [72]. It may take
between 8 and 20 weeks to become symptomatic, and the most common clinical
manifestations include 1-2 weeks of right upper quadrant abdominal pain along
with high fever, sweating, cough, weight loss, and anorexia, while ultrasonography,
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computed tomography scan, and magnetic resonance imaging are useful in guiding
toward the diagnosis [57]. Most of these patients develop antibodies that can be
detected via serologic testing, but the test may be negative in the first 7 days [73,
74]. Pyogenic liver abscess, echinococcal disease, and malignancy should be
included in the differential diagnosis.

Treatment of amebic liver abscess consists similarly of a tissue agent (i.e.,
metronidazole, tinidazole) followed by a luminal agent, while the role of abscess
drainage is when antibiotic therapy is inadequate [57]. Evidence suggests that
there is no benefit with drainage following medical therapy in uncomplicated liver
abscesses [75]. Clinicians should entertain the idea of abscess aspiration in the
following occasions: size >10 cm in diameter, abscess in the left lobe (to prevent
rupture into the pericardium), or abscess close to the serosal surface [57]. Another
criterion that should be used for determining the appropriateness of drainage is if
the patient is on medical therapy for 72 hours and, instead of improving, he or she
is experiencing worsening pain [76]. Last but not least, there is no doubt that
abscess rupture or peritonitis requires an immediate trip to the operating room.
Figure 3.2 depicts a proposed algorithm regarding the management of amebic
liver abscess [57].

Sporozoa
Cryptosporidium parvum (Cryptosporidiosis)

Cryptosporidium infection is linked to emerging diarrheal disease and biliary
tract disease [77], while initial reports were published in 1975 [78].
Cryptosporidium parvum is the primary human pathogen and is separated into
two distinct species, namely, C. hominis and C. parvum [79]. C. hominis is pre-
dominantly associated with infections in children attending day-care facilities
and international travelers, while C. parvum infection arises more commonly in
humans in close quarters with farm animals [80]. Transmission usually occurs
through feces containing Cryptosporidium oocysts that have contaminated
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drinking or swimming water, food, or residential surfaces, while human-to-
human transmission is also possible [81, 82]. Its prevalence is higher in develop-
ing nations, but it poses a significant pathogen for both children and the elderly
in developed countries [78].

Clinical manifestations depend on a great extent on the immunologic status of
the patient. Indeed, immunocompromised individuals may suffer from a life-
threatening disease course, while symptoms usually resolve within 7—14 days with-
out treatment in immunocompetent patients [78]; however, asymptomatic patients
may sometimes fall in either category [83, 84]. The most typical clinical presenta-
tion is secretory diarrhea after a 1-week incubation period accompanied by anorexia,
abdominal pain, and fever. Significant volume depletion is associated with worse
outcomes and increased mortality rates in the elderly [85]. Long-term effects of
C. parvum infection have been studied even 1 year after the resolution of acute
infection including diarrhea, abdominal, eye or joint pain, weight loss, and symp-
toms consistent with IBS [86]. Even though symptoms can help guide toward the
diagnosis, it is usually established via stool microscopy (acid-fast staining), PCR, or
enzyme immunoassays.

As cryptosporidiosis can lead to significant fluid loss, the most reasonable
approach is to initiate treatment with an anti-diarrheal agent and in case of severe
dehydration to start parenteral nutrition [87]. Aggressive nutritional support helps
restore cellular immunity, while HIV/AIDS patients are benefited from early initia-
tion of antiretroviral treatment [78]. Currently, nitazoxanide is the only Food and
Drugs Administration approved therapy against cryptosporidiosis, and data from
trials suggest that it can shorten disease duration and decrease parasite load [88—90].
If nitazoxanide is not well-tolerated or not available, paromomycin can be used as
an alternative agent [91].

Under certain circumstances, surgery may be the next appropriate step in
patients diagnosed with cryptosporidiosis. In particular, immunodeficient patients
can present with biliary tract disease, such as acalculous cholecystitis, sclerosing
cholangitis, and pancreatitis [92-94]. Patients with cryptosporidial acalculous
cholecystitis will benefit from cholecystectomy, while endoscopic retrograde
cholangiopancreatography (ERCP) with or without stent placement may be
needed in case of sclerosing cholangitis. There is evidence suggesting that
Cryptosporidium infection can mimic pancreatic cancer due to the invasion of the
pancreatic ducts by the parasites, and according to a report, there has been a
patient submitted to gastroduodenopancreatectomy for this reason [95]. Another
report of a child treated at Memorial Sloan Kettering Cancer Center for acute
myeloblastic leukemia and chronic functional constipation highlights the role of
surgery in cryptosporidiosis [96]. This girl’s condition was complicated by toxic
megacolon and recurrent infection with Cryptosporidium, and thus the decision to
proceed with a fully diverting, double-barreled ileostomy along with mucous fis-
tula was inevitable. On the whole, the cryptosporidial infection can take place
either in the gastrointestinal or in the pancreato-biliary tract; as a result, there is
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great necessity to include it in the differential diagnosis of patients with diarrheal
disease, to intervene promptly and take the patient to the operating room in case
complications arise.

Cyclospora cayetanensis

Cyclospora cayetanensis is a coccidian food- and water-borne protozoon accused of
causing diarrheal disease [97]. Its prevalence has been reported all over the world
including Southeastern Asia, Central America, the USA, and Africa [98], while it is
particularly prevalent among travelers and individuals diagnosed with HIV/AIDS
[97, 99].

Many infected people do not exhibit any symptoms, while those who often do
present with abdominal pain, watery diarrhea, anorexia, flatulence, fever, anorexia,
nausea, and weight loss after a 1-week incubation period [97, 100-102]. Acalculous
cholecystitis is another clinical manifestation attributed to Cyclospora infection
[103]. Diagnosis is made via stool microscopy or PCR, while there no serologic test
available to date [104].

A 7- to 10-day course of trimethoprim-sulfamethoxazole (TMP-SMX) is the
gold standard of treatment for cyclosporiasis [105, 106]. Nitazoxanide is a decent
alternative for patients with sulfa allergy [107], while ciprofloxacin can be used if
TMP-SMX is not well-tolerated [108]. However, in the case of acalculous cholecys-
titis, surgeons need to act in a timely fashion and perform cholecystectomy [100].

Ciliophora (Ciliates)
Balantidium coli

Balantidiasis is caused by Balantidium coli, which is the largest protozoon and the
sole ciliate afflicting humans [109, 110]. Transmission happens through the orofe-
cal route, while balantidiasis is prevalent among countries in Southeast Asia, South
America, and Western Pacific islands [35].

The three types of disease consist of asymptomatic excretion of cysts, acute colitis,
and chronic balantidiasis [111, 112]. The spectrum of acute symptomatology includes
watery or dysenteric diarrheal disease, nausea, anorexia, weight loss, vomiting, and
abdominal pain [112]. Extraintestinal disease with involvement of the liver, lung, or
appendix can also take place [35, 113]. Stool microscopy or histopathologic examina-
tion of endoscopic biopsy specimens can lead to the diagnosis [114].

Therapeutic agents include tetracycline, doxycycline, metronidazole, or iodo-
quinol [35]. However, surgical intervention may be required in case of appendiceal
involvement (appendectomy) or fulminant dysentery complicated by bowel perfora-
tion and peritonitis.
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Conclusion

Gastrointestinal infections constitute a significant health issue worldwide not only
in developing but also in developed countries, and protozoa pose a significant
human pathogen responsible for the enormous burden of disease. Despite the
increased susceptibility of immunocompromised individuals, immunocompetent
people can also be afflicted by pathogenic intestinal protozoa. In the vast majority
of cases, patients present with diarrheal disease along with other symptoms of the
gastrointestinal tract that can be managed with medical therapy. Sometimes disease
progression may lead to devastating complications that can only be alleviated via
surgical intervention. Consequently, both physicians and surgeons should be aware
of the broad spectrum of symptomatology that protozoa can lead to in order to inter-
vene promptly and obtain optimal outcomes with minimal morbidity for the patient.
Undoubtedly, future research should focus on ways to belittle the burden of disease
via prevention of disease transmission, improvement in the sanitary conditions, and
development of more efficient and specific antiprotozoal agents.
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Surgical Treatment of Intestinal 4
Cestodes

Samer Deeba

Introduction

Cestodes are parasites belonging to the genus Helminthes that infect the gastrointes-
tinal tract of humans as the end-stage adult, or tapeworm, and have complex life
cycles, involving one or more intermediate hosts with the larvae form better known
as metacestodes. The tapeworm body has a head or scolex carrying the fixation
hooks to cling onto the intestinal luminal mucosa, a neck, and several segments
called proglottids carrying the reproductive organs or strobili. The attachment
mechanism can be hooks on the scolex, suckers, or a combination of the former with
bothria depending on the species. The proglottids appear from the neck and mature
as they go distally with both male and female reproductive organs. Hence at the
distal end of the tapeworm are the proglottids that have matured shedding eggs from
the strobili and pass in the feces to the definitive host. The anatomical shape of the
eggs, proglottids, and scolex in the tapeworm is usually sufficient to identify the
genus and species in most cases. After the intermediate host ingests the above eggs,
larvae are released and immediately invade the host tissues forming larval stages,
called cysticerci, cysticercoids, and plerocercoids depending on the species at hand.
Then when the final host, usually, humans, ingests the infected tissue of the interme-
diate host, the larva is released in the intestine of humans and grows to form the
adult tapeworms.

Transmission varies among species. Eggs are usually ingested from poorly
washed food, soil, or water contaminated with feces from the intermediate hosts.
Larvae are ingested from raw or poorly cooked meat from the intermediate host
animals with infective larval stage [1]. This chapter will tackle the five species of
adult worms that infect the human gut and the medical treatment briefly with
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emphasis on the surgical presentation and management of these worms in the emer-
gency setting, as surgery is usually needed only in the acute setting after a late
complication of the above infection which went unnoticed and was not treated med-
ically to begin with.

Taenia solium Taeniasis

The T. solium tapeworm is one of the long and large tapeworms to infect the human
gut in its adult form reaching up to 4 m in length. The scolex is equipped with a
four-sucker apparatus and two rows of hooks that cling to the intestinal mucosa. The
mature gravid proglottids at the distal end produce eggs around 30 um in diameter
that are shed with feces and then ingested by pigs in farms. The eggs deploy the
oncosphere that invades the mucosal lining and travel hematogenously to distant
organs like the muscle and central nervous system, where the cysticercus forms
within the end tissues and remains dormant. The humans then ingest poorly cooked
meat from the intermediate host, and the cysticerci will release the scolex to form a
new tapeworm that grows into adult form to complete the life cycle. T. solium infec-
tion in humans is very common in the farmlands of the Americas, Africa, and Asia
and less commonly in Europe and North America where it is usually found in immi-
grants from the former continents [2]. As the above cycle depicts, it is only logical
to see that there is close association between the prevalence of free roaming pigs
cysticercosis which are the intermediate hosts and countries with increased inci-
dence of taeniasis in humans like studies have shown [3]. These infections some-
times go unnoticed until the passage of worms or parts of worms in feces. The
diagnosis after the presentation is usually done with fecal examination. The exami-
nation includes simple microscopy and more complex molecular and serologic test-
ing to differentiate between species of the genus and might progress for the new
PCR methods [4, 5].

The primary line of treatment is praziquantel or niclosamide and is highly effec-
tive. Niclosamide has less side effects especially less headaches and seizure activity
with patients that present with neurocysticercosis and hence is preferred when avail-
able. However, for patients with no neural system, involvement studies have shown
the above use of praziquantel is safe and efficacious [6].

Taenia saginata/Asiatica

This tapeworm can reach up to 10 m in length with a scolex having four suckers but
no hook rows unlike the 7. solium. The proglottids are motile and disperse eggs
away from human feces and hence are ingested by cattle off grass not feces as cattle
are not known as coprophagic. After ingestion by bovine, the oncospheres are
released into the mucosa and in turn invade mucosae of bovine and hematogenously
spread to striated muscle commonly. The human ingestion of these infected muscles
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of bovine species ends their life cycle as the humans are the definitive hosts and the
cysticerci grow to the adult worm in the human gut [7].

Taenia asiatica is very similar anatomically to 7. saginata, but the intermediate
host is pig and not cattle, and its intermediate larval stage is spent in the muscle and
liver of the former [8].

The treatment of the above when symptomatic is usually single and rarely
multiple-dose praziquantel or niclosamide according to disease burden [9].

Hymenolepis nana

It has a short life span of average 4—6 weeks and is the shortest human tapeworm
measuring up to 4 cm long. The adult tapeworm produces eggs that are highly con-
tagious which n turn facilitates the easy spread in one household bt the fecal oral
route. After ingestion the eggs release the oncosphere that infects the intestinal
mucosa and form a metacestode called cysticercoid, and after incubation for
2-3 weeks, a new tapeworm emerges completing the cycle. It is the only tapeworm
that can auto-infect the same host as the adult can shed eggs internally that in turn
will invade the same individual host tissues before reaching outside.

H. nana is the most common tapeworm infection in human and can reach up to
30% in poor countries in Africa [10]. Humans with low socioeconomic status and
live in crowded conditions, without access to proper sanitation, clean food, and
treated water supply are at a high risk. The presenting symptoms are usually diar-
rhea, abdominal cramps, headache, and malaise in children, and we usually find
anemia, loss of appetite, malnutrition, and weight loss in infected patients [11, 12].

Medical treatment is single-dose praziquantel at 25 mg/kg and is effective in
over 95%, alternatively nitazoxanide for 3 days or niclosamide for 7 days can be
administered with similar effective results [13].

Diphyllobothrium Species

Better known as broad or fish tapeworms and is the largest and can reach up to 25 m
in length and is very diverse with up to 14 different species identified. The scolex
has two bilateral grooves that attach to human intestinal mucosa, and the proglottids
release their eggs that pass in human feces. The eggs need 3 weeks in the fresh water
to form oncospheres. Oncospheres are ingested by freshwater crustaceans and form
procercoid larvae [14]. The crustaceans are ingested by small freshwater fish where
the procercoid larva migrates to deep muscle tissue and forms plerocercoid larva
there. Predator fish like trout and pike eat the smaller fish, and once again the plero-
cercoid larva migrates to muscle tissue. The infection into humans is reintroduced
when we ingest the larger fish meat that is raw or undercooked. The larva is released
in the human gut and reached its adult tapeworm phase to complete the cycle. The
wide acceptance of fresh raw fish cuisine-like sushi and ceviche and nigiri has
helped in the growing incidence of fish tapeworm infections. The infection is
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prevalent in areas where the above dishes are common like Northern Europe, Japan,
China, Russia, and more recently in Middle East and South America such as Brazil
and Peru and in Italy due to increased prevalence in freshwater lakes pike fish
[15, 16].

Human infection is usually mild, and one out of five exhibits symptoms that
present to medical personnel like abdominal pain, diarrhea, and pernicious anemia
due to uptake of vitamin B12 by the worm. Visible parts and segments are seen in
stool and lead to the diagnosis by morphologic examination along with observation
of eggs and segments. Treatment is single-dose praziquantel or niclosamide.

Surgical Treatment

As we can see, the majority of these parasitic infections can be treated as they
become symptomatic with a simple antiparasitic agent that is usually a one-off
single-dose treatment. However, due to the lack of resources in underserviced areas
or maybe due to patient neglect, these infections might be left unattended by medi-
cal personnel and might progress and present as a late presentation which is usually
a complication of these parasites growing unhindered. These presentations are
intestinal obstruction, intestinal perforation and fistulization, intestinal bleeding,
and appendicitis. Intestinal obstruction occurs from the formation of parasitic balls
or bezoars in the intestinal lumen as they grow and cluster together hindering motil-
ity in the gut and compromising intestinal lumen especially in the small intestine.
Intestinal perforation occurs when the area of the lumen where the tapeworm has
attached becomes too friable from the inflammatory reaction that pursues or from
local ischemia due to the sucking effect of the tapeworm which causes the intestinal
integrity to become compromised and hence perforate into the free abdomen or, on
the other hand, perforate into an adjoining viscus or organ such as urinary bladder
causing an internal fistula. Intestinal bleeding has the same etiology of the later, but
the inflammatory reaction erodes into an intramural vessel resulting into a luminal
bleed. All the above presentations are surgical emergencies rare in occurrence and
require urgent surgical input. Appendicitis would occur if the tapeworm aggregate
blocked the appendicular lumen and hence same pathogenesis of an appendicolith,
but the inciting factor is a bezoar of tapeworms. These tapeworms might also com-
plicate surgical operations causing leaks in anastomosis or appendicular stump
blowouts.

Intestinal Obstruction

The pathogenesis of the obstruction is the compromise of the intestinal lumen and
motility by a ball of interlocking tapeworms that become big enough to block the
lumen, and the intestine will not be able to propagate that ball further especially
if that ball gets stuck in tight areas of the terminal ileum and the ileocecal valve
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Fig. 4.1 Tapeworm bezoar
causing luminal
obstruction [17]

(Fig. 4.1). The presentation is typical of any small bowel obstruction with obstipa-
tion of several days with abdominal pain and cramps, distention, nausea, vomit-
ing, malnutrition, and dehydration. The presentation is usually acute in the
emergency department setting, and diagnostic imaging is typically a CT scan
showing findings of intestinal obstruction, and rarely it is diagnosed on the scan
as a cause, but previous symptoms should alert the attending physician to the
cause of the obstruction, like history of tapeworm infections or passage of seg-
ments of the worms or full worms in stools that were not treated for a long time
[17, 18].

The CT scan findings are typical of small bowel obstruction with dilated
bowel loops and fecal sign in the bowel lumen proximal to the obstruction and
bowel deflation distal to the obstruction. The tapeworm mass is radiolucent, so it
will not appear in the scan but might be read as a bezoar or fecaloma by the
radiologist.

Usually patients will not settle with conservative treatment of intravenous hydra-
tion and nasogastric tube decompression as the obstruction is a mechanical oblitera-
tion of the lumen by the tapeworm ball and will require a laparotomy to deal with it.
The diagnosis is seldom done until laparotomy where the surgeon will realize that
there is a bezoar causing the obstruction and will identify the cause as tapeworms at
the time of enterotomy to retrieve the bezoar or after enterectomy of the affected
segment and then inspection of the surgical field.

An enterotomy and retrieval of the tapeworm bezoar are a feasible option if the
intestine is deemed healthy and viable not affected by the ongoing process and then
the enterotomy is closed by a two layer absorbable suture technique as shown in
Fig. 4.1

However if the intestine is deemed nonviable, an enterectomy is warranted, and
bowel continuity is achieved by an enteroenterostomy. Postoperative treatment by
praziquantel is mandatory to eradicate the remaining tapeworm infestation.



70 S. Deeba

Intestinal Perforation

The pathophysiology of perforation is very close to that of obstruction where the
area with the tapeworm is adherent and suffers from an inflammatory reaction due
to the suction effect of the scolex apparatus and at the same time due to diminished
blood supply to the intestinal wall in that area attributed to the effect of the scolex
suction. This with time can lead to tissue loss, and then when the inflammation
erodes into the luminal wall, it causes a free perforation into the abdominal cavity.

The presentation is typically like any viscus perforation presentation. Patients
present with severe abdominal pain are not resolving on pain medication and nau-
sea, vomiting, and malnutrition. The presentation is typically an acute one to the
emergency department. On exam the patients will be tender all over the abdominal
quadrants with fever and leukocytosis. A CT scan will show air in the abdomen with
the perforation site and abdominal-free fluid. This is an urgent presentation, and no
time should be lost in taking the patient for an urgent laparotomy.

On laparotomy the bowel is run, and the perforation site is identified. The cause
of the perforation is seldom found before the laparotomy and is diagnosed as tape-
worm usually intraoperatively where the ball of tapeworms causing the perforation
is palpated and delivered out of the intestine from the perforation site. The perfora-
tion is seldom sutured primarily as that area is usually inflamed and friable, so
wedge resection enterectomy is performed with a stapled or hand sewn anastomosis
to achieve bowel continuity. The site of the perforation is usually terminal ileum
where the lumen of the bowel narrows down and rarely do we find it to be colonic
as the lumen increases in the colon [19, 20].

On the other hand, this can be tackled laparoscopically also by experienced lapa-
roscopic surgeon that will explore the abdomen laparoscopically and run the bowel
identifying the perforation site that can be then withdrawn extracorporeal through a
minilaparotomy and the repair or enterectomy done outside. This approach can help
in shortening the recovery and hospital stay as all laparoscopic procedures do but
should be performed by experienced surgeons as shown in Figs. 4.2 and 4.3.

Fig. 4.2 Perforation from
terminal ileum due to
tapeworm infestation [19]
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Fig. 4.3 Perforation and
tapeworm extruding out
from terminal ileum [19]

Intestinal Bleeding

This is another rare presentation to the emergency department, the pathophysiology
of which is the same as above, basically an overwhelming inflammatory reaction
due to the presence of the scolex adherent to bowel wall where this reaction erodes
into a perforating arteriole that bleed freely into the lumen. The presentation is that
of anemia and malaise with passage of melena stools, with a drop of hemoglobin to
below 7 g/dl. The workup is usually futile in the classical means of OGD and colo-
noscopy that will show no pathology as the site is usually in the jejunal or ileal seg-
ments. Push enteroscopy can reveal the site of the bleed if the area in question is
distal ileum. However the above along with CT angiography of the intestine rarely
shows the site as the bleed is not sufficient enough to light up of angiography scan-
ning. On the other hand, a more invasive SMA arteriography can show the site if
bleeding is excessive enough. The best means of diagnosis are a capsule endoscopy
that can reveal the presence of the tapeworms and the site of presence of excess
intraluminal blood clots [21]. The usual treatment is medical when diagnosis is
made with anti-helminthic medication with blood resuscitation and the bleed usu-
ally settles with that. However it is very rare that the bleed is causing hemodynamic
instability; hence it needs intervention to control it. The less invasive method is
through an interventional radiology technique where the SMA angiography reveals
the site of active bleeding and then the corresponding terminal branches of the ileal
arcade are embolized [22, 23].

If the above intervention does not settle and control the bleeding site and the
patient becomes hemodynamically unstable or is requiring daily blood transfu-
sion to keep the hemoglobin above 8 g/dl, then surgical exploration is warranted.
The patient can be taken for an exploratory laparotomy and the bowel run where
the bleeding site is identified with the presence of clots in the lumen that are
evacuated through an enterotomy and that segment excised as in the above presen-
tation. The tapeworm is usually identified and removed for the lumen by pulling
it out. As in the previous presentation, the control of the bleed can be done
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laparoscopically, and the bleeding bowel segment can be extruded to the outside
by a minilaparotomy and the tapeworm removed and enterectomy done. Sometimes
the bleeding site is one small area, and simple suturing to control it can be done
through an enterotomy that can be closed later in two-layer technique. Seldom is
the need for surgery as the above medical treatment or interventional approach
usually suffice for control.

Helminthal Appendicitis

The above presentation is very rare and presents as a typical appendicitis to the
emergency department. The pathophysiology of the disease is tapeworm infestation
of the appendicular lumen and hence blocking of the flow through the lumen and
obstruction of the appendix with a “tapeworm appendicolith.” This leads to the cas-
cade of events like a typical appendicitis progression. The patient presents with
vague abdominal pain that localizes over a few hours to the right lower quadrant,
with nausea and vomiting and loss of appetite. The radiologic conformation of
appendicitis can be with CT scan showing marked dilation of the appendix more
than 1 cm in diameter with all the inflammatory changes and the fat stranding that
usually accompany appendicitis.

This is a surgical condition and necessitates an urgent appendectomy. This can
be done through a McBurney open approach where the abdomen is entered in a
muscle-splitting technique and the appendix and mesoappendix mobilized, freed,
ligated, and cut. It is at that point that a tapeworm might spill into the field giving
the surgeon the suspicion that this tapeworm is the cause of the appendicitis, but this
is rarely seen. The above tapeworm will be seen on histopathologic examination of
the specimen and hence the diagnosis [24, 25]. The appendectomy can be done
laparoscopically with the same findings. A pneumoperitoneum is achieved through
the umbilicus and two ports inserted in the lower quadrants; these are used to mobi-
lize the appendix and mesoappendix and the base tied or stapled off, with the speci-
men retrieved in a retrieval bag. The laparoscopic approach carries lot less morbidity,
and patients recover quicker as per all laparoscopic approach operations [26] as
shown in Figs. 4.4 and 4.5.

Tapeworm infestation can also lead to Meckel’s diverticulitis as has been
expressed in a few case reports in the literature. The presentation is typical of a
Meckel’s diverticulitis with abdominal pain, fever, nausea, and vomiting.
Preoperative workup reveals leukocytosis, and CT scan is suggestive of a Meckel’s
diverticulitis with surrounding fat stranding and sentinel loops. The treatment is
usually a laparoscopic or open approach Meckel’s diverticulectomy with a stapling
device or a wedge resection of the small bowel if the base of the diverticulum is
more than 2 cm in length. It is at the time of transection of the diverticulum when
the surgeon realizes the infestation with tapeworms and diagnosies the cause.
Postoperative treatment is mandatory with anti-helminthic medication to eradicate
the infestation [27].
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Fig. 4.4 Capsule
endoscopy showing head
of tapeworm [21]

Fig.4.5 Capsule
endoscopy showing body
of tapeworm [21]

Tapeworm Complications

Intestinal taeniasis can also complicate surgical procedures especially when these
procedures have suture or staple lines in the bowel. The tapeworms can migrate
through a suture line or a staple line and perforate through it to cause a bowel con-
tent leak into the abdominal cavity necessitating urgent intervention by the surgeon.
There have been reports in the literature for appendicular stump blowouts after
appendectomy due to perforation by 7. saginata, and patients represent a few days
post appendectomy be it open or laparoscopic with a right iliac fossa abscess.
Management of these is by percutaneous drainage, and usually the tapeworm finds
its way out of the wound and is retrieved bedside. Medical treatment with anti-
helminthic medication is warranted to eradicate other worms in the intestines. With
this conservative management, the majority of these cases settle the abscess and
heal the leak or fistula [28].
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Other citations in the literature do report on leaks from bowel anastomosis
post a colectomy. The leaks happened in the immediate postoperative period and
not delayed and were dealt with within the same admission of the colectomy. A
patient was complicated with a free leak into the abdominal cavity after a right
hemicolectomy and leaked from the ileo-transverse anastomosis on the third-day
post-op. Because of frank peritonitis and frank leak from the drain site, she was
directly taken to exploration, and the cause of the leak was a 7. saginata tape-
worm perforating the anastomosis, the abdomen was washed, the anastomosis
taken down, and an end ileostomy fashioned due to fecal soiling of the abdomi-
nal cavity [29]. Other leaks have been also reported post esophagectomy from
the esophageal anastomosis and were treated conservatively with drainage and
support [30].

These leaks and blowouts from the perforation from a cestode seldom require
urgent laparotomy unless the leak is free into the abdominal cavity causing fecal
peritonitis; otherwise they can be managed conservatively when they resent late
causing a walled-off abscess. The abscess can be percutaneously drained, and
the physician can be alerted to the cause from the passage of the worms from the
draining catheter site or per anus from history of the patient. Treatment with
anti-helminthic medication is sufficient to treat the cause, and these abscesses
and fistulization usually settle conservatively as shown in Fig. 4.6.

Fig. 4.6 Tapeworm
withdrawn post
appendectomy from
appendectomy wound [28]
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Summary

Surgical presentations from tapeworm infestation are rare presentations and seldom
seen in the emergency setting. The diagnosis is usually delayed and upon surgical
exploration when the surgeon usually sees the tapeworms in the surgical field. The
treatment of these is usually the treatment of the complication arising from the
unnoticed presence of the infestation, as per the basic surgical treatment principles.
Medical therapy with anti-helminthic medication is the gold standard if these infes-
tations are diagnosed before presentation as a surgical emergency. Prophylaxis is
also mainstay, and avoiding uncooked meat of the intermediate host is of utmost
importance especially in areas that are endemic.
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The Role of Surgery in Treating Parasitic
Diseases of the Gastrointestinal Tract
from Nematodes

Amanda Hamilton, Ashley Jenkin, Andrew Phillip Maurice,
and Yik-Hong Ho

Introduction

Human parasitic nematode infection constitutes a major public health concern. This
is particularly true in developing countries where lack of recognition and treatment
can lead to various and occasionally serious life-threatening complications [1, 2].
The human enteric nematodes, also called roundworms, are tubular in structure and
include Ascaris lumbricoides, the hookworms Ancylostoma duodenale and Necator
americanus, Strongyloides stercoralis and Trichuris trichiura, also known as whip-
worm, and Enterobius vermicularis also called pinworm or threadworm [3].
Infection into the human host occurs by transmission of the worm eggs or larvae
from which they begin their cycle of development. Transmission occurs by inges-
tion, penetration through the skin or rarely by inhalation and is specific for human
host such that there is no animal reservoir. The larvae of some species can remain
dormant in soil but potentially infectious for long periods of time. The key to long-
term strategic control of enteric nematodes is interruption to transmission [1, 4].
There are major health initiatives currently in place to help educate endemic areas
in prevention of enteric parasitic infection by way of hygiene, use of shoes, con-
struction of sanitation and effective sewage systems, sterilisation of human excreta
designed for use as fertiliser in some regions and regular community-based anti-
helminth treatment [1].
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Taxonomy + Morphology

Nematodes belong to the kingdom Animalia, subkingdom Aschelmintha and phy-
lum Nematoda. [5, 6] Nematodes are a very diverse species. There are estimated to
be over 20,000 species, over 300 of which infect humans. There are six major
nematode species that infect the human gastrointestinal tract. These species have
evolved in morphology, physiology and reproductive structures, and have been
found to invade more habitats than any other multicellular organism. They are
divided into two major classes and several subclasses based on a defined set of
characteristics. The first class is Rhabditea which is composed of mainly parasitic
but also some free-living nematodes. Rhabditea gives rise to the hookworm, pin-
worm, Ascaris lumbricoides and Strongyloides stercoralis. The second class is
Enoplea which give rise to the Trichuris species that come from the parasitic
superfamily Dorylaimines which are found to have a buccal cavity with a toothlike
spear for feeding activity.

Nematodes are eukaryote, multicellular organisms that are generally cylindrical,
thin and elongated in structure [3, 6]. The majority of enteric nematodes are non-
segmented and tapered at either end. For the most part, nematodes have a body plan
which consists of a tube within a tube. The inner tube is a complete, basic alimen-
tary tract. The inner tube and gonads are surrounded by another tube which is the
outer, protective layer for the worm, i.e. the body wall. The body wall has a dorsal
and ventral longitudinal muscle layer, an epidermis and a cuticle. The organism also
consists of a developed nervous system that controls muscle function and allows
chemosensation for movement. The outer cavity is fluid-filled which creates a pres-
sure system within the worm for writhing movements. Most of the nematode worms
are microscopic. An important exception is the female Ascaris lumbricoides which
is approximately 30 cm long by 2-6 mm diameter. Within a species, the female
tends to be generally larger in size than the male. To illustrate this, the adult Trichuris
worm is slender anteriorly, shaped as a whip, and males are shorter with a coiled
posterior.

The parasites body wall is made up of an outer cuticle which is non-cellular, a
thin cellular hypodermis and a single layer of smooth muscle [3, 4, 6]. The outer
cuticle in some nematodes has longitudinal ridges called alae, and some of the male
species have a flap-like extension on the posterior end of the cuticle used to grasp
the female nematode during copulation [6].

Specifically, the Rhabditida have chemically impermeable cuticles and a modi-
fied pharynx which has allowed them to develop more compact bodies likely from
evolutionary pressures [6]. The Rhabditia subclass is characterised by their well-
developed posterior sensory structures called phasmids which may function in mod-
ulation of chemorepulsion but have poorly developed amphids (olfactory sensation).
The Enoplea class (i.e. Trichiura) have an amphid resembling a pocket. The
Enopleans have a smoother appearance, possess a simple excretory system and lack
phasmids. The Trichiura spp. are found primarily in the tropics, are pinkish-white
in colour and have a narrow anterior oesophageal end with a thicker posterior
end [3].
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Life Cycle

There are six major stages to the parasitic nematode life cycle [4]. Of the six stages,
there are four larval forms that occur followed by a pre-adult phase. Each larval
stage is preceded by a moulting of the outer cuticle and is essential for development
and growth of the organism. The first larval stage develops while in the egg, called
L1 or rhabditiform larvae which are not infectious, but are able to feed. L2 is also
referred to as rhabditiform, but, thereafter, the third and remaining stages are called
the filariform larvae. The filariform larvae are infectious and unable to feed during
this stage. Once transmitted into the human host, the worm is able to further develop,
exiting the larval stage to become young adult worms. The young worm undergoes
maturation to become an adult from which the female subsequently commences egg
production. There are differences between stages for the different nematode species.
Of note, the Trichuris spp. which comes from the Enoplea class, are infectious at L1
larval stage.

These nematode species are highly specific for the human host and rely on
humans to complete their life cycle [5]. There are however some reports of animals
becoming infected by the human enteric nematodes. For Ascaris, Enterobius and
Trichuris, the eggs are transmitted by ingestion into the gastrointestinal tract, while
for Necator, Ancylostoma, Strongyloides and Trichinella, the eggs embryonate in
the soil and are ingested as larvae [1, 3]. Aside from Enterobius all the human nema-
tode species require soil during their life cycle for development to become infec-
tious. In endemic regions, A. lumbricoides and T. trichiura are often transmitted
easily due to the larvae remaining infectious in dust and soil, and populations in
endemic regions tend to walk around barefoot.

For Ascaris lumbricoides, the egg hatches in the small intestine predominantly
the jejunum, and the larvae penetrate the blood vessels to be transported first to the
liver and then the lungs where they move into the bronchial tree before being re-
ingested [3, 6]. Eventually the parasite matures into an adult over 2 months.
Migrating larvae can cause pneumonitis and eosinophilia associated with allergic
reaction.

Similarly, A. duodenale can also be transmitted via ingestion. However, the
hookworm is generally known for its penetration through the skin as a person walks
on it. The hookworm often provokes a localised erythematous reaction at the skin
known as ‘ground itch’ secondary to eosinophilic infiltration inducing high levels of
IgE when the larvae penetrate the skin [3]. Once inside the human tissue, the inva-
sive larvae migrate into the bloodstream to visit the lungs before ascending via the
bronchial tree to be ingested and finally make their way into the gastrointestinal
tract for maturation and reproduction.

Infective larvae of Strongyloides stercoralis are similar to hookworm in life cycle
in that they move from contaminated soil by penetration of the skin and may cause
localised pruritic reaction, with ‘ground itch’ at the entry point by induction of IgE
and eosinophilia [3, 6]. The larvae are carried in the bloodstream to the lungs and
ascend the bronchial tree before being ingested to enter the gastrointestinal tract,
again causing potential pneumonitis. Once into the small intestine, the larvae attach
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to the mucosal layer and mature into adult worms. The adult produces embryonated
eggs which are shed and excreted into faeces; however, unlike other roundworms,
some can hatch into larvae while in the intestine or perianal skin. Thus, the larvae
can penetrate the perianal skin to directly re-enter the intestinal lumen within
30 days resulting in auto-reinfection which can lead to lifelong infections within the
same human host.

Unlike the other roundworms which require migration through the tissues, when
the eggs Trichuris are ingested by the human host, they hatch into larvae in the jeju-
num. The larvae mature into adults which migrate to the large intestine primarily to
the caecum for reproduction. The adult Trichuris excretes eggs into the immediate
environment, i.e. the faeces. These eggs can survive for several years in soil.

Similar to Trichuris, Enterobius vermicularis has a more simplistic life cycle
which does not require migration through tissues. The Enterobius vermicularis eggs
are ingested where they hatch into larvae in the small intestine, most commonly in
the jejunum. Within a few weeks, the larvae have developed into mature worms
which then make their way into the colon, particularly favouring the caecum. Most
adult female worms migrate to the perianal area where they lay their eggs which
contaminates the perianal skin, along with clothes, bed linen and fingernails.

Taken together, the life cycle of the six common human enteric nematodes is
slightly different [3, 6]. The adult worm lives primarily in the human intestine and
produces many eggs per day which are excreted into the local environment via the
faeces [1, 3, 6]. For example, the female Ascaris lumbricoides can produce up to
240,000 eggs per day and survive in the intestine for approximately 1 year. The
exception to this is Strongyloides which can also survive as an adult in the soil.
Parasitic nematodes obtain their nutrition from cell and tissue secretions from the
host. Reproduction of species is via sexual reproduction and interbreeding to pro-
duce fertile offspring. However, they are also known to use hermaphroditism and
pseudogamy where the sperm stimulates the egg to develop into an embryo as
opposed to the normal fertilization process.

Clinical Presentation

Over one billion people worldwide are thought to be infected with roundworm
which contributes to approximately 20,000 deaths annually. Most deaths occur in
endemic regions due to ineffective sanitation where children play in areas where
soil is contaminated with human faeces [1]. Clinical presentation for Ascaris lum-
bricoides tends to correlate with worm load. A light worm load is generally
asymptomatic, while heavy infestations can cause abdominal symptoms such as
discomfort, diarrhoea, anorexia and malnutrition by impairing absorption of pro-
teins, fats and carbohydrates. On occasion these worms can cause intestinal
obstruction due to worm bolus or stimulation of sensory receptors of mucosa.
They may also invade other organs causing extra-intestinal manifestations and
may indeed emerge from other orifices such as the umbilicus, lacrimal glands,
anus, mouth and nose (particularly with emesis). Worms have been known to
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invade the appendix, biliary and pancreatic ducts after stimulation. They can per-
forate the intestine and enter different cavities including the peritoneum, respira-
tory tract, urethra, vagina, placenta and foetus (if present).

Clinical presentation for patients with the hookworm (A. duodenale and
N. americanus) includes anorexia, abdominal discomfort, diarrhoea, fever, weight
loss and anaemia due to blood loss [3]. Likewise for Strongyloides, abdominal
symptoms include abdominal discomfort, particularly epigastric pain and mucoid
diarrhoea due to inflammation and ulceration of the intestine. At both ends of the
spectrum, some people remain asymptomatic of strongyloidiasis, while people
with compromised immune systems are at risk of developing severe life-threaten-
ing haemorrhagic enteritis with disseminated infection leading to pulmonary
haemorrhage, pneumonia, pyogenic meningitis and death. In addition, patients
infected by hookworm or S. stercoralis may also present with localised erythema-
tous reaction at the site of penetration through the skin. These roundworms can
also cause pneumonitis, cough, dyspnoea and haemoptysis due to larval migration
through the lungs.

Similarly, trichuriasis and enterobiasis are self-limiting and often carried asymp-
tomatic if there is a light worm infestation. Otherwise patients with trichuriasis might
complain of nausea, vomiting, abdominal pain, diarrhoea, anaemia and weight loss.
The adult Trichuris worm can also cause tenesmus and rectal prolapse when in the
rectum. In addition, stunted growth and finger clubbing can result from long-term
infestation due to minor blood loss with anaemia and nutritional deficiencies due to
intestinal mucosal inflammation. While enterobiasis manifests primarily as pruritus
ani which is commonly seen in children, but on occasion, patients may complain of
insomnia secondary to pruritus ani, along with abdominal pain and anorexia if worm
infestation is large. Scratching can result in eczematous dermatitis and secondary
bacterial infection. These worms can also cause appendicitis, and due to anatomical
proximity of the anus to the vagina in females, females are also susceptible to geni-
tourinary infection.

Diagnosis and Treatment

Infection is readily diagnosed by identifying eggs in the faeces of patients with
active infestation [1, 7]. Concentration methods can be used during light infec-
tions of parasite, while heavy infestation rarely requires concentration of faeces.
Examination of faecal specimen should occur within 30 minutes of passing speci-
men; otherwise the specimen should be preserved in 10% formalin [7]. Specimen
can be concentrated using flotation such as zinc sulphate or Sheather’s sugar so
that the organisms ascend to the surface while the debris descends to the base.
Sedimentation technique can be used, but this method is less effective than flota-
tion as the eggs or cysts of parasites may collapse, and some parasitic eggs do not
float making identification more difficult. Sedimentation uses concentration
through a filter followed by the use of a lower specific gravity agent such as for-
malin-ethyl acetate to force the parasitic matter to descend to the base of specimen.
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The only exception to the diagnostic testing above is Enterobius vermicularis
which rarely identifies the egg in the faeces [7]. Instead Scotch tape can be used as
a perianal swab. Scotch tape is placed onto the perianal region to obtain eggs. The
Scotch tape can be placed onto this region in the morning prior to bathing or hygiene.
The eggs can then be transferred from the Scotch tape onto a microscope slide to
examine for eggs of the pinworm.

Anti-helminth treatment is a course of mebendazole which is effective against
numerous human intestinal nematode infections and causes minimal side effects [1,
7]. There are other anti-helminth agents including levamisole and thiabendazole.
Medical supervision should be obtained when treating mixed helminth infection
involving A. lumbricoides as ineffective treatment can stimulate this roundworm to
migrate to other locations and cause complications [8, 9]. Effective treatment for
ascariasis is piperazine citrate as it causes paralysis of the worm. Treatment is recom-
mended for all positive testing including asymptomatic carriage particularly in treat-
ing ascariasis as future migration of the worm to extra-intestinal locations can occur.

Intestinal obstructions secondary to worm bolus will often resolve with conser-
vative management using medical therapy, i.e. ‘starve the worm and hydrate the
patient” with intravenous fluids, analgesia and nil by mouth [8]. Most of the mor-
bidities and mortalities are accounted for within the paediatric population due to
volvulus with gangrenous bowel and delayed presentation [10, 11]. Less common
presentations are appendicitis, severe or chronic colitis, proctitis, rectal prolapse,
volvulus and intussusception in children. Hepatobiliary presentations rarely include
liver abscess, obstructive jaundice, acalculous cholecystitis, choledocholithiasis,
cholangitis and pancreatitis secondary to Ascaria as the primary offender due to its
migratory nature through the ampulla of Vater [8—17]. Perforation is most com-
monly found in the blind-ending structures including the appendix, Meckel’s diver-
ticulum or on occasion is found in the small intestine; however, there have been case
reports of perforation in the large intestine [18].

Diagnosis of complications should be carried out with at least plain film radi-
ography which can show radiolucent regions with cigar bundle appearance, whirl-
pool sign, pneumoperitoneum in case of perforation and multiple air-fluid levels
[9]. It is also useful if volvulus is present showing coffee bean sign or Frimann-
Dahl sign and absent rectal gas in sigmoid volvulus which can be treated in most
cases with endoscopic decompression [9, 19]. Surgical management is recom-
mended if there is a failure to decompress endoscopically or for recurrent volvu-
lus. Likewise, caecal volvulus can be found on plain film with a kidney-shaped
dilated caecum >9 cm usually positioned in the left upper quadrant or midline and
will require surgical intervention. Ultrasound (US) when available has a 88% sen-
sitivity for worm bolus. This is only true when US is viewed in real time, as the
writhing movements of the worm can be appreciated, particularly with hepatobili-
ary imaging. US is also used for detection of intussusception where a target sign
is serially found as gold standard in diagnosis [10, 19, 20]. Air enema is used for
successful treatment of intussusception; however, failed management leads to sur-
gery. Ultimately the best modality for complications of roundworm infestation is
CT scan when available.
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Surgery is rarely required for enteric nematode infection once diagnosis is con-
firmed and anti-helminth treatment is commenced [18, 21]. However close observa-
tion and early surgical intervention are warranted for patients with features of
toxaemia and peritonitis as it may save bowel and reduce mortality. Intestinal perfo-
ration, or unresolved small bowel obstruction secondary to enteric nematode infec-
tion, is relatively rare. The type of surgery required is very dependent on the findings
intraoperatively.

For a small perforation such as that found within the appendix or a Meckel’s
diverticulum, the standard surgery is to milk out the worm bolus and resect the
appendix or Meckel’s diverticulum [11, 18, 19]. For a sigmoid volvulus, a sigmoid
colectomy with primary anastomosis or Hartmann’s procedure is performed, while
a caecal volvulus in a stable patient warrants a right hemicolectomy. In an unstable
patient with caecal volvulus and bowel compromise, a right hemicolectomy with
end ileostomy can be performed.

Midline laparotomy in the prepared patient is preferred to laparoscopic techniques
due to possibility of contamination of the peritoneal cavity with nematodes [10, 18].
The affected area of bowel can be eviscerated out of the midline laparotomy wound
for inspection of contents, protecting the surgical area with a sterile sponge or towel
to avoid contamination of contents. Once the affected region of bowel is confirmed,
atraumatic bowel clamps can be applied to the bowel to minimise movement of the
worms and milk the worm bolus toward the caecum. If there is no perforation, a
small longitudinal enterotomy can be performed over the bolus to gently milk the
worms out of the intestine. Once bowel and worms are removed, the bowel can be
closed in two layers transversely. In cases of compromised or gangrenous bowel,
volvulus or intussusception or in cases of perforation, milk the contents towards the
perforated area or towards the area of intestine to be resected, apply proximal and
distal bowel clamps, and perform a limited resection of the bowel to preserve bowel
length. Once bowel and worms are removed, an end-to-end handsewn or stapled
anastomosis can be performed, or if small perforation, again close the perforation in
two layers transversely without resection to preserve bowel length.

For hepatobiliary complications conservative management is the frontline treat-
ment as the worm may migrate out of the biliary tract [13, 21]. Conservative man-
agement includes keeping the patient nil by mouth, intravenous fluids, analgesia,
antispasmodics and empiric broad-spectrum antibiotics. Repeat ultrasound is rec-
ommended for re-evaluation after 3 days. Directed Ascaris therapy should be
avoided until the worm has migrated out of the biliary tree. Endoscopic retrograde
cholangiopancreatography (ERCP) can be used to grasp and extract the worms
without sphincterotomy for failed conservative management. Sphincterotomy
increases the risk of future migration of Ascaris into the biliary tree; however, bal-
loon catheter can be considered. Where this fails, nasobiliary drainage can be used
to decompress the biliary tree. Difficulty occurs when the worm is impacted/dead or
calcified or once the worm enters the hepatic ducts or pancreatic duct. These patients
carry a poor prognosis. A technique described as ‘whirlpool jet technique’ suggests
injecting contrast material into the duct to flush it and then extracting by basket [22].
Given that invasive procedures lead to increased risk of reinfection of Ascaris into
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the biliary tree, surgery has become rare, with less than 1% of cases being surgically
managed.

If refractory biliary disease is present, choledotomy or choledochoduodenos-
tomy and intraoperative ductal syringing can be performed to increase pressure in
the ducts and facilitate washout of the worms [23]. If stricturing disease has occurred
secondary to biliary ascariasis, a hepato-jejunostomy can be performed. If hepatic
abscess occurs, a percutaneous drainage under ultrasound guidance can be per-
formed. Alternatively, for a large hepatic abscess localised to one lobe, then a lobec-
tomy can be performed if the patient has failed alternative management with
persistent infection. Ascariasis of the gall bladder itself is very rare, but cholecystec-
tomy is indicated in the event that this occurs [21].

Liver abscess formation can occur secondary to high worm load where the paren-
chyma of the liver is invaded followed by inflammation, necrosis and subsequent
abscess formation [21, 24]. This complication again has been described in <1% of
patients; however, ascariasis is a frequent cause of liver abscess in endemic regions.
Early identification of ascariasis is important for liver abscess as it frequently
requires surgical intervention and mortality rate is high.

Prevention

Prevention is by improved sanitation, hand hygiene, education, health promotion
and treatment [1, 2, 4]. Control measures in low socio-economic areas where these
infections are prevalent, has been focused on public health measures aimed at reduc-
ing infection rates by deworming all school children. A pilot trial performed in the
Philippines aimed at eradication of soil helminths by periodic mass treatment [27].
Over a 3-year period, the prevalence of Ascaris dropped from 78% of the population
to less than 1% of the population. Special attention also needs to be paid to families
with diagnosed index cases for screening (as parasitic infections is often spread
through households) and to high-risk environments including daycare centres,
schools and other similar institutions [1, 4]. Schools, daycare centres and other
institutions should be alerted to infection to relay treatment to other members of
these centres and their families. Finally, there is no vaccine available for the soil
helminth diseases in humans; however, research is continuing into vaccine produc-
tion. The major dilemma for vaccine development has been the incomplete under-
standing of human immunity to parasitic nematodes; however, there has been
progress with successful vaccination of livestock against a parasitic nematode infec-
tion using recombinant proteins.
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The Role of Surgery in Treating Parasitic 6
Diseases of the Digestive System
from Trematodes
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Robert Edward Norton, and Yik-Hong Ho

Introduction

Over 40 million people are infected with food-borne trematodes, and 750 million,
more than 10% of the world’s population, are at risk. It is an endemic condition
without pathonogmonic features and, as such, has often been overlooked. Intestinal
trematodiasis is considered a neglected tropical disease along with liver flukes and
the like. Although only rarely associated with significant morbidity, surgical inter-
vention can play a role in management in certain patients.

Taxonomy and Morphology

Trematodes are multicellular helminths with a complex life cycle and multiple viru-
lence factors that promote its endemic nature. Each trematode species varies in mor-
phology but tends to be symmetrical. Most have oral suckers, often positioned
ventrally, that allow them to adhere to the wall of the host organism’s intestine.
Many species also have sensory papillae [1]. The body surface, or tegument, of
these parasitic flatworms is covered by a syncytial epithelium. Trematodes’ tegu-
ment has important roles in nutrient absorption, osmoregulation, sensory function,
and secretion [1]. Trematodes lack respiratory and circulatory systems, and thus
these functions are predominantly performed through the worm’s epithelium [1].
The tegument also plays an important role in immune response protection, which
acts to limit fulminant host immune reaction. The molecules and proteins that trem-
atodes produce to modulate the immune system to produce a more tempered,
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Fig. 6.1 Relevant taxonomy [1]

chronic approach are not clear [2]. It has however been demonstrated that most
helminths stimulate T-helper and T-regulatory cell-mediated reactions and thus
result in chronic granuloma formation and fibrosis [2].

The various intestinal trematode species vary in their length and general size. For
example, Echinostoma species are usually 3—10 mm length in adulthood [3]. In
contrast, Heterophyes heterophyes and Metagonimus yokogawai are considered
minute flukes, averaging <0.5 mm length in adulthood. This is particularly different
in comparison to the leaf-like liver flukes, which tend to grow much larger.
Opisthorchis viverrini tend to be the smallest of the liver flukes ranging 5-10 mm
long, in contrast to Clonorchis sinensis that average 10-25 mm [1, 4, 5]. The liver
flukes’ eggs however often have a similar appearance to the minute flukes, creating
a diagnostic dilemma from faecal studies [6].

Trematodes are of subclass Digenea, derived from the phylum Platyhelminthes
as seen in Fig. 6.1. Approximately 70 trematode species have been isolated from
humans [1]. These organisms can be divided according to their final human habi-
tat—liver, lung, blood, and intestinal. Liver flukes, for example, Fasciola, Clonorchis,
and Opisthorchis, reside in bile ducts in their adult form. Although liver flukes are
considered increasingly important in the literature in relation to their carcinogenic
potential, the first reported large outbreak of acute C. sinensis was in Shanghai in
the 1940s [4]. Of the known intestinal trematode species, there are four that are
documented in the literature to have this most significant impact on human lives:
Fasciolopsis, Heterophyes, Metagonimus, and Echinostoma. In the past,
Stellantchasmus falcatus, Haplorchis spp., and Procerovum spp. have reportedly
caused significant disease burden in humans [7].

Life Cycle

Trematodes are both hermaphroditic and digenic. This means they contain both
male and female reproductive organs, and perform both self- and cross-fertilization
in a definitive vertebrate host, but also reproduce asexually in a snail intermediate
[8]. Although the life cycles differ in terms of the location the larvae can be found,
the overall principle is similar between species as shown in Figs. 6.2 and 6.3.
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Fig. 6.2 Intestinal trematode life cycle
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Fig. 6.3 Stages of trematode growth. (a) H. heterophyes egg. (b) H. heterophyes adult stained
with carmine. The following structures are labelled: oral sucker (OS), pharynx (PH), intestine (IN),
ventral sucker, or acetabulum (AC), and eggs within the uterus (UT) (cdc.gov/dpdx/heterophya-

sis/index)
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Within a definitive vertebrate host, whether human, fowl, or beast, the adult
trematode lays eggs that contaminate bodies of water via faeces. Ciliated miracidia
hatch from the eggs to swim freely and penetrate or are eaten by snails that they then
infect. Within the snail host, trematodes undergo several stages of asexual reproduc-
tion through sporocysts and then rediae. Once they develop into cercariae, they are
released from the snail and encyst as metacercaria. It is at this stage that the life
cycles somewhat diverge. For example, Fasciola sp. metacercariae encyst on certain
water-based plants (water chestnuts, mint, parsley, watercress, etc.) where they are
then consumed by humans, pigs, and so forth up to a year later. The metacariae
excyst in the duodenum and attach to the intestinal wall where they can then mature
into adult worms. The minute flukes however, Heterophyes and Metagonimus,
encyst within the tissue of fish species that are then consumed. Interestingly, the
Opisthorchis sp. are dependent upon water temperature and the species of fish they
invade to determine the latency period between infecting the fish and being able to
infect human/mammalian hosts [9]. Echinostoma species’ metacariae tend to rein-
fect snails or clams and so forth and are transmitted to humans on ingestion of these
molluscs raw [8].

The liver flukes differ in the life cycle once entering the duodenum of their defin-
itive host as they reach their final tissue destination. Fasciola sp. penetrate the gut
wall, migrating through the peritoneal cavity for up to 7 weeks to enter via the
Glisson capsule to infect the hepatic tissue where they mature and begin to produce
eggs [4, 8, 10]. Opisthorchis and Clonorchis sp. however access the liver via the
ampulla of Vater in the second part of the duodenum [4, 8].

The adult worms need to fully mature prior to producing eggs, which is species
specific. For example, F. buski develops over 3 months to produce approximately
25,000 eggs per day. Each adult intestinal trematode can live up to 1 year in its
mammalian host. However, some liver flukes have been shown to survive for up to
30 years in a human host [4].

Intestinal Trematodes
Clinical Manifestation

Given its endemic nature, intestinal trematodiasis is an occult disease associated
with limited clinical features. Morbidity and mortality have been associated, par-
ticularly with high worm burden in a smaller subset of the infected population
(~5-10%). The prevalence and intensity of infection both tend to peak between ages
10 and 30 years [8]. Pathology may be caused by both the worms and their eggs,
which cause inflammation, fibrosis, and granuloma formation by local damage and
obstruction [8]. The mature embryo, or miracidium, tends to secrete antigenic mol-
ecules and enzymes that induce granuloma formation and antibody production [8].
Some of the immune response stimulated by these molecules is considered protec-
tive and actually mediates resistance to reinfection [8]. As aforementioned, the
immune response generated by intestinal trematodes is T-helper cell-mediated and
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does not produce a fulminant acute response from the host [2]. This moderated
response results in the subclinical nature of most intestinal trematode infections.

The symptoms of intestinal fluke infection are only associated with severe dis-
ease but are similar across more common trematode species. Clinical manifesta-
tions of disease are more common in children and tend to develop between 9 and
60 days following exposure depending on the trematode species [3]. As many spe-
cies tend to reside within the crypts of the small intestinal villi, symptomatic patients
will report diarrhoea, generalized abdominal pain, anorexia, vomiting, and weight
loss [6, 8]. Dyspepsia is a common symptom particularly with Heterophyes and
Metagonia species [3]. Occasionally, these minute species are haematogenously
spread to other sites, and patients can exhibit symptoms from granulomatous lesions
in the liver, spleen, heart, lungs, or central nervous system [3]. Symptoms from
Echinostoma species are more severe and associated with more significant mucosal
damage [3].

Fasciolopsia species are considered more pathogenic than other species of trem-
atodes, likely due to their larger size. The adult worms grow from 2 to 7.5 cm in
length [3]. Although most infections are also associated with little or no symptoms,
there are reported cases of severe disease. Attachment of F. buski to the duodenal or
jejunal wall and its effect on the secretion of intestinal fluids and mucous can result
in microabscesses, as well as ulceration and gastrointestinal bleeding [8]. This can
result in clinically apparent anaemia. High worm burden (>500) with Fasciolopsia
species has been associated with malabsorption, which can result in oedema, asci-
tes, and vitamin B12 deficiency [3]. Large worm volumes rarely can be associated
with obstruction and perforation [11]. Obstruction from trematodes can also occur
secondary to successful treatment with large volumes of dead worms acting as a
bolus [3].

Diagnosis

The mainstay of diagnosing infection with intestinal flukes is by visualization of
eggs or adult worms in bodily fluids. Most commonly they are demonstrated in
faeces but can also be found in bile, gastric washings, duodenal samples, or vomi-
tus. The Kato-Katz thick smear method is a widely adopted diagnostic technique for
detecting trematode infections as demonstrated in Fig. 6.4. It is used as a qualitative
and semi-quantitative method that allows determination of worm concentration as
well as species. This is important, as the likelihood of developing disease associated
with intestinal trematodes is directly correlated to the intensity of infection or worm
burden [8]. In this technique, faecal samples are run through a sieve to remove large
particles. A portion of the sample is then placed within a template on a slide, which
is then examined under the microscope for eggs. In this way, both the type of egg,
as well as the volume of egg burden, can be assessed.

Formalin ether concentration or sedimentation technique (FECT) is another
method of microscopic techniques for the diagnosis of intestinal worms (see
Fig. 6.4). This method takes advantage of the higher specific gravity of trematode
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Fig.6.4 (a)A
demonstration of the
Kato-Katz smear
technique. (b) Formalin
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eggs as compared to water, allowing them to separate out of the specimen. It is par-
ticularly useful when the number of parasites is too low for direct smear and thus
improves sensitivity. The formalin used fixes the morphology of the specimen to
improve identification. The sample can then be directly visualized and counted.
Parasitological techniques relying solely on egg excretion have limitations.
The presence of eggs in faecal material will not occur immediately following
infection as the worms must mature to their adult form. Furthermore, different
species of trematodes can have similar appearing eggs creating a diagnostic
dilemma. Heterophyidae and Clonorchis sinensis (a liver fluke) both have rough,
thick egg shells thus reducing the diagnostic specificity of the test [6]. Low worm
burdens may also obscure results as these techniques rely on direct visualization.
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The detection limit of FECT, for example, has been shown to be 20 worms or
approximately 1000 eggs per gram (epg). This may result in underestimating the
disease prevalence by up to 20% [12]. The ease of sample collection of the tech-
niques means these non-invasive tests have remained the gold standard. Although
antigen-, antibody-, and DNA-based techniques have been developed for liver and
blood flukes [6], the same is not true for intestinal trematodes. No immunodiag-
nostic technique has been developed that is accurate enough to reliably diagnose
them [13].

Treatment

The primary treatment of intestinal trematode infection is medical, though surgery
has been reported as management of several infection complications. The mainstay
of medical management is a 1-day course of oral praziquantel. The World Health
Organization (WHO) recommends a dose of 25 mg/kg. Praziquantel effects cell
membrane permeability and induces vacuolisation and disintegration of the fluke’s
integument [ 14]. This induces rapid contraction of the fluke and tends to affect adult
worms more than immature worms. Praziquantel is rapidly absorbed orally but is
subject to first pass metabolism that is thought to occur via the CYP450 enzyme
system [14]. The drug and its metabolites are excreted by the kidney [14].
Praziquantel’s effect is therefore influenced by renal failure and certain medications
that compete for metabolism. Maximal serum concentration occurs within 3 hours
of dosing. There have been no known studies testing the efficacy and safety of pra-
ziquantel in pregnancy, but it has been shown to be excreted in breast milk [14]. The
side effect profile of this medication is rather benign, causing predominantly vague
symptoms such as malaise, fatigue, and gastrointestinal upset. Few serious hyper-
sensitivity reactions have been noted [14].

Surgical intervention is rarely required in intestinal trematode infection com-
pared to the high number of infections these parasites cause. As a result, there are
no published guidelines to direct the surgical management. There have however
been reported cases of stricture and perforation in the setting of F. buski, though this
is not the norm [11]. Small bowel resection may be indicated as sequelae of a high
worm burden causing obstruction or ulceration with bleeding and/or necrosis [3].
Due to the granulomatous reactions induced by the fluke’s enzymes, strictures can
also occur in isolation. Depending on the location of the diseased segment of bowel,
this may confound the diagnosis of other pathology such as inflammatory bowel
disease.

The principles of surgical management have been described mostly in case series
and case reports as opposed to rigorous trials. If surgery is required, preservation of
bowel length is recommended. Open techniques are also preferred to laparoscopic
in order to prevent contamination of the peritoneal cavity with either eggs or adult
worms. In the instance of obstruction, in an appropriately prepared supine patient,
the bowel can be accessed via a small midline laparotomy incision. The affected
small bowel can be delivered outside of the wound for inspection, protecting the
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wound edges with a sterile towel. When the affected segment is identified, it is
sometimes possible to massage the bolus onward toward the caecum. This relies
upon healthy small bowel and a more distally effected segment. In cases where this
is not possible, or if the bowel appears friable and inflamed, non-crushing bowel
clamps can be applied distally. Attempt to knead the bolus more proximally away
from the diseased segment. A longitudinal enterotomy as in Fig. 6.5 can be made
overlying the bolus to gently extract the content. Once the contaminants are
removed, close the bowel in one or two layers transversely. If the bowel appears

Proximal Distal
_—

Fig. 6.5 Open surgical management of helminth-associated obstruction. (a) An obstructing
bezoar of worms. (b) A longitudinal incision is made proximal to the obstruction. (¢) The incision
is closed transversely to help prevent stricture
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compromised or its viability is threatened, a limited small bowel resection can be
performed. An end-to-end hand-sewn anastomosis and stapled anastomosis are
acceptable options.

When intestinal trematodiasis is associated with strictures secondary to microab-
scesses and fibrosis, treatment is similar to that seen in Crohn’s disease. If the stric-
tured segment appears grossly inflamed over a short area of involvement, primary
resection is preferred. Otherwise, stricturoplasty may be appropriate. The tightness
of the stricture can be evaluated via a small enterotomy as described above. Balloon
catheter dilatation is appropriate in strictures with a diameter greater than 20 mm.
Strictures tighter than this, less than 20 mm, require a longitudinal full-thickness
incision to be carried over the entire effected segment. This incision should be con-
tinued for approximately 1 cm beyond into normal tissue. The bowel is then closed
transversely in one or two layers. In longer strictured segments, primary resection
and anastomosis are preferred.

Liver Trematodes

Liver flukes are endemic in many regions, particularly Southeast Asia. These flukes
reside within the biliary system, sometimes for decades, and are well recognized
for their propensity to cause chronic infection and cholangiocarcinoma. Infestations
from intestinal flukes tend to cause similar clinical presentations regardless of the
underlying organs; however the clinical manifestations and relevance of liver
flukes differ between the few most important families. The particular symptoms,
diagnostic features, and clinically relevant complications will be discussed
separately.

Clinical Manifestations

Fasciolopsis

Infection with fascioliasis is often characterized by three distinct phases that corre-
spond to different periods in the worm’s life cycle. The invasive or acute phase
occurs at approximately 612 weeks when the juvenile parasite penetrates and then
migrates randomly through the liver parenchyma [4, 5, 8]. This results in acute
inflammation from mechanical irritation and toxic secretions [8]. The outcome is
hepatic cell loss, tissue necrosis, abscess formation, fibrosis, and haemorrhage [5].
This acute phase can last several months and results in clinically apparent disease.
This is characterized by marked eosinophilia, right upper quadrant pain, intermit-
tent fever, malaise, weight loss, urticaria, anaemia, and sometimes hepatomegaly [4,
5, 8]. Mild derangement of hepatic enzymes will only occasionally be seen [4].
Some patients will also develop secondary respiratory symptoms from the develop-
ment of right-sided pleural effusions. When aspirated, these effusions tend to show
increased eosinophils [15].
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In the latent phase, the flukes have entered the larger bile ducts, they mature, and
they begin to produce eggs. At this stage, symptoms tend to decline and often com-
pletely resolve [8]. An unknown proportion of patients progress to the chronic phase
of infection. Patients with chronic fascioliasis are susceptible to biliary obstruction
either through strictures and fibrosis or worm burden [4]. This can result in intermit-
tent epigastric or right upper quadrant pain that mimics biliary colic or cholecystitis
[4]. More rarely patients will present with ascending cholangitis with fevers, jaun-
dice, and abdominal pain [4].

Clonorchis and Opisthorchis

Unlike fascioliasis, acute infection with Clonorchis or Opisthorchis sp. does not
produce an initial syndrome. This is attributed to these trematodes atraumatically
entering the biliary system through the ampulla [5, 8]. Patients do not tend to suffer
significant signs or symptoms despite mild inflammation to the smaller bile ducts
and portal connective tissue [16]. As the hepatic trematodiasis progresses, patients
can develop diarrhoea, an irregular appetite, and oedema [5]. This corresponds to
the necrosis of bile duct epithelial cells and hepatocytes and associated regeneration
[16]. This results in hyperplasia of the bile ducts and adenoma formation [16]. The
inflammation can occur with or without inducing granulomatous reactions leading
to periductal and portal scarring with resolution [16]. Some patients will subse-
quently suffer severe chronic infection characterized by multilobular cirrhosis, por-
tal hypertension, cholangitis, and potentially cholangiocarcinoma [4, 5, 8, 16, 17].
The likelihood of progressing to the symptoms and complications described is pro-
portional to the burden of infestation.

Symptomatic patients manifesting chronic disease may report intermittent right
upper quadrant pain, fatigue, dyspepsia, and occasionally hepatomegaly [4]. Biliary
complications are not uncommon in liver fluke infestation. The helminth’s presence
within the bile duct results in proliferation of biliary epithelium as well as periportal
fibrosis [16]. This can lead to biliary stasis and the production of soft, muddy, intra-
hepatic pigment stones as well as the associated symptoms of obstruction [5, 18].
The direct mechanical obstruction of bile ducts full of trematodes also contributes
to this pathology, which involves the pancreas in 30% of cases [5, 16]. Secondary
bacterial cholangitis and pyogenic liver cholangitis can develop also as opportunis-
tic pathogens take advantage of the poor biliary drainage and tend to recur. These
episodes are characterized by repeated phases of chills, fever, jaundice, right upper
quadrant pain, Gram-negative sepsis, and leucocytosis [18].

Opisthorchis, Clonorchis, and Cholangiocarcinoma

Probably the most clinically significant outcome from hepatic trematodiasis is the
development of cholangiocarcinoma. The WHO’s International Agency for
Research on Cancer (IARC) has listed Opisthorchis viverrini as a class 1 carcinogen
since 1994, and Clonorchis sinensis is considered a probable carcinogen [17]. The
evidence is inconclusive regarding the role O. felineus may play in the development
of this cancer [4, 5, 16]. The first large case series reporting the link between
O. viverrini and cholangiocarcinoma was from Bangkok in the 1960s [19]. Liver
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examination of autopsy specimens identified a striking increase in cholangiocarci-
noma incidence with the presence of the fluke [19]. In non-endemic regions, chol-
angiocarcinoma makes up approximately 15% of all hepatobiliary tumours [4, 9,
20]. However in endemic regions, the ratio of cholangiocarcinoma to hepatocellular
tumours is 4:1, with an incidence 610 times higher than non-endemic regions [9].
The risk of cholangiocarcinoma is particularly increased in patients with high worm
burdens [4].

The mechanism of carcinogenesis of liver flukes is a topic of great interest in
current research as a potentially preventable risk factor in a malignancy known to
have high mortality. Recurrent obstruction and inflammation with liver fluke infes-
tation leads to several pathological changes within the liver and biliary system.
These include biliary dilatation, desquamation of the bile duct epithelium, prolifera-
tive hyperplasia, fibrosis, and metaplasia [21-23]. These changes have been attrib-
uted to mechanical injury from the fluke’s ventral suckers, as well as the metabolites
they secrete to survive a hostile environment [4, 16, 22-24]. O. viverrini in particu-
lar has been shown to synthesize genotoxic agents that result in DNA damage that
predisposes to development of malignancy over time [9]. Chronic inflammation is
also associated with the generation of free radicals and nitrogen species that damage
DNA, initiate mutations and genetic instabilities, and promote malignant transfor-
mation [16, 23, 25]. Interestingly, the mutations in RAS oncogenes frequently evi-
dent in intra-hepatic cholangiocarcinoma in non-endemic areas are less common in
cases with liver flukes, suggesting an atypical pathway of genetic damage [26].

While liver flukes can be carcinogenic, they do not cause cholangiocarcinoma
independently but rather act as a significant cofactor for the development of this
malignancy. The incidence of cholangiocarcinoma is still low despite the high prev-
alence of this endemic disease [16]. Furthermore, there is no evidence to suggest
that eradicating hepatic trematodiasis eliminates the malignancy risk of an individ-
ual patient, particularly if the flukes have already caused significant changes to the
biliary system [27]. It will however significantly improve clinical symptoms as well
as changes seen on imaging [28, 29].

The majority of fluke-induced cholangiocarcinomas are adenocarcinomas [16,
28]. O. viverrini can often be found within or adjacent to the tumour, surrounded by
associated adenomatous proliferation of bile ductal epithelium [16]. The tumour
location is predominantly central (60%) or peripheral (20%) type and found in the
right lobe of the liver [16, 28]. Of the extrahepatic lesions, the majority affect the
proximal ductal region [28].

Diagnosis

The mainstay for diagnosing liver fluke infection is still faecal microscopy given
their simplicity, economics, and accessibility. However other methods are becoming
more prevalent in the developed world to differentiate between the species and tar-
get therapy. While Opisthorchis and Clonorchis egg counts are relatively stable,
E hepatica eggs are not seen in the acute phase because the worms are still
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immature [4]. Thus, for fascioliasis diagnosis must be based initially on the typical
clinical syndrome or immunodiagnostic techniques [4]. Furthermore, low egg
counts can also paradoxically be seen in very heavy infections with either families
due to obstruction of the biliary tree or because ascending cholangitis has killed the
adult worms [4].

Immunodiagnostic techniques have been variably successful and include immu-
nofluorescence assays, enzyme-linked immunosorbent assay (ELISA), indirect hae-
magglutination, complement fixture, and countercurrent electrophoresis [4]. The
advantage of these techniques is that they are applicable in any stage of disease and
can even be used to monitor improvement post-treatment [4, 10]. However, the sen-
sitivity of these techniques is dependent on the specificity of the worm extract used
and is often unable to distinguish between active and past infection [4, 6].

Fasciola

The effect of F. hepatica on liver function tests (LFTs) varies throughout the course
of infection [10]. During the acute phase, transaminases are often normal but tend
to significantly increase 4 weeks post infection [10]. Later on, after 3 months, values
tend to normalize before gamma-glutamyl transpeptidase (GGT) activity increases
[10]. Thus, LFTs are not particularly reliable for diagnosis.

Since bloods tests are unreliable and faecal microscopy can be negative acutely,
the initial syndrome is easily mistaken for more common pathology. Therefore,
imaging has begun to play an increasing role in the diagnosis of fascioliasis, and
features change based on the phase of disease. In the parenchymal phase when
immature worms migrate through the liver, CT and MR are the most useful as seen
in Fig. 6.6 [10]. Initially, ultrasound (US) findings are nonspecific and may demon-
strate small volume ascites [15] or focal hypoechoic lesions with a surrounding halo
[10]. In mild infections however, diffuse increase in echogeneity of the liver may be
the only finding [10].

During the parenchymal (acute) phase, CT will demonstrate multiple small,
hypodense lesions with peripheral enhancement measuring 2—10 mm [10, 30]. The
position, attenuation, and shape of the hepatic lesions tend to change, starting with
more peripheral lesions and progressing to tortuous clusters by 6 weeks [10, 31].
These lesions tend to be filled with necrotic material and occasionally will be sur-
rounded by necrotic tracks and fibrosis [4]. These microabscesses can be confirmed
on liver biopsy [4]. The liver capsule will also have notable focal thickening and
enhancement initially where the trematodes have penetrated [10].

MR imaging in the parenchymal phase can often clearly demonstrate the charac-
teristic evolution and life cycle of F. hepatica, without the use of contrast or radia-
tion. It is also able to provide additional information about lesion complications
such as haemorrhage and abscess formation [10]. Haemorrhage can be life-
threateningly severe and when seen with eosinophilia, should raise the suspicion of
hepatic trematodiasis [10]. On T2-weighted images, the aforementioned Glisson’s
thickening is seen as hyperintense areas, with clustered hyperintense parenchymal
lesions that demonstrate peripheral enhancement with contrast [10]. Early
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Fig. 6.6 Examples of key imaging findings in F. hepatica infection. (a). Contrast CT demonstrat-
ing clustered hypodense lesions with peripheral enhancement. (b) CT showing low attenuation
tracks throughout the parenchyma representing trematode migration (c¢) T1-weighted MR of the
same patient’s (A) lesions (d) T2-weighted MR showing hyperintense tracks along portal veins [10]

migration routes can be demonstrated as hypointense on T1-weighted, or hyperin-
tense on T2, subcapsular lines [10].

At the end of the parenchymal phase as the worms enter the ductal systems
around week 8, the hepatic lesions tend to regress [10]. During the ductal phase,
ductal ectasia can be seen. The biliary dilatation appears initially as thin,
hypoechoic lines parallel to portal areas and progresses to tortuous distention
toward week 12 [10]. This is poorly seen on MR initially; however capsular and
subcapsular scarring and intermittent signal-filling defects representing worms
can often be seen within the ducts [10]. US can also occasionally demonstrate
intraluminal masses representing mobile flukes within the gallbladder or biliary
tree [4, 10]. Eventually in chronic infestation areas of calcification can be identi-
fied, particularly on CT [10].

As discussed, the chronic stage of fascioliasis features recurrent episodes of
biliary colic and cholecystitis. The biliary inflammation is seen as ductal dilata-
tion with irregular areas of wall thickness [10]. Unlike pyogenic abscesses, the
hepatic microabscesses demonstrated in fascioliasis do not tend to coalesce but
similarly show a thick, minimally enhancing rim surrounded by oedema [10].
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With cholangitis the lesions and biliary involvement tend to be distributed more
centrally [10].

Missed or late diagnosis of F. hepatica frequently occurs, leading to unnecessary
operations [10]. In this chronic phase, eggs can be found in the stool but can also be
seen intraoperatively when eggs or adult worms are found to cause obstruction [4].
Endoscopic retrograde cholangiopancreatography (ERCP) can thus be useful for
defining bile duct changes but also to directly visualize the trematodes including
their location [5]. When laparoscopy is performed, raised grey-white or yellow nod-
ules with short vermiform cords can often be seen on the liver surface [32, 33].

Opisthorchis and Clonorchis

Since egg counts are reasonably reliable for non-Fasciola liver fluke infestations,
the imaging findings are less crucial to diagnosis. In opisthorchiasis, US shows
clusters of dilatations of intrahepatic bile ducts that are pathognomonic [4]. There is
also often gallbladder enlargement with sludge and stones, but clearly obstructing
worms are less likely [4]. Numerous hypoechoic lesions with adjacent linear intra-
ductal echoes may be seen [4]. ERCP in opisthorchiasis and clonorchiasis tend to
show diffuse tapering and dilatation of intra- and extrahepatic ducts in combination,
creating a mulberry-like appearance that is characteristic [34]. This may be associ-
ated with solitary cysts similar to a liver abscess cavity [34].

Treatment

Fasciola

Unlike other trematodes, Fasciola sp. is more often resistant to praziquantel [4].
Medical management of this hepatic fluke is predominantly with triclabendazole as
a single 10 mg/kg dose or as two doses 12 hours apart [4]. Repeat treatment may be
necessary to complete eradication, and increasing resistance to the drug has been
noted [4]. In patients suffering a severe acute parenchymal stage, a short course of
systemic steroids may be warranted [4].

The biliary epithelial hyperplasia that occurs in F. hepatica infection results in
thickening and dilatation of the ducts as well as the gallbladder. In the context of
cholecystitis, a laparoscopic cholecystectomy is recommended, preceded by anti-
helminthic medical therapy. Often treatment can reverse the trematode-associated
gallbladder abnormalities, but in the context of significant wall thickening (>4 mm),
surgery has been advocated [5]. Dilatation and chronic inflammation may increase
the risk of bile leak from the cystic stump and preclude the use of 5 mm metal clips.
As a result, the application of polydioxanone (PDS) endoloops is preferable over
standard clip application. Other options for securing the cystic duct include a sta-
pling device, suture ligation, or the use of locking clips. Effort should be made to
avoid gallbladder perforation to avoid helminth spillage, and needle decompression
is not recommended.

Since the adult worms have a proclivity toward central bile ducts, cholangiogra-
phy is recommended in all cholecystectomies with associated F. hepatica
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infestation. On occasion a linear opacity can be demonstrated that represents a dead
adult worm. The parasite should be retrieved to prevent ongoing biliary obstruction
and risk of cholangitis. This can be achieved via ERCP or common bile duct explo-
ration. A non-dilated bile duct (<8—10 mm) is a relative contraindication to laparo-
scopic exploration due to the risk of stricture following healing of the choledochotomy,
but is rarely encountered in this setting. Bile duct exploration should only be per-
formed by experienced surgeons. The peritoneum overlying the supraduodenal bile
duct should be divided to expose approximately 2 cm anteriorly. A longitudinal
choledochotomy of 1 cm is made, and a 5 mm laparoscopic sucker is used to clear
bile. A lithotripsy basket can be deployed distal to the obstructing trematode to clear
the ducts with care made not to damage the posterior wall of the bile duct. A cho-
ledochoscope can be used to ensure duct clearance of the parasites. These tech-
niques are similar to those used in standard gallstone disease.

Open surgical drainage of liver abscesses in the context of trematodiasis or oth-
erwise is rarely indicated. Percutaneous drainage is the mainstay for large abscesses,
but the majority will resolve following medical eradication. Abscess resolution can
be monitored with regular US of the liver. If surgical management is indicated due
to failed interventional management, the abscess cavity should be incised and the
contents debrided. Adequate haemostasis can be achieved using diathermy coagula-
tion, CUSA, or by applying two adjacent vertical mattress sutures and resecting the
wedge of tissue between.

Opisthorchis and Clonorchis

Similar to the intestinal trematodes, oral praziquantel is the drug of choice for
Opisthorchis and Clonorchis infection [13]. The recommended dose is 25 mg/kg
three times daily for 2 days, but retreatment may be required in areas of high resis-
tance such as Vietnam [4]. Medical cure in patients not developing cholangiocarci-
noma has ranged from 73% to 100%, and infection intensity is greatly reduced in
those patients not cured [5]. Antibiotics may also be required to treat associated
sepsis or secondary bacterial infection with recurrent pyogenic cholangitis [4].
Surgical management of intrahepatic obstruction associated with secondary stric-
tures, stones, and abscesses is often required [4]. Patients may also require biliary
bypass or even transplant if the fibrosis doesn’t resolve with medical eradica-
tion [16].

Cholangiocarcinoma is understandably the most significant complication arising
from liver fluke infection requiring surgical management. Except in the presence of
advanced disease or an unresectable tumour, resection should be performed [16].
This is true even as an effective palliative measure for obstructive jaundice [16].
There is however no indication for prophylactic resection in the presence of liver
flukes to reduce the risk of cholangiocarcinoma [5]. The operative options do not
differ from standard, non-trematodiasis-related cholangiocarcinoma and include a
Longmire bypass (intrahepatic cholangiojejunostomy) and hemihepatectomy [5].

Similar to outcomes in cholangiocarcinoma without associated hepatic tremato-
diasis, non-jaundiced patients have better long-term outcomes, as do those with
peripheral lesions [16]. Almost 75% of patients diagnosed with cholangiocarcinoma
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will already have lymphatic or vascular invasion, or peritoneal seeding, and aggres-
sive surgical treatment is often not beneficial [35]. Appropriate work-up and staging
is imperative in surgical decision-making, and post-operative survival is similar for
cholangiocarcinoma regardless of the cause [35]. Without an operation, 3-year sur-
vival is approximately 10% [5].

Prevention

Prevention in endemic areas is paramount to the long-term management of intesti-
nal trematode infection. Given its wide distribution and the prevalence of interna-
tional food imports and intercontinental immigration in the twenty-first century,
population-based management is increasingly important. Sporadic cases of human
infection have been in seen in most parts of the world [8].

Since trematodes mostly infect younger population groups, focus has been cen-
tred in endemic countries on mass drug administration (MDA) in schools. This has
proven effective in reducing the incidence and prevalence of soil- and water-based
helminth pathogens in Kenya [36] and Korea [37]. Not only do younger people tend
to excrete more eggs than adults, but they also tend to develop recurrent infections
following treatment with re-exposure [8]. Older individuals, when reinfected, tend
to have lower worm burdens [8]. This may be associated with a stronger immune
response associated with higher immunoglobulin levels from previous primary
infection.

Understanding trematodes life cycle and transmission patterns is critical in dis-
ease prevention. In this regard, population health measures should focus on three
main areas:

1. Preventing contaminated excrement from entering water systems
2. Education on food preparation
3. Reducing endemic populations disease burden

In order to limit egg-containing excrement from contaminating water sources,
primary or secondary prevention strategies can be employed. Use of non-faecal
fertilizers on crops can reduce transmission rates. This would limit the volume of
eggs deposited into water systems, which interrupts the trematode life cycle.
Alternatively, the control of snail populations with the use of molluscicides would
also be effective. Without an intermediate host, trematode populations are likely to
dwindle. Water sanitation methods can also assist with this method, but direct con-
tact could still result in infection.

Infection with most intestinal flukes can also be limited by education on appro-
priate food preparation. Cultural practices of pickling fish and so forth encourage
the transmission of Heterophyes and Metagonia species. Smoking and freezing
meat similarly do not kill the metacariae. Awareness of which foods contain trema-
todes and on their recommended cooking of fresh water fish, crustaceans, and veg-
etables can limit occult disease transmission [38]. Furthermore, imported items of
freshwater foods from endemic areas should be stringently monitored to prevent
wider disease distribution throughout the world.



6 The Role of Surgery in Treating Parasitic Diseases of the Digestive System... 103

As aforementioned, initiatives targeting school children have been successful in
the treatment and prevention of trematode-associated infection. MDA and other
population-based measures can reduce the incidence and prevalence of trematode-
related disease. Praziquantel as a single dose has been recommended by the WHO,
and can be widely distributed to at-risk populations [13]. Large-scale treatment like
this has been proven to reduce the rate of reinfection in endemic areas.

The mainstay of trematode treatment will be prevention, but unlike intestinal
trematodes some early success has been seen in veterinary disease for vaccines
against Fasciola [4]. However, no vaccines have been developed yet for human
infection, likely due to the more complex T1 and T-helper interactions of the human
immune system [4]. There have also been advances on developing antitumour com-
pounds for cholangiocarcinoma, namely, triptolide [39]. With further development
these therapies could contribute to possible eradication and complication prevention
in hepatic trematodiasis in particular. In the future, these neglected tropical diseases
may be eliminated.
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In Whom Should We Suspect Hydatid Disease? Epidemiology
and Public Health Burden

Echinococcal disease is an important neglected disease that affects many people
worldwide. It is one of the World Health Organization’s (WHO) 17 neglected
tropical diseases and is a priority neglected zoonotic disease [1]. Cystic echino-
coccosis affects approximately 1.2 million people around the world and is esti-
mated to be responsible for 3.6 million disability-adjusted life years (DALYs) per
year [2]. It is estimated to have a higher socioeconomic cost than Chagas disease
or leprosy [3]. Highest concentrations of echinococcal disease are found in
Eastern Europe, the Middle East, South America, and parts of China [4, 5] where
rates can be as high as 50 per 100,000 person-years [4]. It has been estimated that
the prevalence can be 2—-6% within endemic populations. Risk factors for disease
acquisition in these areas include close proximity of livestock slaughter to humans
and dogs, such as on farms or at home, as well as sheep raising and large dog
populations [6]. Within the continental United States, echinococcal disease exists
mainly in the southwestern states. Risk factors include home slaughter of sheep
and having pets, particularly canines, that are allowed to eat raw sheep organs and
meat. Most cystic echinococcal cases in Alaska and Canada occur in native popu-
lations [7].

S. H. Gunaratne (b))

Department of Medicine, Division of Infections Diseases, Columbia University Irving
Medical Center, New York, NY, USA

e-mail: shg2130@cumc.columbia.edu

R. Hurtado

Department of Medicine, Division of Infections Diseases, Massachusetts General Hospital,
Boston, MA, USA

e-mail: rhurtado@mgh.harvard.edu

© Springer Nature Switzerland AG 2020 109
G. Tsoulfas et al. (eds.), The Surgical Management of Parasitic Diseases,
https://doi.org/10.1007/978-3-030-47948-0_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47948-0_7&domain=pdf
https://doi.org/10.1007/978-3-030-47948-0_7#DOI
mailto:shg2130@cumc.columbia.edu
mailto:rhurtado@mgh.harvard.edu

110 S.H. Gunaratne and R. Hurtado

Cystic echinococcal (CE) disease is caused by E. granulosus, of which strain G1
is most commonly responsible for infections in humans. E. multilocularis causes
alveolar echinococcus (AE), which has distinct disease characteristics from the cys-
tic form [4]. E. multilocularis is mostly transmitted by wild canines such as foxes,
wolves, etc. and is found in Northern Asia, Europe, North America, and the Arctic
[6]. Two other species, E. vogeli and E. oligarthrus, cause polycystic echinococcus,
but these are much rarer [4]. E. vogeli is similar to alveolar echinococcal disease and
found in Central and South America. E. oligarthrus is less aggressive and also found
in Central and South America [6].

Alveolar echinococcus (AE) incidence has increased over the last few years,
mostly in part due to increasing wild canine populations [6, 8]. In Switzerland, a
highly endemic area for E. multilocularis, the incidence has increased to
0.26/100,000 between 2001 and 2005 due to increasing fox populations [8].

Clinical Manifestations

Canines (particularly dogs) are definitive hosts for echinococcus, and sheep and
cattle are intermediate hosts [4, 6]. Echinococcus granulosus sensu stricto prefers
sheep as its intermediate host [5]. The intermediate hosts (sheep, cattle, humans)
ingest an egg from the environment which can remain infectious for weeks [6]. The
definitive hosts, in this case dogs, release the egg into the environment through their
feces. This egg hatches in the gastrointestinal tract of the intermediate host and
releases an oncosphere, traverses the gut wall, and travels through the portal system,
eventually to the liver or lungs where it becomes a cyst. When the dogs (definitive
hosts) eat this cyst in the tissues of the intermediate hosts, the cyst then becomes a
tapeworm in their gastrointestinal tract, completing the life cycle. The tapeworm
does not exist in the intermediate host. Humans are accidental intermediate hosts as
dogs do not consume the infected human tissue with cysts and do not continue the
life cycle of the cestode [6].

In humans, the cyst is comprised of an endocyst, which is the germinal mem-
brane, and a pericyst, which is a fibrous capsule and a result of the host response
around the cyst [4]. The cyst is filled with fluid that often contains protoscolices,
which can cause infection if they come in contact with other tissues. The cysts often
grow very slowly at a rate of 1-10 millimeters per year [4, 5]. Since the parasite
enters through the portal system, the liver is the most commonly affected area of
cystic disease, in about 70% of cases [4]. The lungs are the second most commonly
affected site, making up about 20% of cases. In 85-90% of CE cases, only one
organ is affected, and greater than 70% of cases have only one cyst [4]. Less than
10% are found in other sites, including the bone [6]. The spine is the most com-
monly affected site of bony echinococcal disease [9].

Due to the very slow rate of growth, the cysts often remain clinically silent. They
eventually manifest based on complications or mass effect from the enlarging cyst
[5]. The parasite has also been able to adapt to minimize the host inflammatory
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response [5]. The site of cyst formation dictates clinical manifestations. Liver cysts
grow at a slower rate than lung cysts, which can therefore present earlier in life [10].
For example, liver cysts can cause nausea, vomiting, or abdominal pain or, if they
exert compression on the biliary system, can cause jaundice and obstruction or fis-
tulization. Lung cysts can cause cough, dyspnea, pleuritic chest pain, or even
hemoptysis [4]. If lung cysts compress airways, they can cause post-obstructive
pneumonia or atelectasis. Cystobronchial fistulae can cause patients to cough up
contents of the cyst, which is characteristically described as “salty water and grape
skin,” and can even lead to aspiration. Cystobronchial and cystopleural fistulae can
lead to pneumothoraces [9].

Under 10% of patients with echinococcal disease develop complications such
as compression, rupture, or superinfection [6]. Rupturing of the cyst can cause
significant challenges and often lead to clinical symptoms as the antigens are
released and recognized by the immune system. In a contained rupture, the peri-
cyst is still intact, but the endocyst is torn, and the cyst remains the same size on
imaging. In a communicating rupture, the endocyst is torn, and the cyst contents
may be released into fistulae within the pericyst. On imaging, a contained rupture
appears smaller than previously imaged, with the addition of a now mobile mem-
brane. A direct rupture is when both endocyst and pericyst are torn and there is
direct communication of cyst contents with the outside space, and this often leads
to disseminated echinococcal disease [4]. The protoscolices of active cysts can
infect other organ systems to cause secondary or disseminated disease. Rupture
into the biliary tract can cause cholangitis. Anaphylaxis can be seen when the
cysts suddenly rupture, due to type 1 hypersensitivity reaction to the antigens [4,
9]. Rupture into the systemic circulation can cause embolic disease [9]. Bacterial
superinfection is another not uncommon complication; it is estimated that 7.3% of
all cysts become superinfected, which is a cause of significant morbidity in hyda-
tid disease [4].

Alveolar echinococcal disease, caused by E. multilocularis, behaves differ-
ently than cystic echinococcus. It is more aggressive and has been described as
behaving similarly to a malignancy. Its incidence is estimated at about 0.02 to
1.4/100,000 worldwide [6]. Its mortality rate is much higher than CE, estimated
to be greater than 90% after 10-15 years if untreated, as compared to untreated
CE, which is estimated to be 2-4% [10]. Torgerson et al. provide similar numbers
of estimated 29% survival at 10 years and 0% survival at 15 years [8] though sur-
vival rates have improved over the years. The major predictor of survival in these
studies was earlier diagnosis. For patients diagnosed in 2005, survival has now
increased to about 90% for men and 94% for women [8]. Alveolar echinococcus
(AE) almost always affects the liver and most commonly the right lobe [10]. It
does not form cysts, and the larva directly invades surrounding tissue. It also
remains clinically silent for many years. It is estimated to manifest with jaundice
in 33% of cases and abdominal pain in another 33%, and the other 33% are found
incidentally during other workup [10].
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Diagnostic Considerations

Diagnosis of echinococcal disease can be challenging but relies on clinical and epi-
demiologic history and imaging, with serology as an adjunct. The differential diag-
nosis for echinococcus depends on the stage of cyst and appearance on imaging but
can include simple cysts, cystadenomas, and metastases [9]. Brunetti et al. outline
case definitions, with a possible case defined as clinical or epidemiologic history
plus imaging findings or positive serology. A probable case has clinical history,
epidemiologic risk factors, consistent imaging, and positive serology on two tests
(usually a highly sensitive antibody then confirmed by a highly specific antibody).
A confirmed case is a probable case with the following criteria: either protoscolices
seen in cyst fluid or changes in ultrasound imaging spontaneously or after medica-
tion. Clinical criteria include a cyst seen on imaging, anaphylaxis from a ruptured
cyst, or an incidentally found cyst [10].

Imaging

Ultrasound remains the cornerstone of diagnosis, staging, and follow-up for
CE. Computed tomography (CT) is less useful than magnetic resonance imaging
(MRI) as a secondary imaging modality [9]. Secondary imaging (MRI) is recom-
mended if there is sub-diaphragmatic disease, disseminated disease, extra-abdominal
disease, or complicated cysts with suspected abscess or fistulae [10]. For AE, ultra-
sound also is the imaging modality of choice, especially since the disease is primar-
ily abdominal. However, as opposed to the staging approach described below for
CE, AE is described similar to malignancy with a PMN staging system denoting
involvement of other organs and metastases [10].

The WHO informal working group on echinococcus created a stage approach for
CE based on ultrasound findings. They grouped the cysts into four different classes:
active, transitional, inactive, and undefined [1]. The WHO classification is similar to
prior classification systems such as Gharbi’s, with some key differences: the order
of CE2 and CE3a is reversed, a new CE3b grouping was created, and the cysts are
grouped based on their activity. There is also the addition of the CL classification,
which is undefined [11].

CE1 and CE2 cysts are classified as active [1]. CEl cysts are anechoic and
simple and have a double-line sign that is characteristic and seen more promi-
nently on ultrasound, less so on MRI or CT [9]. CEl cysts have pathognomonic
signs on ultrasound which involve a “snowflake” sign and a cyst wall that is appar-
ent [1]. CE2 cysts are multivesicular and often have multiple septae [9]. As a
result, on ultrasound they can appear “wheel-like,” “rosette-like,” or “honeycomb-
like” [1].

C3a and C3b are both transitional stages of cyst where the membranes are degen-
erating and set apart in that CE3a is liquid where CE3b is mucinous or solid [9].
CE3 has a pathognomonic “water-lily sign” seen on ultrasound which represents the
endocyst that has become detached [1, 9]. C3b cysts often have daughter cysts but



7 What a Surgeon Needs to Know About the Diagnosis and (Medical) Treatment... 113

have solid content as stated above, and these daughter cysts are often not visualized
on CT and therefore can be misclassified [9].

CE4 can be described as “ball of wool” which is the appearance on ultrasound of
the collapsing membranes [1]. They are solid and heterogeneous in appearance with
the characteristic degenerating membranes, which can often be missed on CT. As a
result, these cysts can be mistaken for active CE1 cysts [9]. CES is characterized by
a thick, heavily calcified wall [1]. This is the only stage where the cyst characteris-
tics are better seen on CT rather than ultrasound [9].

Stojkovic et al. conducted a retrospective analysis of patients with abdominal CE
and studied 107 patients with 187 cysts. They compared the agreement coefficient
for WHO staging between CT and MRI, and the agreement coefficient was lower
for CT than for MRI for stages CE1 to CE4. However in stage CES5, CT was better
than MRI [12] probably due to ability of seeing calcification better on CT than MRI.

This staging approach has implications for treatment as the imaging findings cor-
relate with activity of the cyst. Hosch et al. conducted a metabolic viability assess-
ment of cysts. The gold standard of determining viability is injection of cyst material
or fluid into mice and resulting development of echinococcal disease. Alternative
methods such as light microscopy have been used, and Hosch’s group utilized the
technique of proton magnetic resonance spectroscopy. They found that the WHO
staging was mostly associated with viability of cysts. They found CE4 and CES
cysts were usually nonviable, whereas many CE1 and CE2 cysts were viable. CE3a
cysts tended to be viable and nonviable in equal proportion, whereas CE3b cysts
tended toward being more viable. They also found that albendazole therapy inter-
fered with cyst viability [13].

Solomon et al. also looked at reliability of the WHO classification and found
high rates of intra-observer reliability and very high rates of inter-observer reliabil-
ity for pathognomonic signs [14]. This staging approach is routinely used to guide
management but has been slow to become adopted in certain regions of the world.
Solomon et al. looked at the literature in the last 15 years and found that publica-
tions utilizing the WHO classification have increased over time, from <50% from
2004 to 2010 to as high as 96% in 2017. There is a significant amount of regional
variation, where European, North American, and South American publications
often use WHO classification, whereas the rates are much lower in publications
from Africa. This does suggest that the WHO classification is becoming more uti-
lized over time [14].

Ultrasound is also effective as a screening tool. Del Carpio et al. screened 1054
children in the Rio Negro area of Argentina, and sensitivity was 100%; specificity
was 95.6% [15].

Serology and Laboratory Testing
Serology should be used as an adjunct to imaging in the diagnosis of echinococcal

disease. Very early, active cysts can have negative serology since the endocyst is
tightly sealed and prevents antigens from crossing and being recognized by the
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immune system. Later stages of cyst with calcified walls can also be seronegative
for the same reason: the calcified wall prevents antigens from being exposed to the
immune system [9]. Cyst rupture can be the only time when the antigens are exposed
to the host immune response [9]. Moreover, cysts in protected sites such as the brain
or eye often have negative serology [2]. It is also thought that the laminated layer
has complement avoidance mechanisms; pathology has often showed a non-
inflamed layer of tissue adjacent to the hydatid cyst [5].

Significant gaps remain in testing, including lack of standardization in different
methods of testing, for example, antigen preparation [2]. False positives can also
occur with some methods if the serology cross-reacts with other cestodes or other
antibodies. Antibody titers are not reliable in detecting recurrence as it can remain
elevated even after cystectomy [2].

In the United States, a Western blot for antibodies is available through the
Centers for Disease Control (CDC) [6]. Serology is thought to be 80-100% sensi-
tive and 88-96% specific for liver cysts. Test characteristics drop off significantly
for extrahepatic disease, with only about 50-56% sensitivity for lung cysts and
20-56% sensitivity for disease in other organs [6]. Sarkari et al. looked at the lit-
erature and found rates of negative serology from 15% to 37.5%. They remark
upon one study of pulmonary disease, where unruptured cysts had 80% positive
serology [2].

Hydatid cyst fluid, or HCF, is the most common source of antigens for serology
testing. The fluid includes components both from the parasite and host proteins.
Antigen 5 has been studied heavily, as it is one of the most immunogenic compo-
nents. However, it unfortunately has high rates of cross-reactivity with normal
blood and other helminths, including tapeworms, flukes, and roundworms.
Sensitivity appears to be approximately 50%. Newer studies with purified antigen
5 may have better specificity. Antigen B is the main antigen of HCF and very
specific and sensitive for CE. Immunoblot can be 100% sensitive and 80% spe-
cific and enzyme-linked immunosorbent assay (ELISA) 92.5% sensitive and 97%
specific. Recombinant AgB testing performance appears similar to that of native
AgB. They have also found that the test has improved characteristics when AgB
is derived from sheep and humans, as opposed to other intermediate hosts.
Combination of AgB and Ag5 testing was studied in one report with 96.8% sensi-
tivity and 87.5% specificity but unfortunately cross-reacted with other cestodes
and even normal blood. However, free antigen testing alone is less sensitive than
antibody testing, in part because it may be trapped in the cyst and also because
circulating free antigen may be bound in immune complexes and not detectable
by assay [2].

Interestingly, different antigen immunoblots are correlated with disease activity
and stage of cyst. Mariconti et al. looked at patients with hepatic cysts, healthy con-
trols, and patients with other helminths. They found distinct patterns of bands for
AgB and Ag5 that differentiated CE1, CE2, CE3a, C3b, and CE4/5 cysts [16].

Unfortunately, traditional antibody testing performs poorly. Different stages of
immunoglobulin G (IgG) are associated with activity of the cyst. Immunoglobulin
G (IgG) is associated with the growth and development of the cyst, where I1gGl1,
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1gG2, and IgG3 are associated with the involutive phase. I[gG4 may be more sensi-
tive in relapse. Immunoglobulin G (IgG) subclasses have been shown to be more
correlated with disease activity than IgG alone [2].

These poor test characteristics also make serology unhelpful for follow-up. As
stated previously, antibodies may be positive for years. One study has reported that
antibodies to AgB disappeared 3 months after therapy; hence additional studies will
be needed to confirm whether this may be helpful in monitoring for response to ther-
apy [2]. Stojkovic et al. looked at recombinant antigens EgP29 and 2B2t in follow-up
of surgically treated patients. Unfortunately, the rates of positivity of these tests at the
beginning of monitoring were only around 34-60%, and these tests did not turn posi-
tive in the setting of relapse, making them unreliable markers for follow-up [17].

Other laboratory abnormalities are also not reliable. Liver function tests (LFTs)
have low sensitivity and are only elevated in 40% of patients. Of these, alkaline
phosphatase elevation is seen most commonly. Eosinophilia is seen in only up to
40% of patients — again because the parasite is sealed in the endocyst leading to a
minimal host response [4].

In AE, serology is more reliable, and serology using E. multilocularis antigens is
estimated to have a sensitivity of 90-100% and specificity of 95-100%. Antibodies
drop quickly after surgery and may be more useful for follow-up than in CE [10].

Therapeutic Considerations

There are four main approaches to treatment in CE: chemotherapy, surgery, percu-
taneous intervention, and the watch and wait approach. Choice of treatment is dic-
tated by staging and cyst size, as outlined in the WHO model; see Fig. 7.1, Approach
to treatment. For CE1 and CE3a cysts greater than 5 cm, puncture-aspiration-
injection-reaspiration (PAIR) plus albendazole therapy is recommended, whereas
for smaller CE1 and CE3a cysts less than 5 cm, albendazole alone is often suffi-
cient. CE2 and CE3b cysts should be intervened upon with percutaneous therapy
(catheterization, non-PAIR) with albendazole or surgery with albendazole therapy.
Surgery is recommended for almost all large cysts greater than 10 cm in all active
and transitional stages (CE1, CE2, CE3a, CE3b). CE4 and CES5 cysts should be
observed with no intervention or medical therapy, regardless of size [1, 9-11].

Chemotherapy

Benzimidazoles first became available in the 1970s, starting with mebendazole
(MBZ). When this was used, very high doses were needed due to poor absorption.
Attention turned to albendazole (ABZ) with studies being conducted in the 1980s
for treatment of echinococcal disease. Albendazole (ABZ) is also poorly absorbed,
similar to MBZ, and requires food for improved bioavailability [18]. Absorption
ranges from 5 to 20%, with the first-pass metabolism in the intestinal wall, and is
mostly metabolized by the time it reaches the bloodstream [11]. However, one
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- Early Rx Late Rx Very late Rx No Rx -

CE1

CE3a

CE2

CE3b

D Benzimidazoles (possibly higher efficacy)

Benzimidazoles (possibly lower efficacy)

D PAIR

Surgery/(continuous catheter drainage [CE1, CE3a],
large-bore catheter [CE3a, CE3b, CE2])

D Watch & wait

CE4

CE5

Fig. 7.1 Approach to treatment [50]. (Reprinted with permission)

advantage of ABZ over MBZ is that its metabolite, albendazole sulfoxide, is also
antihelminthic. Intermittent dosing of ABZ was initially used given concern for
adverse effects and that the drug may be mutagenic, and several older studies there-
fore used intermittent dosing strategies. However, one center in Italy has been using
continuous dosing of ABZ with no increase in adverse effects seen, so intermittent
dosing has fallen out of favor [18]. Standard dosing now is 400 mg twice daily [6].
Early data from the 1980s showed that there was a 39% successful response rate to
ABZ. After review of the literature, Horton estimated ABZ had a 32.7% cure rate
for liver cysts and 39.5% cure rate for lung cysts [18].

Stojkovic et al. conducted a systematic review where they analyzed 612 patients
in the literature with 1159 liver and peritoneal cysts. Inactive cysts were defined as
cysts in stage CE4 or CES or if cysts had resolved on imaging. In active CE1 cysts,
50-75% of those cysts resolved with ABZ therapy. Only 30-55% of CE2 and CE3
cysts resolved with therapy. A Cox proportional hazards model showed that CE1
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responded better to medical therapy than CE3 after 1 year, p = 0.04. They also strati-
fied by size and found that cysts smaller than 6 cm were more likely to respond
to medical treatment (p = 0.006 in Cox proportional hazards model). However, 25%
of treated cysts became active within about 18-24 months. It was estimated that
after 2 years, about 40% of cysts had failed medical therapy and were likely still
active or had relapsed [19]. This again supports the staging approach and choosing
medical therapy for smaller, active cysts as recommended by WHO guidelines.

There have been very small, randomized controlled trials examining albendazole
use versus placebo in CE [20, 21]. Gil-Grande et al. conducted a 3-arm trial with 18
patients as a control, 18 patients receiving 1 month of ABZ therapy, and 19 patients
receiving 3 months of ABZ therapy. They did comparison ultrasounds before and
after therapy, and all patients underwent surgery, with the cyst fluid being injected
into mice to determine the viability of the protoscolices. The average cyst size or
number of patients with greater than one cyst did not vary significantly among the
three arms. Results showed that 50% of the control cysts were nonviable, compared
to 72% of cysts treated with 1 month of ABZ and 94% of cysts treated with 3 months
of ABZ. Both protoscolex and cyst viability were significantly reduced in treatment
arms compared to the control arm (p = 0.039 and p = 0.018, respectively). 68% of
cysts treated for 3 months showed changes on ultrasound [20]. Keshmiri et al. con-
ducted a randomized controlled trial of 29 patients with 240 cysts that received ABZ
(cyclical dosing) versus placebo and looked at radiographic evolution. 82% of cysts
in the treatment arm had cure or improvement versus 1% of control cysts that had
improvement; none of the control cysts had cure [21].

A longitudinal series by Nahmias looked at 68 patients with CE who were treated
with ABZ on a cyclic schedule. 41% of liver patients were cured, 17% showed
improvement (which was defined as a contraction of the cyst), and 15% had no
change. 72% of lung cysts were cured, whereas 18% had no changes. They observed
recurrence of cysts at a very low rate, in 0.03% of patients [22].

Liver function test (LFT) abnormalities are seen very commonly in treatment of
CE with ABZ, reported up to 20% [18]. However, it has been observed that elevated
LFTs were associated with treatment efficacy; moreover, LFTs would not necessar-
ily continue to worsen on treatment. As such, it has been hypothesized that the LFTs
are not true drug adverse effect, but instead inflammation and an immune response
after albendazole destroys the cyst and antigens are being presented [18].
Albendazole (ABZ) also can suppress bone marrow and cause pancytopenias [18].
Albendazole is thought to be teratogenic, but these effects have not been seen in
women thus far exposed in the first trimester [18, 23]. Bradley and Horton reviewed
case series and other series conducted in West Africa and South Asia. At the time of
their writing, ABZ had been available for 20 years, but there were no reports of birth
defects or adverse maternal-fetal outcomes associated with ABZ. However, it is still
recommended that its use be avoided during pregnancy [23]. Alopecia is also seen
in 1-5% [11] as the hair is particularly sensitive to the anti-tubulin effects of alben-
dazole. Given the above effects on laboratory testing, it is recommended to have
complete blood cell count (CBC) and LFTs obtained at baseline, at days 5, 14, and
28 of therapy and then every other week through course of therapy [9].
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In terms of metabolism of ABZ, its absorption is increased when taken with
food, particularly a fatty meal. Taking ABZ with fatty food has been shown to
increase drug levels by a factor of five [18]. It is thought to be metabolized by cyto-
chrome P450 (CYP) enzymes. Nagy et al. looked at serum concentration of its
metabolite, albendazole sulfoxide, when given with water, a fatty meal, grapefruit
juice, and grapefruit juice with cimetidine (both CYP enzyme inhibitors). Serum
concentrations were 6.5 times higher with a fatty meal when compared to taking it
with water and 3.2 times higher with grapefruit juice, both statistically significant.
The serum concentration was lower when taking ABZ with grapefruit juice and
cimetidine than taking it with grapefruit juice, by 46%. The area under the curve
was 9.4 times higher with a fatty meal and 3.1 times higher with grapefruit juice,
both statistically significant. A similar reduction in AUC was seen when taking ABZ
with juice plus cimetidine versus juice alone [24].

There may be a role for combination therapy with praziquantel (PZQ) to be given
in addition to albendazole, but this has not been studied in randomized clinical trials
[3], and there are currently no recommendations on duration or dosing. Praziquantel
(PZQ) has greater than 80% bioavailability, which is improved when administered
with food. It undergoes first-pass metabolism in the liver and is generally well toler-
ated with few adverse side effects [25], most commonly gastrointestinal symptoms
and upset [3]. Homeida et al. looked at the pharmacokinetics when administering
PZQ and ABZ concurrently; they found that the area under the curve of ABZ metabo-
lite was 4.5 times higher when given with PZQ, 8 times higher when given with food,
and 12 times higher when given with PZQ and food [26]. Of note, PZQ concentrations
did not seem to be affected by ABZ [26]. Bygott and Chiodini reviewed the data on
praziquantel thus far at time of publication (2009), and in vitro studies have shown
that PZQ has protoscolicidal activity and is usually more effective in smaller cysts. In
combination therapy with ABZ and PZQ, an increased rate of nonviable protoscolices
has been reported than compared to treatment with ABZ alone. They found similar
reports of the pharmacokinetics of combination therapy as Homeida et al., where lev-
els of the active ABZ metabolite were higher in combination therapy than ABZ alone.
However, they concluded there was not adequate data to fully support the use of PZQ
and no data for frequency or duration of its use in echinococcal disease [25].

Alvela-Sudrez et al. conducted a retrospective observational study of 57 patients on
combination therapy with ABZ and PZQ in Spain. 81% of the patients they observed
had complications of hydatid disease, such as compression, superinfection, or fistula
formation. Patients were on standard dosing of ABZ 400 mg twice daily along with
varying doses of PZQ from 20 to 75 milligrams per kilogram per day. Average length
of treatment duration was 68 weeks, and 65% of patients received more than 1 year of
combined therapy. Only 14% of patients had adverse effects, most commonly gastro-
intestinal side effects such as stomach upset, nausea, vomiting, and diarrhea. These
were also reversible after discontinuation of combination therapy or after discontinu-
ation of PZQ. The authors also mention possible combination therapy with
nitazoxanide, another antihelminthic agent, but this needs to be studied further [3].

Besides the stage-specific approach mentioned above, indications for medical
treatment include multiple cysts in the lung or liver, especially those that may be
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inoperable [4, 5]. Other indications include multiple cysts in two or more organs and
peritoneal cysts or disseminated disease [10]. Contraindications to medical treatment
include large cysts that are at high risk of rupture, treatment in early pregnancy, treat-
ment of inactive cysts, or pre-existing liver or bone marrow disease (which can be
exacerbated by effects of albendazole) [4, 9]. Albendazole (ABZ) also has a role as
adjunctive therapy for percutaneous treatment or surgery to reduce risk of dissemi-
nated disease during intervention and decreased viability of the cysts before inter-
vention [4, 18]. Preoperative treatment for 1 to 3 months before intervention reduces
number of cysts found intraoperatively [6]. Preoperatively, albendazole is recom-
mended at a minimum 3 days before, for 4 to 8 weeks postoperatively for uncompli-
cated cysts, and up to 3 to 6 months postoperatively for complicated cysts [4].

Albendazole (ABZ) is recommended to be used for 1 month after PAIR to pre-
vent secondary echinococcosis [18]. Smego et al. conducted a meta-analysis of
PAIR with either albendazole or mebendazole given 1 week before and 4 weeks
after drainage. They looked at 769 patients who underwent PAIR and either ABZ or
MBZ therapy versus 952 matched controls who underwent surgery. There was a
statistically significant higher rate of cure in the PAIR plus chemotherapy group
(p <0.0001), with 95.8% cure rates in the PAIR plus chemotherapy group versus
89.9% in the surgery group. The recurrence rate was also significantly lower in
PAIR plus chemotherapy (1.6%) versus surgery (6.3%, p <0.0001). They also noted
an increased rate of major complications and longer hospital stays in the surgery
group [27]. Arif et al. looked at ABZ as an adjuvant to standard surgical manage-
ment from patients at one institute in India. The patients were sorted into four
groups: those who underwent surgery alone, those who underwent 8 weeks of pre-
operative ABZ then surgery, those who underwent 8 weeks of preoperative and
postoperative ABZ, and those who had surgery and then 8 weeks postoperative
ABZ. At the time of surgery, 97% of medically untreated patients had cysts, com-
pared to 9% of those receiving preoperative ABZ (p < 0.01). Recurrence was high-
est in the surgery alone group and lowest (0%) in the group that received pre- and
postoperative ABZ [28].

Albendazole (ABZ) in AE is essential to therapy and is used in all stages of dis-
ease. Albendazole (ABZ) therapy is used as an adjunct after surgery for as long as
2 years, even in those patients undergoing transplant, due to the possibility of resid-
ual disease. In those patients that do not undergo surgery or other intervention,
chemotherapy is lifelong. Preoperative ABZ is only recommended in advance of
liver transplantation, but not for resection. Praziquantel (PZQ) is not used for
AE [10].

PAIR and Percutaneous Methods

Percutaneous methods have been shown to be most effective for moderately sized
CEl and C3a cysts [1, 9-11]. Percutaneous methods vary between puncture-
aspiration-injection-reaspiration (PAIR), standard catheterization, and modified
catheterization technique. Indications for PAIR include patients that are
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contraindicated for surgery or have relapsed after surgery. It is contraindicated in
patients younger than 3 years old [29]. An important consideration before injecting
protoscolidal agents is to ensure there are no cystobiliary or cystobronchial fistulae,
as this will cause sclerosis and irreversibly damage human tissue. Of note, contrast
or dye studies sometimes cannot reveal a fistula if the endocyst has not ruptured yet,
as the fistulae are preformed in the pericyst and only become direct communications
when the endocyst ruptures and the cyst material travels through the pericyst. The
pericyst often contains biliary vessels or bronchi [9]. Puncture-aspiration-injection-
reaspiration (PAIR) is contraindicated in cysts with fistulae [10] for this reason.
Endoscopic techniques such as endoscopic retrograde cholangiopancreatography
(ERCP) are often used preoperatively in surgical patients and/or in patients under
consideration for PAIR to help determine if fistulization is present [30]. Additional
contraindications to PAIR include cysts that have ruptured into the peritoneum or
superficial cysts at risk of rupturing into the abdominal cavity [11]. Continuous
catheter drainage is thought to be best for cysts larger than 10 centimeters [10] and
other percutaneous methods for cysts that have relapsed after PAIR [11]. Puncture-
aspiration-injection-reaspiration (PAIR) is also not helpful for spinal or paraspinal
cysts [11]. Brunetti et al. looked at nearly 3000 patients who underwent percutane-
ous drainage and found complication rates as follows: anaphylaxis leading to death
at 0.05%, major complications (such as death, secondary echinococcal disease from
contamination, sclerosis) at 0.38%, and recurrence rates at 1.27% [11].

Khuroo et al. conducted two studies looking at percutaneous therapy versus med-
ical therapy or surgery for hepatic cysts [31, 32]. In the randomized study with
hepatic cysts receiving percutaneous drainage versus albendazole therapy, all cysts
with percutaneous drainage had significant changes in size and in ultrasound char-
acteristics compared to ABZ alone. The maximum reduction in size was seen in
cysts that were percutaneously drained followed by ABZ treatment, p < 0.05 [31].
Their group also compared outcomes of percutaneous drainage to surgery in uncom-
plicated hepatic cysts. The final cyst diameter was not significantly different between
both groups (p = 0.2), and cyst resolution was also similar in both groups (p = 0.29).
However, there was a significant increase in complications in the surgical group
(p < 0.001) [32]. These trials showed that percutaneous drainage in experienced
hands could be more effective in some cysts than albendazole and as efficacious and
safer than surgery in the studied populations.

Additional centers have published their experience with percutaneous treatment
noting that this treatment modality is safe and effective. Yagci et al. looked at one
center in Turkey of 355 patients with 510 liver cysts between 1992 and 2003 that
either underwent open surgery, laparoscopic surgery, or percutaneous therapy.
Recurrence rates were significantly higher for open surgery than laparoscopic or
percutaneous methods [33]. Giorgio et al. published data after following patients for
11 years from 1988 to 1999 with median follow-up time of 48 months. These
patients had double percutaneous treatment with alcohol, with no reaspiration.
Inactive cysts were excluded from treatment. They observed 47% of treated cysts
resolved and 45.8% of treated cysts then became solid (thought to be transitioning).
The relapse rate was around 5%. Their overall morbidity rate was 9%, and mortality
rate was 1.3% [34].
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Two observational studies have shown that PAIR is not optimal treatment for CE2
and CE3Db cysts and larger active cysts [35, 36]. Akhan et al. looked at 73 patients with
CE2 and CE3b cysts that underwent percutaneous treatment from 1991 to 2008. Equal
proportions were treated with PAIR, standard catheterization, and modified catheter-
ization. Rates of recurrence were much higher in PAIR (47.8%) versus standard cath-
eterization (3.8%) and modified catheterization (3.8%), and this difference was found
to be statistically significant with a p < 0.05 [35]. Golemanov et al. looked at 230
patients with 348 cysts treated with PAIR that were followed for 12 months. 77.6% of
cysts showed some obliteration. All CE1 and CE3a cysts showed some degree of
obliteration, whereas the cysts that had no change in size/structure were all CE2 and
CE3b. They also observed that 11.5% cysts needed repeat PAIR or aspiration, and
these all ended up being CEI cysts that were larger than 10 cm [36]. This supported
the hypothesis that PAIR is inadequate for CE2 and CE3b cysts as well as large CE1
cysts, and other percutaneous methods should be pursued for treatment.

Men et al. looked at catheterization of 15 large abdominal cysts, which were
classified as large if the estimated volume of a cyst was greater than 15 cm in diam-
eter. They did not see recurrence in any cases with a mean follow-up time of
53 months [37].

Radiofrequency thermal ablation has been attempted as treatment, but unfortu-
nately most cysts relapsed, so this is not recommended [11, 38].

Surgery

Surgical treatment of liver cysts has been quoted to have a morbidity rate of 32%, a
mortality rate of 8%, and a relapse rate around 20%. Morbidity and mortality for
surgical intervention of lung cysts are estimated around 0-13% and 0-5%, respec-
tively. Surgery is the treatment of choice for large cysts, cysts in certain locations
(such as bone or heart), and complicated cysts that can rupture, are superinfected, or
have fistulization [10, 11].

Surgical approaches vary between conservative (partial cystectomy) and radical
(total cystectomy, hepatectomy, or other tissue resection). Georgiou et al. observed
232 patients in Greece who underwent either total pericystectomy or hepatectomy
or partial cystectomy and found no difference in mortality between groups undergo-
ing total or partial cystectomies. Recurrence rate was slightly higher in the partial
cystectomy group at 3 years [39]. Radical procedures generally have a higher risk
intraoperatively but a lower rate of relapse, whereas conservative procedures are
safer intraoperatively but have a higher rate of relapse [29].

To prevent secondary spread of echinococcus from accidental spillage, the sur-
rounding tissues in the surgical field should be protected with towels soaked in
protosolicidal agents (such as hypertonic saline) that will inactivate the cyst content
[9, 10]. Adjuvant medications should also be administered as described above. The
residual cavity, if left behind such as in partial pericystectomy, also poses a risk for
infection or fistulization [11]. This cavity also needs to be treated; options in the
liver include suctioning and filling it with omental tissue and in the lungs suturing
or using capitonnage to close the cavity [11].
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In AE, resection of all the infected tissue is treatment of choice and has been
associated with increased survival [8, 10]. Torgerson et al. looked at survival curves
in Switzerland and found that those who underwent radical resection had increased
survival rates compared to those who did not [8].

Watch and Wait

Several cohort studies have shown that the watch and wait approach is safe for inac-
tive cysts and that these cysts (CE4 and CES5) have very low rates of reactivation
[40-43]. Piccoli et al. looked at a cohort of 38 patients with liver cysts from March
1994 to October 2013; these patients had inactive cysts and had not previously
received any chemotherapy. They were followed for at least 24 months (though the
median follow-up time was 52 months). Of these cysts, 97.4% remained inactive
during follow-up. Serology was not found to be a reliable marker of inactivity of the
cysts [40]. Stojkovic et al. hypothesized that medically induced inactive cysts
behaved differently than naturally inactive cysts. They looked a prospective cohort of
223 patients and defined relapse as going from CE4 or CES5 back to an active stage.
They had two groups — watch and wait, which contained 30 patients with 46 inactive
cysts who had never previously received chemotherapy, and a medication group with
15 patients with 17 cysts. There were no relapses in the watch and wait group; how-
ever, half the cysts (8/17 or 47%) in the medication group relapsed. These cysts
mostly moved to CE3b stage. Their interpretation from this cohort study was that
cysts that become inactive with chemotherapy do behave differently than naturally
progressed inactive cysts with higher rates of relapse. They suggested a time period
of 5 years for follow-up for inactive cysts based on their experience [41].

Rinaldi et al. looked to see whether the watch and wait approach could be applied
to C3b cysts, studying retrospective data of 60 patients with this cyst stage over
27 years. There was no association between the approach (watch and wait) and
relapse with a p = 0.09, and no difference in the rate of complications. Their conclu-
sion was that watch and wait may be an option if CE3b cysts are asymptomatic and
not able to be surgically removed [42]. Lissandrin et al. recently released an update
in 2018 to add to their prior report from 2014. They analyzed 53 patients from 1991
to October 2017 with CE4 or CES liver cysts who had never received treatment and
had to be followed by ultrasound for at least 24 months. Of these patients, 98.5%
remained inactive, and 1.9% (only one patient) had reactivation of one cyst [43].

Follow-Up

Follow-up varies depending on the intervention. Generally ultrasound is the method
of choice and recommended every 6 months for the first 2 years and then annually
if stable. Up to a 10-year period of follow-up is recommended given the possibility
of relapse [4, 11]. As mentioned previously, serology is not helpful in this context
[4]. Also of note, after intervention, ultrasound should be conducted to establish
a baseline and discern postoperative changes from recurrence [9].
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Management of Complicated Hydatid Disease

Complicated echinococcal disease often requires a different approach, with surgical
intervention most commonly utilized as the preferred strategy. Symeonidis et al.
conducted a retrospective study looking at 227 patients with 322 liver cysts between
1980 and 2010. Complicated cysts were classified as those that had intrabiliary
rupture, intrabronchial rupture, intraoperative diagnoses of peritoneal perforation,
or cyst fluid that was bile-stained (suggestive of biliary communication) or purulent
(secondarily infected). The most common complications observed were intrabiliary
rupture, followed by superinfection of cysts. They found a similar rate of medical
complications between complicated and uncomplicated cysts, but there was a sig-
nificantly higher rate of surgical complications in the complicated group (p =0.011).
However, the mortality rate was similar as well as length of hospitalization. They
recommended indications for endoscopic retrograde cholangiopancreatography
(ERCP) to include acute cholangitis and if hydatid material is found in the biliary
system [44].

Endoscopic retrograde cholangiopancreatography (ERCP) plays an important
role in the management of complicated hydatid cyst disease, particularly in the
management of intrabiliary rupture. Dolay and Akbulut reviewed the role of preop-
erative and postoperative ERCP in these cases. Diagnostic preoperative ERCP is
considered to examine possible communication between the cyst and biliary tree,
classified as simple/minor if there is no obstruction and therefore asymptomatic, or
major if there is obstruction. There are no recommendations for when this should be
used, but some suggest using it when the rate of communication may be more prob-
able, for example, in disease with large or multiple cysts. It should also be used
when PAIR reveals presence of bile-stained cystic fluid. The authors do not recom-
mend using preoperative diagnostic ERCP when the patient has no biliary symp-
toms and when there is no evidence of biliary obstruction or pathology on laboratory
results or various imaging modalities. In rupture, the hydatid membranes are seen in
the duodenum endoscopically, and on imaging, the membranes and cysts are seen as
filling defects. Preoperative diagnostic ERCP is limited as it sometimes cannot
detect minor communications and can miss rupture, obstruction, or cysts in the
intrahepatic ducts [30].

Endoscopic retrograde cholangiopancreatography (ERCP) and sphincterotomy
are also helpful therapeutically in intrabiliary rupture [30]. Data is mixed on whether
they decrease rates of fistulization. One advantage is treatment of obstruction, which
allows for surgery for removal of the cyst to be elective instead of emergent. In some
cases, they have seen cure rates of 25% in patients with rupture who no longer
require surgery thereafter. Small case series have shown high rates of success with
ERCP, and the authors of the study also have high cure rates with a modified proce-
dure of drainage and ERCP. Endoscopic retrograde cholangiopancreatography
(ERCP) also has a therapeutic role postoperatively to treat complications such as
fistulae and strictures. Fistulae are the most common postoperative complication,
with rates as high as 50-63%, and are defined as persisting 10 days postoperatively
(before 10 days it is classified as postoperative drainage). Endoscopic retrograde
cholangiopancreatography (ERCP) is recommended to treat fistulae and
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particularly earlier in the course if there is a large amount of drainage or the drain-
age is persistent and not dropping off, suggesting that spontaneous resolution will
be less likely [30].

Dziri et al. conducted a systematic review of complicated and disseminated cys-
tic disease. In terms of liver cysts that have ruptured into the biliary tract, they were
only able to examine retrospective data, which supported the use of ERCP or intra-
operative cholangiography to remove cyst fluid and contents from the biliary tree
[45]. This approach for ERCP is also recommended by Stojkovic [9]. Literature also
supported 3 months of antihelminthic therapy post-procedurally. They found that
ERCP and preoperative endoscopic sphincterotomy can decrease fistulization from
11.1% to 7.6%. Options for treatment of cystobiliary fistulae include suturing, cre-
ating a tract through the skin for drainage, or transfistulary drainage. For liver cysts
in the thorax with bronchobiliary fistulae, surgical treatment is recommended. For
cysts found in the spleen, lung, bone, and heart, surgical approaches are recom-
mended but vary from cystopericystectomy for CE in the heart to splenectomy for
multiple, large CE in the spleen [45].

Prousalidis et al. conducted a retrospective review of 44 years of experience with
infected cysts in Greece. They identified 16.8% of CE cases had superinfected cysts.
90% of these patients had partial pericystectomy, whereas the other 10% had a cys-
topericystectomy. Microbiologic diagnosis was available in 61 out of 77 cases; most
commonly isolated organisms were Enterobacter spp. in 23%, followed by
Pseudomonas, E. coli, Proteus, and Klebsiella. Notably, in 34% of these, no organ-
isms were isolated. Their postoperative complication rate was 19%, and their recur-
rence rate was 6.5%, but they did not find any correlation between recurrence
and use of antihelminthic therapy, type of procedure, or number or size of cysts.
Based on their review, they recommended open surgery for treatment of infected
cysts to minimize the risk of spillage and contamination of infected material to other
areas but preferred conservative approaches over radical ones [46].

Future Developments

Vaccines are in development for prevention of echinococcal disease in both defini-
tive and intermediate hosts [4, 47-49]. A pilot field trial of the EG95 vaccine in
sheep in Argentina found that after vaccination, the prevalence decreased from 56%
to 21% over 6 years (p = 0.03). Moreover, there were fewer cysts per animal after
vaccination as compared to controls [47]. Zhang et al. vaccinated dogs and found
that these were 97-100% effective in preventing worm growth and egg production
[48]. Heath et al. conducted studies of vaccines with recombinant EG95 in sheep
and cattle in parts of China, Argentina, and New Zealand. They found greater than
85% immunity after two injections and greater than 95% after three injections [49].
Prior public health campaigns have been effective in eradicating echinococcal dis-
ease from Iceland, New Zealand, and Tasmania, mostly by preventing farm or at
home slaughter of sheep [4]. These new developments may one day help to eradi-
cate echinococcal disease.
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Overview

Hydatid liver disease (HLD) is a zoonosis caused by echinococcus granulosus
larvae [1]. Although it is highly prevalent in ovine breeding areas, it has become a
global disease owing to population migration from endemic to nonendemic coun-
tries [2]. Dogs are definitive hosts for E. granulosus, with sheep being the major
intermediate host (yaks, goats, and camels are other relevant intermediate hosts).
Man is only incidentally infected when ingesting tapeworm eggs [6]. The eggs pen-
etrate the intestinal wall, with the resulting larvae infiltrating the blood and lym-
phatic circulation system. Then, through the portal vein into the liver, lungs, and
other tissues, the larvae develop into hydatid cyst [7, 8]. The liver is the most fre-
quent site for the cystic lesions (52-77%) [6, 8, 9].

The disease course is typically slow growth rate (I-5 mm per year), and the
patients tend to remain asymptomatic for many years [5, 10]. Often the diagnosis is
incidental [11]. Some patients present with vogue abdominal pain. Others present
with complications such as intraperitoneal leakage, anaphylaxis, cholangitis, and
rupture to adjacent structures (i.e., biliary or bronchial tree) [8]. While most HLD
patients have a single cyst, 20-40% tend to harbor multiple cysts [10].

Diagnosis

Many HLD cases are asymptomatic for years, and diagnosis is still challenging due to
the absence of pathognomonic signs. For this reason, it is frequently underdiagnosed
and detected only incidentally or when complications arise [11]. Diagnosis and
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Fig. 8.1 Comparison of Gharbi’s and WHO-IWGE ultrasound classification [4]

follow-up of HLD patients are mainly based on imaging techniques. Serological tools
supporting imaging techniques would be desirable. However, the available tests are
based on antibodies against crude antigens and thus marred by poor sensitivity and
specificity, with low or no usefulness for the follow-up of patients during the treatment.
Ultrasonography (US), a noninvasive, readily available, sensitive, and cost-effective
imaging technique, should be diagnostic method of choice. Several classifications have
been proposed for ultrasonic images: Gharbi and WHO-IWGE classifications are the
most frequently used (Fig. 8.1) [4, 12, 13]. Computed tomography (CT) is a helpful
tool for confirming the diagnosis and can reveal calcified cystic walls, daughter cysts,
and exogenous cysts, as well as evaluate their volume and density. CT is essential for
planning surgical treatment [8, 14, 15]. Magnetic resonance imaging (MRI) may show
a characteristic intense rim, but it is expensive for routine use. Endoscopic retrograde
cholangiopancreatography (ERCP) may be helpful during the diagnostic evaluation.

Treatment

There are four treatment options for HLD: surgery, chemotherapy, percutaneous
drainage, and just observation. Surgery was first reported in 1820, use of benzimid-
azole was first reported in 1977, and successful percutaneous drainage was first
reported in 1985 [16—18]. The 2010 World Health Organization (WHO) expert con-
sensus has recently reported the indications for surgery, percutaneous treatment,
anti-infective drugs, and watch and wait strategy, according to the type of cysts
(based on the WHO International Radiological Classifications and the presence of
cyst complications) [4, 13].

Surgical Treatment

While surgical treatment was once the most commonly used treatment modality,
currently reserved for complicated cysts (such as cysts that develop biliary fistula or
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perforated cysts), or is applied to the cysts that contain daughter cysts (CE2, CE3b),
it is a suitable treatment option for superficial cysts that are at high risk of rupture
and cysts exerting pressure on adjacent vital organs for cases not suitable for percu-
taneous treatment [4, 19-21].

Surgical procedures for HLD aim to remove the whole parasitic cyst content and
to prevent local recurrence, regardless of the type of procedure performed [4, 21].
However, when surgery is advocated, there is a low level of evidence concerning the
type of procedure that should be performed.

Indeed, surgical treatments of HLD can be summarized as a debate between two
opposing approaches: (1) a conservative approach which is supported by general
surgeons from endemic areas that emphasize the need for a safe and reliable first-
line treatment and (2) a radical approach which is primarily supported by hepatobi-
liary surgeons that emphasized the importance of complete pericyst removal
[22-25].

Due to the controversial results of former reported studies [7], the 2010 consen-
sus states that “the more radical the intervention, the higher the operative risk, but
the likelihood of fewer relapses, and vice versa” [4].

The conservative procedures are safer and easier to perform, and it includes
removal of the cyst contents only, deroofing, and partial simple cystectomy (with or
without omentoplasty, capitonnage, marsupialization, tube drainage, or other meth-
ods for management of residual cavity) [6, 7]. Among all conservative procedures,
partial cystectomy is the best possible choice and is considered easy and safe [4,
26], but it leaves a residual cavity that theoretically exposes to specific complica-
tions [7, 25].

Surgical techniques for partial cystectomy: A J shape or a midline incision is
made. After abdominal exploration, the liver is mobilized in order to explore the
entire cystic cavity. Surgical gauzes soaked in 20% sodium chloride solution are
placed around the cyst to protect the surrounding tissues from spread of parasites
during cyst evacuation. Then, the cyst is punctured and/or incised at its most acces-
sible part (Fig. 8.2). All contents are aspirated with a large bore catheter (Fig. 8.3).
If deeply located and/or multiple cyst is existed, intraoperative ultrasonography can
be used for not to miss and left behind any cystic region. The most commonly used
protoscolicidal agent during surgery is 20% hypertonic saline. The hypertonic saline

Fig. 8.2 The cyst is punctured and/or incised at its most accessible part
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Fig. 8.3 After unroofing all contents are evacuated and aspirated with a large bore catheter

is injected to the cystic cavity and should be in contact with the germinal membrane
for at least 10 min than the cystic cavity is aspirated again. Subsequently the cystic
incision is enlarged, and cyst content is completely evacuated. The germinative
membrane is removed with forceps. The extraparenchymal part of the cystic wall is
excised with either a vessel-sealing energy device, harmonic scalpel, or an electro-
cautery. The inner surface of the cyst is brushed softly with saline-soaked gauzes. In
case of intraoperative evidence of bilio-cystic communication, no scolicidal agent
should be applied within the cyst in order to avoid sclerosis, cholangitis, and pan-
creatitis [4]. Meticulous search should be performed, and the orifice is closed using
absorbable sutures. The cut edge of the cystic wall is also oversewn with absorbable
sutures in a continuous, locked fashion to achieve hemostasis and the closure of any
bile ducts opening in this area.

Management of cystic cavity: Obliteration of the remaining cavity can be done
as the surgeon’s discretion (omentoplasty, capitonnage, drainage). Accumulation of
seroma, hematoma, or bile leakage within the residual cavity is a potential source of
infection. The omentum is an excellent tissue for obliterating internal cavities and
patching the gastrointestinal defects in cases where the formation of a closed dead
space is a concern [27-29] (Figs. 8.4 and 8.5). However, the role of omentoplasty in
the prevention of septic complications and bile leakage of the cystic cavity is con-
troversial [30, 31]. Omentoplasty has a potential to interfere with the interpretation
of follow-up imaging modalities, and it can be quite difficult for a radiologist to
distinguish between omentoplasty site and recurrent HLD.

Radical surgery refers to the removal of the cyst along with the pericystic mem-
brane (pericystectomy) and may also include liver resection if indicated figure [6].
Some surgeons suggest that, whenever possible, radical methods should be the
mainstay of surgical treatment. They claim that the advantages of radical surgery are
lower rates of early and late complications. Despite this trend, it can simply say that
there is no clear evidence, yet that radical surgery has lower early or late complica-
tion rates. There is very limited randomized controlled trial that compares radical
and conservative methods [25].

Resection of small pedunculated and peripherally placed cysts is simple and
safe, but in the majority of cases, cystectomy involves a major liver resection with
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Fig. 8.5 Filling cyst cavity with omentum (omentoplasty)

attendant increase in operative risk. Liver surgery for HLD is predominantly per-
formed by general surgeons. Surgeons who do not have extensive training and expe-
rience in liver resection should not be tempted to resect for HLD. Meticulous and
careful conservative surgery for this benign disease gives good results, and unneces-
sary operative mortality will certainly outweigh the merit of totally removing the
cyst [32].

A recent study reported a series of 103 patients with liver hydatidosis. A total of
32 patients (31%) had a liver cyst in contact with the inferior vena cava. Radical
surgery was performed in 60% of patients. In radical surgery group morbidity rate
was 35%, and mortality was 5% [33]. Liver hydatid cysts grow very slowly, and
most of them are asymptomatic. When they are diagnosed, clinicians usually rumi-
nate on the most catastrophic scenarios for this benign disease. Favoring preventive
radical surgery for the potential reduction of hydatid cyst complications does not
justify selecting over conservative methods. The incidence of the most feared com-
plications (peritoneal perforation, jaundice, portal hypertension) is almost 10%
when they occur. The mortality rate reported in the literature ranges from 0% to
6.6% [23-25, 34-37]. In the natural course of hydatid liver cyst, the mortality risk
of an undiagnosed hydatid liver cyst due to complications is approximately 0.5%. In
other words, all the treatment modalities on HLD should try to achieve an overall
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mortality less than 0.5%. Performing a radical surgery for a benign disease with a
high mortality with the aim of preventing potential complications is not acceptable
[38]. The performance of radical procedures not only demands significant expertise
in hepatobiliary surgery but also is not suitable for all HLD [39]. Propensity scoring
is a statistical technique for dealing with selection bias in observational studies [40].
In a recent study, propensity score-matched analyses were used to compare conser-
vative and surgical procedures in an experienced hepatobiliary surgical unit and to
reduce the bias inherent to retrospective studies. Among 493 patients, radical treat-
ment was performed in 86 patients (17.4%), and a conservative approach was used
in 407 (82.6%). They found no statistically significant differences in postoperative
mortality, morbidity, or recurrence rates after median follow-up of 8 years, between
the two groups [34].

Putting a suture may not be safe to close biliary communication in the residual
cavity especially if the thick and calcified pericyst is existed. In this instance, some
authors favor pericystectomy to reduce the risk of postoperative biliary fistula and
liver abscess and lessen the recurrence of the diseases [3, 41]. Subadventitial cystec-
tomy consisted of an excision of the cyst using a cleavage plane located within the
pericyst, which comprises two layers according to Peng’s description [42]. In this
technique, the inner layer or exocyst, which is related to the host granulomatous
reaction, is resected. The outer layer or adventitia, which consists of a thin layer of
fibrotic parenchyma resulting from liver compression, is left in place. Both
approaches require a careful surgical technique especially cases where parts of the
cysts are in close relation with great vessels and major biliary ducts.

Hepatic resection can be considered in following instances; when the major bili-
ary structures are involved, if the liver parenchyma anatomically replaced by the
cyst, small cyst located peripherally, or in pedunculated cyst. If the patient has a
large cysts liver mobilization or blood vessel control is hazardous and there is also
a risk of injury of nearby organs (colon, diaphragm, stomach, and duodenum). In
such instances it is safer to adopt a conservative approach and perform conservative
surgery. Hepatic resection: When the major biliary structures are involved, liver
parenchyma anatomically replaced by the cyst, small cyst located peripherally, or in
pedunculated cyst can be considered. In patients with large cysts, when liver mobi-
lization or blood vessel control is hazardous or there is a risk of injury nearby organs
(colon, diaphragm, stomach, and duodenum), it is safer to adopt a conservative
approach and perform conservative surgery.

The first laparoscopic surgery for HLD was reported in 1993 [43]. Although the
laparoscopic hydatid surgery offers some advantages in selected cases, this approach
has not gained widespread acceptance because of the limited working space that
increase the operative risk and potential spillage of cyst content [21, 44—46].
Especially deep-seated cysts in the hepatic parenchyma, posterior cysts close to the
vena cava, multiple cysts (>3), and cysts with calcified walls are unsuitable for lapa-
roscopic surgery [21, 47, 48].

There are limited studies to compare laparoscopy with open procedures. In a
recent review including 914 patients in published 57 articles, the authors concluded
that laparoscopic approach is safe and comparable to open surgery [49]. But this
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study has several drawbacks that are open to discussion, because majority of patients
are selected cases. And, there is a need a prospective comparative study.

Postoperative Period and Follow-Up

After the operation albendazole therapy is resumed when the patient starts oral feed-
ing and is continued for 3 months. And, is extended to 6 months if gross contamina-
tion occurred during the operation. Postoperative recurrence of HLD is rare and can
be difficult to distinguish from a new manifestation [50]. Recurrence may become
symptomatic 3—4 years after surgery and range from 4% to 25% [3, 35, 36, 51-53].
Although Little et al. reported that recurrence is mostly seen during the first 3 years
after surgery, published recurrence rate is higher with longer follow-up postopera-
tively [25].

After the operation albendazole therapy is resumed when the patient starts oral
feeding and is continued for 3 months. And, is extended to 6 months if gross con-
tamination occurred during the operation.

Patients can be followed up by abdominal ultrasonographic surveillance, every
6 months for 4 years and annually thereafter. In general, a period of 5 years without
recurrence is considered sufficient [54]. Abdominal CT can be performed in patient
with suspicion of liver hydatid cyst recurrence on ultrasound examination. If doubt
persisted between recurrence and residual cavity after surgical treatment, despite
CT or MRI, especially in the event of a negative immunological test, fine needle
aspiration cytology (FNAC) can be carried out [55]. Immunological test is not used
routinely for diagnosis because they are less sensitive and specific than radiological
imaging [52].

In endemic areas those with less than optimal medical facilities, the radical
approach can lead to high postoperative morbidity and mortality rates, and conser-
vative approach represents a valid choice. On the other hand, recent technological
developments and the availability of intraoperative ultrasonography, ultrasonic dis-
section, thermodiffusion, vessel sealers, metal bands, and radiofrequency may allow
radical approaches if such equipment is available. This by itself becomes a big issue
in developing countries, where the patient load is high and both resources and
skilled liver surgeons are limited. Today, in Western European countries and the
USA, patients with hydatid liver disease are referred, as a rule, to centers special-
izing in liver surgery. In this surgical environment, radical operations can be carried
out with low operative morbidity, but this is not a case in most of the endemic
areas [52].

Complications

Operative complications still occur frequently, accompanied by prolonged hospital
stays and increased costs. The most common complication of HLD is the infection
and the contact with the biliary tree. The improvement of these early postoperative
outcomes has been challenging in the field of hepatobiliary surgery [27, 56].
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The complication rates of the surgical treatment options vary between 3% and
25%, while the recurrence rates vary between 2% and 40% [26, 36, 57, 58]. The
complication and recurrence rates tend to differ based on the location and size of the
cyst, as well as the experience of the surgeon and the selected treatment method.

Hydatid cyst-specific surgical complications can be defined as deep abdominal
complications, including deep bleeding or hematoma, deep infection (intrahepatic
or subphrenic abscess or generalized peritonitis), and bile leakage [27, 56].

It is not clear which one of the given treatment options is the safest and most
effective. However, recurrence and complication rates tend to be higher with con-
servative surgery as compared to those with radical surgery [25]. Many retrospec-
tive studies have revealed similar results [23, 58]. On the other hand, in a recent
study, the overall postoperative complication rate was 15.7 percent (16 of 102
patients) [59]. The recurrences usually occur due to failure of complete removal of
the endocysts and/or their dissemination during surgery. For this reason, special
attention should be paid to prevent spread during the operation [60, 61].

Leakage of cyst contents into the blood circulations during surgery is a known
triggering factor for anaphylaxis. Anaphylactic reactions may range from mild reac-
tions to severe anaphylactic shock as a result of high antigenicity. Allergic reactions
after liver hydatid cyst rupture have been reported to occur at a rate of 16.7-25%,
while possibly fatal anaphylactic reactions at a rate of 1-12.5% [62].

The surgical management of ruptured liver hydatid cysts is more complex than
an un-ruptured cyst. Scolices can spill into the abdomen, and surgeons address both
disease in the liver and the removal of intra-abdominal protoscoleces. The main
goals of surgery are to eliminate local disease, prevent complications, and minimize
the morbidity, mortality, and recurrence risk. In a retrospective case series of 16
patients with intraperitoneal liver hydatid cyst rupture in 7 patients (44%), sponta-
neous rupture was observed, while 9 (56%) had a history of trauma [63].

Postoperative bile leak is the major source of morbidity and mortality. It is usu-
ally related to persistent biliary fistula linked to a thick, calcified, or infected remain-
ing pericyst, suboptimal drainage of the residual cavity, or raw hepatic resection
surface in radical or in conservative surgical patients [34].

Natural history of HLD, which consist of growth through the hepatic paren-
chyma followed by compression and/or trapping of adjacent intrahepatic vessels,
can often lead to cystobiliary communications, and the contact of the cyst with the
biliary tracts is encountered in 3—7% of all cases [64, 65]. Cystobiliary communica-
tion has multiple predisposing factors. The cyst diameter is an independent factor
that is associated with a high risk of cystobiliary communication in clinically
asymptomatic patients. In cases where the diameter of the cyst is >7.5 cm, the sen-
sitivity of the contact of the cyst with the biliary tract is reported to be 73%, while
its specificity is indicated to be 79% [66]. Multilocularity of cysts, the location of
the cyst close to the liver hilum are other predisposing factor that should have to take
into account [66].

Cystobiliary communications should be suspected preoperatively when the
patient presented with jaundice or cholangitis in the history or when the preoperative
imaging shows bile duct dilatation and/or intrabiliary material, and alkaline phospha-
tase, bilirubin, and gamma-glutamyl transferase levels may predict cystobiliary
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communication preoperatively [64, 66—68]. Despite continuous improvements in
hepatobiliary imaging, preoperative diagnosis of cystobiliary communication, par-
ticularly when cystobiliary communications are <5 mm, is difficult [69]. Magnetic
resonance cholangiography seems to have a greatest efficacy (92% sensitivity and
83% specificity) for diagnosing [70]. In case of preoperative evidence of opening of
the cyst into the biliary tract, clearing of the biliary tract and lowering of the common
bile duct pressure can be achieved preoperatively through an endoscopic sphincter-
otomy, avoiding common bile exploration at operation, and decrease the risk of post-
operative external fistula from 11.1% to 7.6% [59, 71].

Cystobiliary communication can be confirmed intraoperatively by visualizing
opening bile duct orifice in the cystic cavity or by assessing the infected and/or bile-
stained cyst content (Fig. 8.6). Some methods can be used to detect bile leakage

-
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during the operation. After the cystic cavity had been fully evacuated and complete
hemostasis had been achieved, saline-soaked gauzes were stained with bile. If the
source of accumulated bile cannot be identified or the newly placed gauzes are
again bile-stained, the next step is the bile leakage test in which the cystic duct
stump is cannulated and normal saline or methylene blue is injected through the
catheter while exposing the entire cystic cavity [30] (Video 1). Any site of leakage
is oversewn. Finally, an intraoperative cholangiogram is evaluated for not only the
detection of any contrast extravasation but also the definition of the anatomy of the
biliary tree and confirmation of patency of the common bile duct [70] (Fig. 8.7). If
any obstructing lesion such as HLD membranes within the common bile duct is
detected, common bile duct exploration is considered [72, 73]. Performing curet-
tage of the inner surface of the cystic cavity to debride the cuticula of the cyst and
thereby visualize the hidden orifices of the cystobiliary communications beneath
may result in bleeding that can make the exploration of the cystic cavity more dif-
ficult and should be done carefully if necessary [26, 45, 74].

Any openings of biliary communications with the cyst can be sutured individu-
ally with absorbable sutures. Intracystic closure of the communication associated
with transduodenal sphincteroplasty to clear hydatid material in the common bile
duct can be another option for preventing high pressure in the common bile duct in
the postoperative period [59]. The involvement of the biliary confluence, the asso-
ciation with fibrotic and/or calcified pericysts, can make direct repair of cystobiliary
communication difficult. In such instances, a conservative procedure (i.e., Roux-
en-Y hepaticojejunostomy) can be done.

For a patient with the presence of large cystobiliary communications and/or with
liver atrophy, a more radical approach can be chosen. The surgeon’s experience is
very important to choose decision.

Postoperative biloma or high flow biliary fistula requires ERCP and sphincter-
otomy along with nasobiliary drainage or biliary stenting [75, 76].
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Asymptomatic Liver Hydatid Cysts: 9
Is There a Role for Nonoperative
Management?
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Introduction

Echinococcosis, also known as hydatid disease, is a parasitic infection caused by
tapeworms of the genus Echinococcus. It is considered by the World Health
Organization (WHO) to be an important public health issue especially in endemic
areas [1]. The life cycle includes a definitive host (mainly dogs) and an intermediate
host (such as sheep or cattle). Humans are infected when they ingest the parasite
eggs in contaminated food or water. They are considered as incidental hosts and do
not play a role in the transmission of disease. Most cases occur where dogs and
livestock are raised closely [2].

Human echinococcosis mainly affects the liver and lungs, although any organ
can be involved. The two most common species affecting humans are E. granulo-
sus and E. multilocularis causing cystic echinococcosis (CE) and alveolar echino-
coccosis (AE), respectively. CE has a global distribution including highly endemic
areas such as the Middle East, North Africa, Eastern Europe, South America,
China, and Central Asia. New endemic areas are being recognized as Echinococcosis
is re-emerging as a health problem in certain countries [3]. The economic conse-
quences have been estimated to reach a loss of at least one million disability-
adjusted life years (DALYs) and three billion dollars in annual expenses, including
treatment and loss of livestock [4]. The exact prevalence is difficult to determine
with the absence of overall population surveys, especially in endemic areas.
However, increased detection of new cases is currently observed with better diag-
nostic abilities and surveillance programs. Prevalence can reach 5-10% in endemic
regions [5].
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Clinical Manifestations

CE has a long incubation period as most infected cases are usually asymptomatic in
the initial phase and clinical manifestations can appear years later. The spectrum of
clinical presentations can range from completely asymptomatic to severe and even
fatal disease with a reported mortality of 2-4% [6]. Signs and symptoms depend on
the size and location of the cysts. They can remain asymptomatic or can present with
symptoms secondary to mass effect, obstruction of nearby vessels and structures, or
from complications such as cyst rupture, infections, or anaphylactic reaction. The
liver is the most frequently affected organ by hydatid cyst (70% of cases). The lungs
are involved in 20% of cases, and less frequently other organs such as the kidneys,
spleen, muscles, and bones [7]. E. granulosus tends to involve a single organ (up to
90% of cases) and usually presents as a solitary cyst (up to 70% of cases). The growth
rate in the liver is variable with a reported 1-5 mm growth in diameter per year. The
right lobe is more frequently involved due to the nature of portal blood flow [8].

The signs and symptoms of liver CE include hepatomegaly, abdominal disten-
tion, right upper quadrant/epigastric pain, nausea, vomiting, loss of appetite, and
weight loss. Growing cysts can cause portal vein and bile duct obstruction. Cyst
rupture in the peritoneal cavity can lead to secondary CE. Rupture in the biliary tree
can lead to secondary cholangitis, biliary obstruction by daughter cysts, portal
hypertension, ascites, and abscess formation. Cyst leakage or rupture can lead to a
systemic immunological response and a life-threating anaphylactic reaction induced
by sensitization from a previous leakage into the systemic circulation during the life
of the cyst [7].

Diagnosis

The diagnosis of CE is based on history, clinical examination, imaging, and sero-
logic testing. The vast majority of cases are usually found incidentally on imaging.
In the case of symptomatic patients, a careful medical history should be obtained
that focuses on contact with dogs or wild animals as well as living in endemic areas.
Proper physical exam should be conducted, and liver imaging with or without serol-
ogy testing is usually needed to confirm the diagnosis. In most cases, an ultrasound
is sufficient to make the diagnosis. When in doubt, serological tests are available
with variable sensitivity based on cyst location, size, and stage. Clinical laboratory
tests are nonspecific in CE patients. Most will have normal serum liver enzymes
tests and complete blood count tests will show eosinophilia in around 40% of
patients [9]. In patients that require diagnostic aspiration, sampled fluid can be sent
for microscopic examination, though this is rarely indicated. Observing protoscoli-
ces and/or free hooklets confirms the diagnosis [10].

Ultrasound has played a major historical role in the diagnosis of CE. The dis-
ease was previously only detected late as complications occur or incidentally on
autopsies. It is now being detected in its earliest stages in asymptomatic affected
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individuals. Ultrasound has allowed for population-based surveys of CE and has
uncovered the true prevalence rates across the world. It has been the preferred
imaging modality in CE due to its global availability, lack of radiation, and excel-
lent ability to diagnose stage and follow up most abdominal cysts. In addition,
field surveys are easily performed with portable ultrasound as a screening tool
[11]. This led to the development of classification systems based on ultrasound
findings. Gharbi et al. developed the first widely implemented CE ultrasound clas-
sification system in 1981 [12]. The WHO Informal Working Group on
Echinococcosis (WHO-IWGE) improved the previous system and developed in
1995 a standardized classification that can be universally applied and replaced the
plethora of previous classifications [13]. The WHO system divides the cysts into
three categories: active, transitional, and inactive (Table 9.1). This classification
has important implications in terms of prognosis and treatment decision-making
[14]. CE1 and CE2 are active, usually fertile cysts with viable protoscoleces. CE3
is classified as transitional and is divided into CE3a (with detached endocyst) and
CE3b (predominantly solid with daughter vesicles). Some studies based on mag-
netic resonance spectroscopy (MRS) have suggested that CE3b are usually viable
and should be considered more active as compared to CE3a that tend to be more
transitional and equally likely to be viable or nonviable [14]. CE4 and CES5 are
considered inactive.

Cysts can also be assessed using other modalities including computed tomogra-
phy (CT) and magnetic resonance imaging (MRI). MRI is superior to CT in detect-
ing the structural components and stage-defining features of cysts that are usually
seen on ultrasound. However, it has a limited role in detecting cyst wall calcifica-
tion. MR cholangiopancreatography (MRCP) plays a role in the preoperative evalu-
ation of cysto-biliary fistulas. It has been reported that it can be as sensitive as
endoscopic retrograde cholangiopancreatography (ERCP) in detecting biliary
obstruction as a noninvasive technique [10].

Table 9.1 World Health Organization Informal Working Group (WHO-IWG) ultrasound classifi-
cation of cystic echinococcosis

Cyst Status Ultrasound features

CEl Active Unilocular simple cyst with uniform anechoic content

CE2 Active Multivesicular multiseptated cysts
Daughter cysts may partly or completely fill the mother cyst

CE3a Transitional Anechoic content with detached laminated membrane
Floating membrane “water-lily” sign

CE3b Transitional Unilocular cyst with anechoic daughter cysts and echoic areas
“Complex mass” appearance

CE4 Inactive Heterogeneous hypoechoic cyst without daughter cysts
“Ball of wool” indicating degenerative membrane

CE5 Inactive Thick calcified wall with cone-shaped shadow

Adapted from 2003 World Health Organization Informal Working Group (WHO-IWG)
International classification of ultrasound images in cystic echinococcosis [15]
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Treatment

The available treatment options for CE include surgery, percutaneous drainage,
chemotherapy, and the “watch and wait” approach. The decision to choose the
best therapeutic approach should be based on the cyst stage, size and location,
the available medical and surgical expertise, and adherence of patients to long-
term monitoring. The WHO has issued recommendations on the best treatment
approach based on the cyst stage (Table 9.2). However, despite the WHO
attempts, a consensus is still lacking on a standardized disease management for
CE. The best individual treatment option for patients is still controversial as the
evidence supporting any of the four available modalities from solid clinical stud-
ies is limited. The reasons are mainly due to the chronicity of the disease requir-
ing years of follow-up on the effectiveness of treatment, the relatively small
number of patients presenting with homogenous conditions to allow adequate
comparison, and finally the heterogeneity of studies in the literature that hinders
appropriate comparison [16]. The current evidence is based on small randomized
trials, cohort studies, and case series with few controlled studies to compare the
four treatment options [17].

Historically, surgery has been considered the only definitive curative option for
CE. However curative surgery is not always feasible and has considerable risks of
morbidity and relapse. The overall recurrence rate is around 6%, and mortality can
range between 0.5% and 4% depending on the type of surgery and the available
surgical experience and medical facility [18]. In addition, surgery cannot be applied
in cases where general contraindications for surgery apply such as pregnancy and
very small or unreachable cysts. PAIR (puncture-aspiration-injection-reaspiration)
procedure and laparoscopic surgical approach have been introduced as minimally
invasive techniques, but morbidity, recurrence, and mortality rates, albeit low,
should be considered. This has paved the way for implementing less invasive

Table 9.2 Treatment of uncomplicated CE stratified by cyst stage

Medical Watch and Expert consensus

Cyst  Surgery Percutaneous therapy wait recommendation
CEl v 4 <5cmABZ

>5 cm PAIR + ABZ
CE2 v 4 4 Other PT + ABZ

Or surgery + ABZ
CE3a v v <5cmABZ

>5 cm PAIR + ABZ
CE3b v v 4 Other PT + ABZ

Or surgery + ABZ
CE4 4
CES v

Adapted and reprinted from 2010 WHO Informal Working Group on Echinococcosis (WHO-
IWGE) stage-specific treatment approach [13] with permission from Elsevier

Abbreviations: ABZ albendazole, PAIR puncture, aspiration, injection, reaspiration, Other PT other
percutaneous procedure
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treatment strategies such as the “wait and observe” approach and the option of med-
ical therapy.

Asymptomatic hydatid cyst can be defined as the incidental finding of a cyst in
patients who do not have any symptoms or have symptoms not attributed to CE. The
diagnosis can be made during ultrasound or other imaging techniques for other
abdominal conditions or during mass surveys for CE in endemic areas [18]. Mass
ultrasound surveys allowed a better understanding of the natural course of the dis-
ease and demonstrated that the vast majority of cases are asymptomatic at diagno-
sis. The current practice is that all asymptomatic hydatid cysts must be subjected to
a type of treatment. The rationale behind such belief is the fear for any future com-
plications that can happen if the cyst is left untreated. This practice, however, is not
supported by strong evidence [19]. The major risk for any hepatic hydatid cyst is the
possibility of rupture and leakage which can lead to serious complications such as
anaphylactic shock and seeding to nearby structures. The host’s defenses, however,
are capable of containing the disease leading to cyst calcification which can remain
dormant and inactive for years. The questions remain if asymptomatic hydatid cysts
should be treated, what the best treatment approach would be, and if there is a role
for nonoperative management.

The “Watch and Wait” Approach

The “watch and wait” approach corresponds to regular ultrasound follow-up on an
asymptomatic uncomplicated hydatid cyst without any further interventions.
According to the WHO-IWG guidelines, it is the current recommended approach
for CE4 and CES inactive cysts. This recommendation was based on long-term
follow-up of asymptomatic hydatid cysts, and it was shown that the majority of
patients remain symptom-free for years with a low risk for complications. The
widespread use of ultrasound and the incidental detection of asymptomatic hyda-
tid cysts lead to a controversy on the best way to manage them. The current evi-
dence to support a “watch and wait” approach is still based on a limited number
of studies with a small number of patients [18]. In recent years, experience at
some referral centers showed promising results to support a watchful approach to
asymptomatic cysts. A study at a referral center in Italy using an ultrasound-based
follow-up of at least 2 years on 53 patients with 66 inactive cysts (CE4 and CES)
showed that 52 (98.1%) patients remained stable with no complications and only
one patient (1.9%) had a documented reactivation [20]. Such an approach would
have promising socioeconomic implications in managing large numbers of asymp-
tomatic carriers, especially in endemic areas. Adapting this strategy requires close
follow-up with ultrasound monitoring to avoid unnecessary treatment and/or the
risk of any therapeutic intervention. A prospective survey was carried in an
endemic area on 127 patients with 137 liver cysts with a median follow-up of
6 years. It showed that while 81% of the cysts have favorable outcomes, 5.8% of
the cysts developed complications, and the size increased in 13% [19]. This high-
lights the importance of close monitoring as experts recommend a minimum
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follow-up of 5 years to confirm the stability of inactive cysts [21]. Another study
on the “watch and wait” showed that this approach is also feasible on CE3b cysts
[16]. To note, cysts that reached inactivity by means of medical treatment have a
higher relapse rate (up to 50% within 2 years) as compared to naturally inacti-
vated cysts and should be followed up more closely [21]. The exact biological
mechanism to explain the process of inactivation or reactivation remains unknown.
Clinical experiences in recent years have suggested that a conservative approach
for selected asymptomatic hydatid cysts is reasonable. This was based on the
observation that a good proportion of cysts becomes calcified and inactivated
without treatment, and asymptomatic cysts that do not affect nearby structures
seem to stabilize and remain quiescent. However, it is important to stress on the
necessity of an adequate and regular follow-up using ultrasound in addition to a
good doctor-patient relationship when the “watch and wait” approach is selected.
Currently, this option should be offered to selected patients with CE4 and CE5
cysts. The evidence for this appealing approach is still far from ideal and deserves
better evaluation to specify the indications and limitations.

Medical Therapy

The current available options for medical therapy are the benzimidazoles (albenda-
zole and mebendazole) and praziquantel. The introduction of benzimidazole as a
main treatment option has been a landmark in the management of CE. Heath et al.
were the first to establish a larvicidal effect of mebendazole (MBZ) in animal mod-
els in 1975 [22]. After that, mebendazole was introduced in small clinical trials, and
Bekhti et al. reported the first successful results of treating CE with MBZ in 1977
[23]. High doses were required to achieve a pharmacological effect. Albendazole
(ABZ) was later introduced, and it was shown that its metabolite albendazole sulf-
oxide has its own active larvicidal effect enabling more practical dosing regimens
[24]. They both inhibit microtubules formation, with impairment of glucose absorp-
tion through the wall of the germinative cell layer of the larva. This leads to glyco-
gen depletion and degeneration of the endoplasmic reticulum and mitochondria of
the germinal cells leading to an increase in lysosomes and eventually cellular death
[24]. The WHO guidelines of 1996 have played a key role in promoting the role of
benzimidazole as an important therapeutic option in the management of CE. This
expanded the design and conduction of clinical trials to assess the activity of MBZ
and ABZ against the parasitic disease.

Praziquantel (PZQ) is an isoquinoline discovered in the 1980s to have antipara-
sitic activity against CE. It was introduced as a more tolerated and less toxic thera-
peutic agent than the benzimidazoles. It increases the permeability of the parasite’s
cell membrane to calcium leading to strong contraction and paralysis of its muscu-
lature resulting in detachment from the host tissue [24]. PZQ was demonstrated to
have an active scolicidal activity in vitro and in animal models. Few clinical studies,
however, have analyzed its use in hydatid disease as a monotherapy or in combina-
tion with benzimidazoles.
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The Role of Medical Therapy

Currently, the role of medical therapy in CE is highlighted in the WHO recommen-
dations. The indications and the suggested medical therapy are summarized in
Tables 9.3 and 9.4.

The value of medical agents in CE can be appreciated as a nonoperative, noninva-
sive treatment option. As previously discussed, complete curative surgery is not
always feasible. There is a risk of relapse when choosing the options of surgery or
PAIR, as well as a small but significant mortality risk. Antiparasitic drugs can be used
on patients of any age and are not limited by the status of the patient as compared to
surgery or PAIR. The role of medical treatment was mainly recommended for inoper-
able patients and patients with multiple organ involvement. Over the past decade,
several studies have emphasized the role of chemotherapy as an alternative to opera-
tive management in uncomplicated cysts, increasing the use of medical drug therapy
over the years. As with CE in general, the evidence to support chemotherapy is limited
and based on a few randomized trials and case series with abundant heterogeneity
among studies. Randomized studies have shown the superiority of albendazole when
compared to mebendazole or placebo [25]. Although poorly absorbed from the gastro-
intestinal tract, ABZ reaches higher plasma concentration as compared to MBZ
(15-49 times higher); thus lower daily doses are required. ABZ is metabolized in the
liver, and the primary metabolite has also anthelminthic activity [26].

Benzimidazole use is expected to cure around 30% of patients. Another 30 to
50% will show signs of cyst degeneration and/or cyst reduction. However, 20 to
30% will show no changes with chemotherapy after 12 months of follow-up
[18]. Franchi et al. [25] studied the effect of benzimidazoles on 929 hydatid
cysts (from 448 patients) that were followed up for at least 1 year. They showed
that 74% of the cysts treated with MBZ and ABZ had detectable degenerative
changes, whereas 26% remained unchanged. Those changes were more frequent
in the ABZ-treated than in MBZ-treated cysts (82.2% vs. 56.1%). Stojkovic
et al. [27] reviewed data collected from 711 patients with 1308 cysts from 6
centers. They showed that after 1-2 years of benzimidazole therapy, 50-75% of
active CE1 cysts can be classified as inactive or disappeared. CE2 and CE3 cysts
were found to be less responsive (30% to 55%). They also observed multiple

Table 9.3 Indications for Inoperable patients with liver CE

antiparasitic drug treatment Patients with multiple cysts in two or more organs or
in CE according to peritoneal cysts

WHO-IWGE Small (<5 cm) CE1 and CE3a cysts

Prevention of recurrence following surgery or PAIR

Adapted from 2010 WHO Informal Working Group on
Echinococcosis (WHO-IWGE) stage-specific  treatment
approach [13]

Abbreviations: CE cystic echinococcosis, PAIR puncture, aspi-
ration, injection, reaspiration
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Table 9.4 Suggested medical therapy protocol for cystic echinococcosis

Drug therapy Drug Dose Duration
Definitive medical Albendazole 10to 15mg/  Continuous for 3 to 6 months
therapy kg/day

(up to 400 mg

twice daily)
Mebendazole 40 to 50 mg/  Continuous for 3 to 6 months

kg/day

(three times

daily)

Praziquantel 40 mg/kg once In combination with albendazole for

weekly 3 to 6 months
Uncomplicated Albendazole 10to 15 mg/ 4 to 30 days preoperatively and for
perioperative prophylaxis kg/day at least 1 month postoperatively

(up to 400 mg

twice daily)
Mebendazole 40 to 50 mg/ 4 to 30 days preoperatively and for

kg/day at least 3 months postoperatively
(three times
daily)
Complicated Albendazole 10to 15 mg/  Recommend extending the
perioperative prophylaxis kg/day postoperative course for 3 to

(up to 400 mg 6 months
twice daily)
Mebendazole 40 to 50 mg/  Recommend extending the

kg/day postoperative course for 3 to
(three times 6 months
daily)

relapses with 25% of the cysts that initially responded reverting to active status
within the first 2 years.

Some data showed that clinical and ultrasound improvement (> 25% reduction in
cyst size, membrane separation, or cyst calcification) will increase with longer dura-
tion of therapy [7]. Previously, it was debatable whether cysts were inactivated by
benzimidazoles or they spontaneously progressed to calcification, questioning the
need for treatment. To study the effect of treatment, 80% of cysts in patients who
were treated with albendazole in one study showed evidence of changes as com-
pared to 13% of cysts in patients who received no treatment [28]. A surgical-based
study demonstrated that pretreating with albendazole affects the cysts’ viability and
infectivity during surgical evaluation in mice models [29].

As suggested by the WHO recommendations, medical therapy is more effective
for small CEl and CE3a cysts. Benzimidazoles are less effective against CE2 and
CE3b. Chemotherapy is also more effective among young patients. The outcome of
treatment is also related to the size and age of the parasite. “Recent” small cysts
with thin walls, as well as secondary cysts, are mostly susceptible to medical ther-
apy as compared to “old” cysts with thick or calcified walls. Patients who experi-
ence relapse are sensitive to retreatment in the majority of cases [13].

Praziquantel is mentioned in a few studies in the literature to play a role for peri-
operative prophylaxis and in combination with albendazole for medical treatment.
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It was introduced as a more tolerated, less toxic, and better-absorbed agent. A study
suggested that a combination of PZQ plus ABZ for 1 month prior to surgery had a
higher efficacy as compared to ABZ monotherapy [30]. While ABZ is potentially
teratogenic, PZQ is safe in pregnancy. The currently available evidence is insuffi-
cient to guide the use of PZQ. Although it is ineffective as monotherapy, some evi-
dence exists for a role of PZQ and ABZ combination [14].

Benzimidazoles have also an essential role to play when it comes to operative
therapeutic options. Treatment outcomes were shown to be better when surgery or
PAIR is combined with pre- and/or postprocedure benzimidazole therapy [17].
Blidik et al. [31], Gil-Grande et al. [29], Khuroo et al. [32], and Shams-UI-Bari
et al. [33] studied this aspect of medical therapy and showed the significance of
perioperative ABZ. They assessed the outcome of ABZ plus operative management
as compared to operative management alone by analyzing the viability of scolex as
an endpoint. The number of nonviable scolices was higher in the combination of
ABZ and procedure as compared to operative procedure alone.

Risks and Contraindications

Benzimidazoles are contraindicated in early pregnancy and in cysts at risk of
rupture (such as large or superficially located cysts). ABZ was found to be tera-
togenic in animal models. Although the risk of exposure in early human preg-
nancy is low and no abnormal birth outcomes have been recorded in humans
following ABZ exposure, ABZ should be avoided in pregnancy unless the ben-
efits significantly outweigh the potential risks [13]. Benzimidazoles should be
used with caution in patients with chronic liver diseases and should be avoided
in patients with bone marrow depression. Benzimidazoles monotherapy is inef-
fective in large cysts (>10 cm) as their effect is slow in large volumes of fluid.
Calcified inactive cysts should not be treated unless they become compli-
cated [13].

Dosage and Duration

Albendazole and mebendazole are water-soluble compounds and poorly absorbed
in the gastrointestinal tract. Gastric pH and intraluminal degradation contribute to a
further decrease in bioavailability. Administering PZQ with ABZ can result in a four
to fivefold increase in the bioavailability of ABZ [34]. To improve absorption, benz-
imidazoles should be taken with fatty meals. This can lead to a four to eightfold
improvement in the bioavailability of ABZ and MBZ.

Albendazole is given orally at a dose of 10 to 15 mg/kg/day in two divided
doses with a fatty meal to a maximum of 400 mg twice daily. It should be admin-
istered continuously without the previously recommended cyclic treatment and
weekly interruption. Long-term toxicity data was not available when ABZ was
first introduced and cyclic treatment was recommended. The continuous
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treatment approach was followed in several centers for years now, with no evi-
dence of any increased adverse events [35]. In cases where ABZ is not tolerated
or not available, mebendazole can be used as an alternative. It is given orally at
a dose of 40 to 50 mg/kg/day in three divided doses with a fatty meal. Higher
doses of MBZ are required to reach a similar drug concentration level as
ABZ. Praziquantel is given in a dose of 40 mg/kg once weekly in combination
with ABZ [13]. The optimal duration of medical therapy with benzimidazoles
has not been formally assessed. Currently, it is recommended to give ABZ for at
least 3—6 months when given as a primary treatment option. Studies on large
number of patients suggested an increased evidence for clinical and/or radio-
logical improvement when longer treatment duration is applied. However, the
proportion of patients with cure, defined as calcified or disappeared cysts, did
not change [36].

When ABZ is given as a perioperative prophylaxis, it is recommended to start it
1 month before surgery or percutaneous procedure and to be continued for up to
1-3 months. In case of complicated cases, some recommend continuing ABZ for
3—6 months postprocedure [37]. As discussed previously, ABZ treatment before sur-
gery leads to a higher rate of nonviable cysts at the time of surgery. A randomized
controlled trial showed that patients who received ABZ for 12 weeks prior and
12 weeks after surgery had no recurrences as compared to 17% recurrence in
patients who received no medical therapy [33].

Adverse Events and Monitoring

The safety profile of benzimidazole is generally reassuring. Although the evi-
dence is limited, adverse events are seen. Clinically, they can cause alopecia in
1-5% of cases. Gastrointestinal symptoms have been reported but are rarely
severe to consider stopping treatment. Benzimidazoles have the potential to cause
bone marrow suppression with reported cases of aplastic anemia and thrombocy-
topenia. Regular monitoring with complete blood count is required. As previously
mentioned, treatment with benzimidazoles should be avoided during pregnancy as
embryotoxicity and teratogenicity have been reported in animal models [38]. One
of the best-known long-term effects of benzimidazoles is the rise in liver enzymes.
It was reported in up to 20% of cases undergoing treatment [39]. The effect is usu-
ally limited, and liver enzymes normalize after treatment cessation. Although
there is a possibility for drug-induced hepatocellular damage, it is believed that
the rise in enzymes is due to the damage to the parasite and the local release of
antigens by the antiparasitic drugs. Elevated liver transaminases are not seen, for
example, when benzimidazoles are used to treat extra-hepatic echinococcal cysts
or neurocysticercosis [39]. A retrospective study on the effect of benzimidazoles
on liver function showed that the majority (85%) of elevated liver enzymes cases
had liver cysts with associated structural changes [40]. Currently, it is recom-
mended to monitor liver enzymes while on treatment, and unless changes are
progressive, treatment can be continued. As previously discussed, monitoring
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should be individualized as no clear evidence-based approach is currently avail-
able. It depends on the available resources and patient characteristics. Ultrasound
follow-up (alternatively CT or MRI can also be used) at intervals of 3—6 months
should be applied until stability is reached. After that, yearly ultrasound monitor-
ing is advised to screen for recurrence. If stable, screening can be discontinued
after 3-5 years.

Conclusion

In conclusion, the management of liver hydatid cysts remains controversial. The
approach to treatment should follow the stage-specific WHO recommendations. It
is not clear if asymptomatic uncomplicated cysts should be subjected to a specific
treatment protocol. The majority of hydatid cysts have a favorable outcome and do
not always require invasive surgical or percutaneous intervention. Considering the
operative morbidity and mortality risk as well as the risk of relapse, two nonopera-
tive strategies should be recognized. The “watch and wait” approach is a safe non-
invasive option that should be considered in inactive uncomplicated cysts. The
current evidence supports its use on WHO stages CE4 and CES5 cysts. This approach
should be coupled with a good doctor-patient relationship and regular ultrasound
monitoring. Antiparasitic drug therapy has emerged as another important noninva-
sive treatment option. Enough experience in treating centers has allowed the regular
implementation of benzimidazole-based therapy into current practice. Small cysts
less than 5 cm (WHO stages CE1 and CE3a) can be treated with albendazole only
with an expected favorable outcome in the majority of cases. An important limita-
tion of the current treatment recommendations should be mentioned. While it is safe
to assume that the majority of affected individuals are usually asymptomatic, most
of the studies on medical therapy do not specify whether the treated patients are
asymptomatic or not. Patients should be informed about the different therapeutic
options and the risks and benefits of each approach. Treatment of CE should be
individualized by taking into account the patient characteristics as well as the avail-
able resources and expertise. Finally, randomized clinical studies are needed to
compare the different treatment options to provide evidence-based guidance for
treatment decision-making.
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Introduction

Hydatid disease of the lung or lung echinococcosis is caused due to an infection
with the cestode Echinococcus granulosus predominantly. The three types of echi-
nococcosis are cystic echinococcosis caused by E. granulosus, alveolar echinococ-
cosis caused by E. multilocularis, and polycystic echinococcosis caused by E. vogeli
or E. oligathrus, being the first one the predominant, by far [1].

The term hydatid recognizes its first use from the French hydate around 1680,
which comes from the Greek hydatis/hydatos, meaning vesicle with serous liquid,
and this last, from hydor/hydatos, which means water or liquid.

This parasite has been known from the times of Hippocrates and Galen.
Magnuson described the presence of the E. granulosus in German dogs circa 1200,
but the first description belongs to the German anatomist Adam Christian Thebesius
(1686—-1732) in the seventeenth century. Zabert and Van Deinsen considered this
disease to have originated in Iceland and introduced to Europe by the dogs of whale
hunting ships [2]. In 1808 Karl Asmund Rudolphi (1771-1832), known as the
“father of helminthology,” was the first one to coin the term “hydatid cyst” to refer
to the disease in humans [3].

In 1889, John Davies Thomas (1844—-1893), an Australian surgeon based in
Adelaide, was the first to propose the surgical treatment of pulmonary hydatidosis
[4, 5]. Some years later, in 1899, Alejandro Posadas (1870-1902) performed in
Buenos Aires, Argentina, a thoracic procedure for the treatment of hydatid disease
in what is considered the first recorded surgical procedure in world surgery [6]. His
technique included the performance of a thoracoplasty with the “harpooning” or
“anchorage” of the lung to prevent its collapse and the aperture of the pericystic
layer to remove the germinative layer and the cyst content [7].
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Parasite Biology and Cycle

The life cycle of E. granulosus requires two host types, an intermediate and a defini-

tive one. The first are represented most commonly by sheep, however cattle such as

horses, goats, pigs, and camels may be potential intermediate hosts. Humans are
intermediate but accidental or aberrant intermediate hosts due to infestation or con-
tact with diseased dogs, but do not play a role in the biological cycle.

The definitive hosts are dogs or other canines, such as foxes or wolves. The adult
worm inhabits the small intestine of the definitive host; the size ranges from 2 to
7 mm long and gets attached to the intestinal mucosa by a double row of hooklets
placed in its scolex and has at least three proglotides with several eggs. These eggs
pass out in the stool and stick to the fur or fall to the grass. They can survive for at
least 1 year in the outside world, time during which they are widely dispersed, even
with the help of the wind. When intermediate or accidental hosts become infected,
either by contact with infected dogs or by ingestion of eggs from contaminated
food, water, or soil, the embryos are released after hatching in the intestinal mucosa
and then enter the portal circulation making their first station the liver, or otherwise
the lung [8]. The parasite then grows to form a cyst filled with fluid. Since two mam-
mal species are required for completion of the life cycle of the parasite, direct trans-
mission from human to human is not possible.

The fully developed cyst is organized in three layers, composed of both host and
parasite tissue:

(a) The outer layer, or pericyst, is the adventitia and is formed by inflammatory
fibrous tissue from the host as a reaction to a foreign body (parasite).

(b) The middle layer is known as the exocyst or laminated layer and is an acellular
membrane composed by mucopolysaccharides.

(c) The inner layer is the endocyst, which is the germinal layer of the parasite and
gives rise to larvae scolices which bud internally. The fluid contained inside is
antigenic and contains hooklets and scolices and is known as “hydatid sand.”
There is an average 5 cc of this hydatid sand which contains half a million
hooklets and scolices, which indicates its huge aggressiveness.

The cyst exists in different forms: intact or ruptured, single or multiple, unilateral
or bilateral, exclusively located in the lung or in other locations (the liver, pleura,
pericardium, rib cage, spine, etc.). The hydatid cysts are able to grow faster and
larger in the lung due to the structure of these organs, which is easily collapsible, in
comparison to the liver parenchyma.

The hydatid cyst can be classified according to its morphology:

e Type I: simple cyst

e Type II: cyst with daughter cysts and matrix

— Daughter cysts at the periphery.

— Larger daughter cysts which fill most of the mother cyst.

— Cyst with calcifications and daughter cysts. Calcifications in the lung are par-

tial and in spots, quite different from the calcification of liver cysts.

» Type III: calcified cyst, which means that the cyst is not viable, and cannot infect

the host

e Type IV: complicated cyst, e.g., ruptured cyst
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Epidemiology

Cystic echinococcosis can be seen worldwide, while endemic areas are represented
by South and Central America, the Middle East, North and sub-Saharan Africa,
Eurasia, Australia and New Zealand, China, and Russia [9].

A huge distinction needs to be made with alveolar echinococcosis caused by
E. multilocularis, which is significantly less frequent than hydatid disease by
E. granulosus. Definitive hosts include small rodents and the borders of endemic
areas of alveolar echinococcosis never cease to expand [10].

Regarding the geographical distribution in Argentina, 30% of our territory car-
ries risk of infection (1.271.912 km2) and 8% of our entire population (about
2.850.000 inhabitants) are at risk for acquiring the disease [11].

In children, the lung is the most common location for the cystic hydatid disease
[12]; 20 to 40% of patients with thoracic involvement also present with liver cysts
[13]. According to a multicenter Argentinian experience, 30% are multiple pulmo-
nary cysts, 20% are bilateral, and 60% are located in lower lobes [14].

Clinical Presentation and Diagnosis

Pulmonary hydatidosis is the second most frequent location of cystic hydatid disease
caused by E. granulosus. The lower lobes are more frequently affected than the upper
ones, and one in five cases are bilateral. The size ranges from 1 to 20 cm and is the
organ where hydatid cyst can become the largest due to the easy compressibility of
lung tissue. Calcification of lung hydatid cysts is very rare, contrary to the liver ones.

Pulmonary hydatid cysts can present themselves in a variety of ways, making the
diagnosis difficult and requiring high suspicion from the physician. The background
of the patient in reference to the birthplace and residence in rural regions is very
important and should be particularly targeted. Lung cysts may remain asymptom-
atic and thus silent for years, appearing when chest X-rays are requested for screen-
ing or due to other reasons. Initial symptoms include cough, discomfort, chest pain,
fever, and hemoptysis. The development of an anaphylactic reaction and the appear-
ance of vomiting are indicative of rupture of the cyst. In this latter case, the sputum
direct study may reveal the presence of echinococcus granulosus’ hooklets. When
confronted with an initial thoracic hydatid cyst, it is mandatory to preclude the pres-
ence of a liver location [15].

A simple chest X-ray may provide the first suspicion and let the treating team
know if this is a complicated or non-complicated cyst. Next diagnostic steps include
serology together with imaging modalities, such as ultrasound and CT scans not
only of the thorax but also of the abdominal and pelvic cavity.

Serological tests include the following modalities:

e Casoni intradermal reaction and complement fixation test have been abandoned
in clinical practice.

* Indirect hemagglutination test: it is positive in just 50% of patients with pulmo-
nary hydatidosis and in 90% of those with liver cysts. False-positive reactions
with other helminthic diseases should be taken into account.
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e Arc 5 test: this test measures antibodies against antigen 5, which is a major para-
site antigen found in the inner aspect of the germinal layer, in daughter vesicles
(brood capsule) and protoscolices. It achieves low sensibility but high specificity,
and the subunit 8 kDa (located in the protoscolices) offers greater specificity
[16]. Nonetheless the sensibility for lung hydatid cysts is in the range of 35%.

e ELISA (enzyme-linked immunosorbent assay): the immunoglobulin G enzyme-
linked immunosorbent assay test represents the most sensitive technique. When
this test shows a positive result, it should be confirmed by a western blot
determination.

The diagnosis is usually performed by combining the clinical background, serol-
ogy, and imaging modalities. It is important to highlight the role of screening X-ray
examinations among the population in endemic places [17].

Differential diagnosis includes tuberculoma or tuberculous cavern, malignant
tumor (primary or metastatic), lung abscess, bronchopulmonary infections,
Wegener’s granulomatosis, bronchiectasis, pneumothorax, and empyema,
among others.

Puncture is not recommended due to the risks of cyst rupture, anaphylactic reac-
tion, and risk of seeding the pleural cavity. Bronchoscopy is usually not necessary;
besides the location of the cysts tends to be peripheral and not central.

Plain chest radiograph is helpful and may provide useful information regarding
the status of a pulmonary hydatid cyst. When the cyst is intact, the typical image
is that of a round or oval mass with clean borders surrounded by normal lung tis-
sue (Figs. 10.1 and 10.2). The size may be variable and sometimes is not single.
Sometimes the cyst shows an air-fluid level (Fig. 10.3). When the cyst is ruptured
or infected, the typical image achieves the “water lily” or “hyacinth” sign. Due to
the rupture or if bronchial erosion has occurred, an air fluid level can be found or
the thin crescent or meniscus sign. From a clinical point of view, the patient will
present with vomiting, with expulsion of cyst content (scolices and daughter
vesicles).

Rupture or perforation of a pulmonary cyst represents its most frequent compli-
cation, with an incidence close to 50% of the cases. In 90% of the cases, the rupture
is to the bronchial tree, and in the rest of the cases, the opening is toward the pleural
cavity. The CT can provide further details as can be seen in Figs. 10.4 and 10.5
(“water lily sign” and presence of parasites). Two conditions should be considered
regarding the hydatid cyst rupture: (a) the adventitial layer of lung cysts does not
develop as well as in the liver and is more prone to rupture, and (b) the increase in
the size of the cyst causes an increase in the intrathoracic pressure and can also favor
the rupture. Rupture also conveys the risk of subsequent infection, with a similar
course as that of a pulmonary abscess.

Simultaneous lung and liver locations for hydatid cysts are observed in less than
10% of the cases [18]; nonetheless when the patient initially presents with a thoracic
location, liver involvement must be ruled out by ultrasound and CT scan.

Manterola introduced the concept of the thoracic involvement of hepatic echino-
coccosis, TIHE [19]. The hydatid cyst of the ruptured liver in the thoracic cavity is
a rarely reported clinical entity whose frequency appears to be declining [20].
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Fig. 10.1 Hydatid cyst, Ca
right lung (chest X-ray,
front and profile position)

Compromise of both the liver and the thoracic cavity by hydatid cysts can be seen
in Figs. 10.6, 10.7, 10.8, 10.9, and 10.10.

According to the degree of evolution of the diaphragmatic and/or thoracic
involvement, the following five stages or grades have been described [13]:
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Fig. 10.2 Another case
(chest X-ray, front
position)

1. Adhered cyst, firm adherences between the cyst surface and the diaphragm but
no perforation.

2. Hydatid transit, with perforation of the diaphragm, but little or no invasion of the
thoracic cavity.

3. Pleurothoracic vesiculation, the cyst perforates the muscle and grows inside the
thoracic cavity, and daughter vesicles are established in the pleura.
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Fig. 10.3 Air/fluid level
in a right lung hydatid cyst
(chest X-ray front position)

Fig. 10.4 Ruptured hydatid cyst, chest X radiograph, and CT scan (water lily sign). Parasites
can be seen in the CT scan

Fig. 10.5 Ruptured hydatid cyst, chest X radiograph, and CT scan (water lily sign)
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Fig. 10.6 Liver cyst with
thoracic evolution
(chest X-ray)

Fig. 10.7 Liver cyst with
thoracic evolution
(chest X-ray)

4. Disease of the pulmonary parenchyma, the cyst connects to the bronchi, or there
may be compression and/or atelectasis of the pulmonary parenchyma.

5. Chronic bronchial fistula, either postoperative or usually as a result of the spon-
taneous evolution of the abdominal hydatid disease.
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Fig. 10.8 Liver cyst with
thoracic evolution
(CT scan)

Fig. 10.9 Liver cyst with
thoracic evolution
(CT scan)

O 7 DR

A condition that favors the upward migration is the negative pressure in the tho-
racic cavity and the obstruction of the bile duct system by parasites. Sometimes, the
final evolution is the establishment of an abdominothoracic fistula, which is an
uncommon but severe complication of hydatid disease. Biliptysis is pathognomonic
of a biliary-bronchial fistula communication. The fistula usually is organized
through trans-diaphragmatic penetration, which leads to a large cyst’s rupture into
the lung lower lobe. Though uncommon, the underlying cause is the perforation
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Fig. 10.10 Liver cyst with
pleural and bronchial
communication (CT scan)

Table 10.1 Classification of Type I: direct fistulization of the cyst in the bronchi
the hydatid liver cysts TA: small-sized bronchial fistula

migrating to the lung (after IB: large-caliber bronchial fistula

Mestiri, 22) Type II: intrapulmonary cavern

ITA: without bronchial fistula or bronchiolar fistula
IIB: with large bronchial fistula
Type I1I: encysted intrapleural intermediate pocket
IITA: without bronchial fistula
IIIB: with bronchial fistula
IIIC: with fistula on the wall
Type IV: rupture in the large pleural cavity
IVA: acute rupture: biliohydatic pleurisy
IVB: secondary pleural hydatidosis

from the right subphrenic space into the posterior basal segment of the right lower
lobe [21]. Mestiri et al. proposed a classification for the migration of liver cysts to
the lung emphasizing the importance of small bronchial fistulas over the biliary
fistulas [22], as seen in Table 10.1.

Although calcification occurs frequently in liver cysts, it requires a lapse between
5 and 10 years at least, whereas it rarely happens in pulmonary cysts.

Other thoracic locations include the pleural cavity, the pericardium, the spine,
and the rib cage. Pleural compromise can be achieved by different mechanisms: (a)
spread of the cyst’s (either hepatic or thoracic) content after its rupture which allows
the nesting of daughter vesicles in the pleural space, (b) direct infestation with the
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parasite, (c) hematogenous or lymphatic route, and (d) postoperative sequelae.
Primary pleural hydatidosis is neglected by most authors [23]. The surgical treat-
ment mandates thoracotomy and pleural decortication.

Location in the mediastinum is very rare but should be suspected in patients
with a mediastinal mass coming from or living in an endemic area [24]. Surgery
is mandatory due to the need to confirm the diagnosis and rule out malignancy if
the images are not definitive and also due to the presence of vital structures.
According to the location of the mediastinal hydatid cyst, the approach may be by
right or left thoracotomy or thoracoscopy or even through a median sternot-
omy [25].

Pericardial hydatid involvement may be due to migration (secondary hydatido-
sis) or due to the rupture of a hydatid cyst located in the left heart (cardiac muscle).
The role of magnetic nuclear resonance is very useful to show cardiac involvement
(Fig. 10.11a, b). Pulmonary arteries are rare locations for hydatid cysts, with the
most frequent cause arising from embolism originating in a primary cardiac loca-
tion; another possibility is that the embryos of Echinococcus granulosus pass
through the liver and then into the inferior vena cava and from there to the pulmo-
nary arteries through the right cardiac chambers.

Hydatid compromise of the spine is very seldom seen [26]. CT and MRI usually
show a lobulated lesion with some compromise of the epidural space of one or sev-
eral thoracic vertebrae (Fig. 10.12a, b). The course is usually aggressive, with com-
promise of the spinal cord and thus neurological symptoms, recurrence is not
infrequent, and surgery usually involves resection and vertebral instrumental stabi-
lization [27, 28].

Fig. 10.11 (a) Pericardial hydatid disease (CT scan, sagital view). (b) Pericardial hydatid disease
(CT scan, lateral view)
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Fig.10.12 (a) Hydatid
disease of the spine. (b)
Hydatid disease of

the spine

The chest wall is a rare location of secondary hydatidosis, but it may occur after
the rupture of a lung cyst, from a liver cyst invading the diaphragm into the pleural
cavity, following previous hydatid thoracic surgery, or by hematogenous spread of
embryos with a diameter of less than 0.3 mm, which may escape from the liver or
from the lung capillaries to involve any organ via the systemic circulation [29].

The rib location of hydatid cysts (Fig. 10.13) mandates differential diagnosis
with the following entities, among others: fibrous dysplasia, tuberculosis, simple
bone cysts, plasmacytoma, osteo- or chondrosarcoma, and other primary and meta-
static bone tumors.
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Fig. 10.13 Hydatid
disease affecting the rib
cage, posterior arch

Surgical Treatment

Initial treatment with albendazole before scheduled surgery is always recommended
[30]. The dosage is 10 mg/kg/day twice a day, and the recommendation is after
lunch and dinner rich in lipids, so as to improve absorption of the drug, with a maxi-
mum dosage of 800 mg/day [31]. If possible, preoperative prophylaxis is recom-
mended for at least 15 days and for up to 3 months postoperatively [32].

Surgery should be considered for every thoracic hydatid cyst; initially, the surgi-
cal treatment consisted of simply performing the marsupialization of the cyst [33].
Currently, the goal of the surgical treatment for hydatid cysts of the lung is the
complete excision of the disease process together with the maximum preservation
of lung tissue, together with the elimination of the parasite and the prevention of
recurrences and/or seedings [3]. The WHO guidelines mandate surgical interven-
tion in the following cases: impending cyst rupture, compromise of vital organs due
to mass effect, hemoptysis, secondarily infected cysts, infection due to obstruction,
and unmanageable pain [34].

It is essential to prevent the contamination of the operative field due to rupture
and/or spillage of the cyst’s content, as its result may be the implant of scolices and
the production of secondary cysts [35]. The approach maybe through a conventional
or vertical thoracotomy, whereas a median sternotomy is reserved for those infre-
quent cases of bilateral cysts. The minimally invasive treatment of pulmonary hyda-
tid disease was introduced by Becmeur et al. for the treatment of children [36], and
though many surgeons do not feel comfortable with this access due to safety issues,
the feasibility of this access has been proven by others [37, 38]. Alpay considers that
video-assisted thoracic surgery treatment of pulmonary hydatid cysts is superior to
conventional thoracotomy due to shorter operative time, lower chest drainage vol-
ume, shorter duration of tube placement, and less postoperative pain [39]. The mini-
mally invasive or thoracoscopic approach is reserved for small and peripheral cysts,
which after puncture and drainage are resected “en bloc” with the aid of mechanical
sutures. Contraindications to this approach include larger pulmonary cysts (larger
than 5/6 cm), multiple cysts and those with a hilar location.
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It is important to bear in mind that the total enucleation of an unruptured pulmo-
nary hydatid cyst, which can be safely performed in open surgery, cannot always be
safely performed via a thoracoscopic approach since the small size of the incisions
would prevent the safe removal of the cyst.

The conservative procedures include the following:

e Enucleation (intact endocystectomy): known as the “delivery” or the Armand
Ugon technique [40], it may be used when the cyst is relatively small and not
complicated, and the risk of rupture is low. The hydatid delivery requests the
expertise and the attention of the whole team, including the anesthesiologist who
must not ventilate the lung while the surgeon makes an opening in the adventitial
layer, and introduces the finger to dissect the adherences between the cyst and the
wall. After the parasite is fully freed from the surrounding tissues, the insuffla-
tion of the lungs will aid in the delivery, pushing the parasite through the air
expelled through the bronchi (Fig. 10.14). Irrigation with saline solution during
the whole procedure is recommended in order to prevent desiccation and a leak
on the membrane [41].

e Removal after insertion of a trocar-suction device (R. Finochietto), for adequate
parasite and cyst’s content aspiration (Fig. 10.15). The puncture plus aspiration
is a precision maneuver which necessitates avoidance of injury to the lung paren-
chyma, as well as spillage of the cyst’s content. Care should be taken to prevent
membranes falling into the pleural space.

e Cystotomy (marsupialization): is a conservative technique with usually very
good results, frequently with an added capitonnage.

» Capitonnage: consists of the obliteration of the cavity with purse string sutures.
There is no clear agreement regarding its use, and one of its main consequences
is the distortion of the pulmonary parenchyma, especially when large cysts have
been removed [42].

All the abovementioned techniques leave the adventitial layer is left in site.

Fig. 10.14 Delivery of
hydatid cyst




10 Management of Thoracic Hydatid Disease and Its Complications 171

Fig. 10.15 Finochietto
trocar-suction aspirator

Fig. 10.16 Final result of
a capsule resection
(pericystectomy)

e Pericystectomy (capsule resection): known as the Pérez-Fontana method, con-
sists in the removal of the cyst with the perycystic layer and the adventitia and
the posterior obliteration of the residual cavity, Fig. 10.16 [43].

The use of the PAIR (puncture, aspiration, injection, and reaspiration) technique,
originally described for the treatment of abdominal hydatid cysts, is not favored for
thoracic locations since several contraindications have been reported [44].

The radical procedures, which include lung parenchymal resections, should
be reserved for specific situations. They should be considered in the follow-
ing cases:

*  When the hydatid cysts have produced simultaneous and irreversible alterations
in the surrounding lung parenchyma
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e Multiple cysts in a lung segment or lobe

*  When a large cyst replaces a small lobe (lingula or medium)

The options include the following:

e Pulmonary resection (e.g., “wedge”), when the size of the cyst is not large and
there is no peripheral impact on the lung parenchyma.

e Segmentectomy, characterized by a high morbidity.

e Lobectomy: most of the times it is considered as the technique of choice. The
surgical team should rely on this approach when confronted with large cysts
involving more than 50% of the lobe, cases with severe pulmonary suppuration,
multiple unilobar cysts and sequelae such as pulmonary fibrosis, bronchiectasis,
and hemorrhage.

e Pneumonectomy: strictly only in cases of necessity.

Some general principles that should be taken into consideration are:
¢ Double lumen intubation is recommended to keep ipsilateral lung collapse dur-

ing the procedure and in this way facilitate the surgical maneuvers.

e Protection of the pleura and the adjacent tissues may be achieved with towels
soaked in 20% hypertonic saline solution.

e Avoidance of spillage of hydatid liquid to the bronchi.

 Injection of scolicide agents in the cyst: usually some fluid from the cyst is aspi-
rated and replaced with hypertonic saline solution for about 15 minutes before
the cyst’s contents are evacuated with a powerful and wide aspirator.

e Treatment of the adventitial layer: according to the local conditions, the resection
will include only the protruding or emergent part or its entirety. If the complete
excision is prone to excessive risk, the remaining adventitial layer should be left
on sit with a meticulous hemostasis of the borders.

e Closure of small bronchi: after the partial or full resection of the pericystic areas,
and since the bronchi are opened to the cyst cavity in a tangential fashion, it is
imperative to achieve a safe closure of the opening in a very thorough and
detailed fashion with simultaneous irrigation and ventilation to observe bubbles
from the opened bronchi. The folds of the remaining adventitial layer should be
checked to prevent any bronchi from being closed. A hydrostatic test should be
performed to check the closure.

e Management of the residual cavity: by means of a capitonnage or leaving it open
so as to be resolved by the pulmonary expansion [45].

Intraoperative complications are represented mainly by the rupture of the hyda-
tid cyst and bleeding. The first one is, by large, the most frequent and the cause of
severe sequelae in the long-term follow-up (Fig. 10.17). All the protective measures
should be taken to prevent the perforation and, if it happens, the spillage of its
contents.

Postoperative complications may be immediate or delayed. Among the first ones,
the bronchopleural fistula, hemopneumothorax, empyema, and atelectasis should be
considered and will be briefly addressed.

e Bronchopleural fistula: usually due to an inadvertent bronchial opening that was
not sutured during the operation. Usually, it tends to be self-limited and resolves
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Fig. 10.17 Intraoperative
spillage

-

/

/

with the pleural drainage favoring the parenchymal expansion of the lung, adher-
ing itself to the parietal pleura.

* Hemo- and hemo-pneumo-thorax, their treatment does not differ from other
situations.

* Empyema: usually develops in patients with long-standing and infected cysts,
with compromise of the lung parenchyma.

e Atelectasis: is the most frequent postoperative complication. Usually due to
secretions, the presence of hydatid membranes occluding the bronchial tree
should be ruled out. Fiberoptic bronchoscopy is the treatment of choice and is
both diagnostic and therapeutic.

Delayed postoperative complications are represented by:

e Residual cavity, usually treated as simple lung air cysts: no treatment is needed,
but the risk is bacterial colonization and posterior pulmonary abscess
(Fig. 10.18).

* Seeding: it is secondary to the intraoperative rupture of a hydatid cyst. The pleura
are not a very fertile location for the nesting of the scolices, but when it is com-
promised, the prognosis is severe (Fig. 10.19). Bronchial seeding is by far a more
serious complication and is the consequence of the filling of the bronchial tree
with hydatid liquid and sand. The immediate consequence is the development of
an anaphylactic shock, frequently during the operation and the patient under gen-
eral anesthesia. It may be followed by the quick development, between 2 to
3 months, of multiple intrapulmonary cysts in the alveoli (Fig. 10.20).

e Local recurrence: due to the persistence of membrane remainders in the residual
cavity and the consequence will be the development of a new hydatid cyst.

The management of biliary bronchial fistulas has not changed much with the
advent of years. The premises of the surgical treatment include the drainage of the
pleural space and the treatment of the pleural and lung lesions and the interruption
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Fig. 10.18 Residual cavities

Fig.10.19 Pleural seeding

of the communication between the liver, the diaphragm, the pleura, and the lung,
the so-called pleura-peritoneal “divorce” or “splitting” [46, 47]. The approach
tends to be simultaneous and the approach is through a thoraco-phreno-laparot-
omy with simultaneous treatment of the structures: the liver, diaphragm, pleura,
and lungs.
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Fig. 10.20
Bronchogenic seeding

Key Points

Diagnosis based on background, epidemiology, chest X-ray.

Serology (arc 5 test, ELISA, and western blot).

Surgery remains the primary choice of treatment in cystic pulmonary hydatid
echinococcosis.

Prevention should be the goal for the cestode infestation.

A better understanding of hydatid immunoregulation may pave the way to ratio-
nal immunotherapy and a future vaccine development.
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Introduction

Hydatid disease is a common disease in agricultural and animal raising societies
and is endemic in the Middle East, Far East, Mediterranean, South America,
Australia, and Turkey [1, 2]. It is one of the major zoonotic diseases carrying sig-
nificant burden on public health and economy [3]. Hydatidosis is the most patho-
genic zoonoses in humans in the northern hemisphere with an annual incidence of
up to 1.2 per 100,000 [4]. It is caused by the infection with the tapeworm
Echinococcus which belongs to the family Taeniidae. Four species of Echinococcus
potentially infect humans, with E. granulosus and E. multilocularis being the most
common. The two other species are E. vogeli and E. oligarthrus, and these have
only rarely been associated with human infection [5]. The chief morphological dif-
ference between the species of Echinococcus is the length of the tapeworm, where
E. granulosus can reach up to 7 mm in length. The type of disease that occurs in
humans depends on the species of Echinococcus involved. Three forms of
Echinococcus infection have been identified: cystic, alveolar, and polycystic. The
most common form is cystic echinococcosis which is caused by E. granulosus. The
other forms, alveolar and polycystic echinococcosis, are rarely encountered in
humans and are not as widespread as cystic echinococcosis. Infection with E. mul-
tilocularis is rare; however, it is the most virulent species and can cause alveolar
echinococcosis [3].
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The clinical course of echinococcal infection is highly variable and depends on the
localization, extent, and proliferation of the larval tissue as well as on the host reac-
tion. The clinical presentation of Echinococcus infection depends on the site of the
cysts and their sizes. Small and/or calcified cysts may remain asymptomatic indefi-
nitely. However, symptoms due to mass effect within organs, obstruction of blood or
lymphatic flow, or complications such as rupture or secondary bacterial infections can
occur [6]. Many infections are acquired in childhood but do not cause clinical mani-
festations until adulthood. Also, latent periods before symptoms arise have been
reported. While approximately 50% of detected cases occur in asymptomatic patients,
many more cases remain undiagnosed or are found incidentally at autopsy. Humans
are considered the incidental intermediate host. Upon ingestion, the larval stage will
emerge in the bowels, invade into the blood vessels, and migrate into almost every
organ of the body [7] The liver is the most commonly affected organ with Echinococcus
infection, followed by the lungs. However, any other human organ can potentially be
involved. Primary extrahepatic hydatid disease has been reported in the abdominal
cavity, retroperitoneum, spleen, kidneys, adrenals, and even myocardium [8, 9].

Normally parasites spread through portal circulation. Other courses of spread
include lymphatic invasion by the parasite. The spread of hydatid disease in the
abdomen can be along peritoneal fluid circulation or intra-abdominal recesses, which
may explain intraperitoneal seeding. After infection with this disease, patients can
remain asymptomatic for long time before presenting with symptoms. Most patients
with abdominal extrahepatic hydatid disease present with abdominal discomfort,
some may present with anaphylaxis or fever. However, a sudden abdominal pain in
these patients may indicate intracystic bleed, rupture, or infection, with intracystic
bleeding being the most dangerous complication [10]. Diagnostic challenges are
imposed on clinicians due to the non-specific clinical presentation of this disease,
especially in extra-abdominal hydatid disease. Ultrasound (US) and computed
tomography (CT) scan usually confirm the diagnosis with a sensitivity of 93-98%
and 97%, respectively. Most patients have a single organ involvement (most com-
monly the liver), and a single cyst is present in more than 70% of cases [11].

Treatment of small hydatid calcified cysts doesn’t always require surgical treat-
ment and can be managed conservatively. Treatment alternatives mainly involve
anthelminthic therapy and interventional procedures including PAIR (puncture,
aspiration, injection, respiration), PPDC (percutaneous puncture with drainage and
curettage), conservative surgical approach (open cystectomy with or without omen-
toplasty), and radical surgical resection (absolute pericystectomy or hepatectomy).
Palliative treatment comprises of drainage of infected cysts. Laparoscopic or open
drainage procedures include aspiration, injection of scolicidal agent, deroofing,
evacuation, and conversion of the cyst into a non-dependent cavity [12].

Life Cycle

The life cycle of Echinococcus infection was first described by Haubner [12]. The
disease is transmitted when food/water containing parasitic eggs is eaten, or through
a close contact with an infected animal. The eggs are released in the stool of
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carnivores that are infected by the parasite. Commonly infected animals include
dogs, foxes, and wolves. An adult worm resides in the small intestine of a definitive
host. The eggs get released from gravid proglottids that are passed in the feces that
get ingested by an intermediate host. The eggs hatch in the intestines of the interme-
diate host and release oncospheres that penetrate through the intestinal wall and
target organs such as the liver and lungs developing into a cyst(s). The membranes
and capsule provides the parasite with immunity against destruction. The cyst gets
enlarged, creating protoscolices with daughter cyst. These cysts may contain thou-
sands of protoscolices, and this fast reproductive potential poses a problem in the
intermediate host. The definitive host then becomes infected after ingesting the
infected intermediate host. After ingestion, the protoscolices attach and then develop
into adult worms, and the cycle starts all over again. Humans get infected when they
get in contact with infected animal hosts [13].

Extrahepatic Anatomical Locations of Disease
Splenic Hydatidosis

The first case report of splenic hydatid disease discovered on autopsy was published
by Berthelot in 1790 [14]. Splenic hydatidosis accounts for around 0.5% of all
patients with echinococcosis and up to 4% of the abdominal hydatid disease [9].
Patients are classified as either primary or secondary (more common) with other
organs involved. The rare isolated contamination of the spleen by echinococcus is
related to the anatomy of the portal vein system and the flow of the embryos of the
tapeworms via blood. Sometimes, the eggs may penetrate the circulation without
forming cysts in the liver, thus allowing them to settle in other organs via the blood
stream. However, it is also possible that when a human host has a fissured cyst,
scolices or daughter hydatid cysts can migrate through the wall of the cyst. They can
be released to the body and may form new cysts in nearby or distant organs, such as
the spleen, and this is known as secondary echinococcosis [7, 11]. Other hypotheses
also attempted to explain the spread of this disease directly to the spleen, including
a portal vein retrograde extension from the liver to the spleen or via systemic dis-
semination. The long-term outcome is variable and many patients remain asymp-
tomatic. The splenic hydatid cyst exhibits a variety of clinical features, requiring a
high index of suspicion for diagnosis [13]. The rarity of splenic hydatid disease
imposes a diagnostic challenge for clinicians, especially in non-endemic areas.
Splenic hydatid disease is quite a slowly progressing disease rendering patients
completely asymptomatic for years [15]. Accordingly, diagnosis is made either as
an incidental finding or as part of workup for non-specific abdominal complaints.
Today, the diagnosis of splenic hydatid disease is greatly aided by ultrasonography
(US) and computed tomography (CT) [15, 16]. Differential diagnosis of splenic
cysts includes cystic neoplasms, abscesses, and benign cysts, which are categorized
into true cysts and pseudocysts. True cysts include parasitic (hydatid) and non-
parasitic cysts (epidermoid, dermoid, hemangiomas, and lymphangiomas).
Pseudocysts are mainly traumatic (hematoma). Several therapeutic options are
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present. However, the most effective methods comprise excision of the infected tis-
sues, either surgically or the through less invasive procedures such as puncture-
aspiration-injection-reaspiration (PAIR) approach. Treatment options are usually
individualized based on presentation and medical status of patients. Nevertheless, it
is still controversial if performing total splenectomy is more beneficial than per-
forming spleen sparing surgical approaches [14]. Literature that focuses on splenic
hydatid disease is still based on individual cases with weak evidence to support
splenectomy, spleen-preserving surgery, or interventional treatment options. It has
been described that large or multiple splenic cysts are best managed surgically elim-
inating the higher risk of rupture and its complications including anaphylaxis, septic
shock, and bleeding. A spleen sparing approach is advisable when the cysts are
peripheral at the surface of the spleen [17]. However this approach potentially car-
ries a higher risk of blood loss compared to unroofing and evacuation of hydatid
cysts. Meimarakis et al. have advocated, based on their case series of ten patients,
for total splenectomy as the best treatment option for complete removal of infected
tissues and avoiding potentially infected remnant cavity, bearing in mind post-
splenectomy complications [17]. Prophylactic antiparasitic therapy may reduce
recurrence rates. In addition, preoperative or early postoperative vaccination is
important for surgical patients in order to decrease the risk of post-splenectomy
sepsis which can be life-threatening [17].

Pulmonary Hydatidosis

Hydatid disease of the lung can be primary or secondary. Initially, patients are
asymptomatic. Of patients with pulmonary hydatid disease, around 20-40% also
have liver involvement. Pulmonary involvement appears to be more common in
pediatric population [18]. Usually, the evolution of a hydatid cyst in any sold
organ is affected by several factors including the texture of the organ itself, and
the elasticity of surrounding tissues and organs. The rate of growth of hydatid
disease in the lungs is faster than that of the liver since lungs are softer in consis-
tency compared to the liver. Accordingly, the growth rate of pulmonary hydatido-
sis is faster in children compared to adults, since children have more elastic
tissues. In addition, the location of the lungs in the thorax puts it under negative
pressure which may also accelerate the growth rate of hydatid cysts [18]. Imaging
is the principal investigational modality for pulmonary hydatid cyst including
chest X-ray, CT, or magnetic resonance imaging (MRI) of the lungs. Radiological
presentation of hydatid disease varies based on the presence or absence of com-
plications [18]. What is special about pulmonary hydatid disease is that it does not
lead to calcification of cyst wall and rarely causes formation of daughter cysts,
thus making the radiological diagnosis more challenging. The role of ultrasound
is limited due to the ribcage, except when lesions are peripheral. Complications of
pulmonary hydatidosis include rupture, secondary bacterial infection, pneumo-
thorax, and bronchial fistulization, all of which are serious complications [18].
Rupture of cyst is the most frequent complication occurring in almost half of
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patients. It can occur intrabronchially or into the pleural cavity. Intrabronchial
rupture can cause hypersensitivity reactions and hydatoptysis which is the expec-
toration of cyst membranes and even parasites. Hydatid cysts can even erode into
major vessels such as the aorta [19]. Echinococcosis can involve the pleural cav-
ity, mediastinum, or chest wall. Secondary involvement of the diaphragm and
thoracic cavity with hydatid disease occurs in 1-16% of cases of hepatic hydatid
disease [20]. Surgical intervention in the treatment of pulmonary hydatid disease
is the treatment of choice; however pharmacotherapy is helpful as an adjunct ther-
apy. Surgery is indicated in most cases as operative mortality is low (1-2%), mor-
bidity rates are acceptable, and the recurrence rate is also low (1-3%) [21].
Indications for surgical intervention include large cysts that are peripheral with
risk of rupture, infection, anatomical location, and presence of substantial mass
effect. The most important technical point is to remove the entire cyst and pre-
serve as much lung parenchyma as possible. Surgical techniques include enucle-
ation, pericystectomy, cystostomy, open aspiration, and lung resection [19].
Enucleation is suitable only for small cysts less than 5 cm in diameter. Surgical
intervention for pulmonary hydatid disease is a safe intervention with good out-
comes, very low morbidity, and mortality. A meta-analysis by Athanassiadi et al.
of 4255 patients with pulmonary hydatid disease showed that surgical interven-
tion had only a mortality rate of 1.45% and a morbidity rate up to 17% with excel-
lent cure rate [22]. Video-assisted thoracoscopic surgery (VATS) is becoming a
very useful technique in the field of thoracic surgery. It has been employed for the
removal of peripheral and small cysts with lower morbidity compared to conven-
tional surgery [19].

Renal Hydatidosis

Renal hydatid cyst is one of the rare presentations of hydatid disease and constitutes
up to 3% of all cases. Patients may not report any symptoms for years [23]. Disease
involving the kidney may progress slowly with vague complaints, leading to pro-
gressive damage of the kidney putting it at risk of loss of function. Early diagnosis
is mandatory using a combination of modalities including proper clinical history,
imaging, and laboratory testing. Cyst rupture into the urinary collecting system
leading to hydatiduria is one of the complications although it is seen in only 10-20%
of cases and is usually microscopic rupture only. Gross rupture and passage of cyst
contents is uncommon, but if it is present, it makes the diagnosis much easier. Renal
ultrasound helps in the diagnosis when daughter cysts and floating membranes are
visualized; however the accuracy of ultrasound remains operator dependent. A CT
scan remains the gold standard for proper diagnosis with an accuracy of 98% and
extremely high sensitivity to visualize daughter cysts [24] PAIR is usually success-
ful for renal hydatid cysts. However, surgery remains the best modality of treatment
and disease control via renal sparing cystectomy avoiding renal parenchymal
destruction [23, 24]. Nephrectomy must be reserved for extreme cases of destroyed
kidneys only.
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Rare Locations

Rare locations for hydatid disease have been reported and include the myocardium,
brain, spine, adrenal gland, pancreas, gallbladder, ovaries, and bones.

Brain involvement with hydatid disease is rare and has been reported in up to 2%
of all cases [25]. Patent ductus arteriosus and patent foramen ovale are recognized
risk factors. Primary hydatid disease of the brain can present clinically as intracra-
nial space occupying lesion with clinical manifestations based on the location of the
cyst. This is more common in children. Surgery remains the best therapeutic option
with acceptable rates of morbidity and low mortality [26].

Primary adrenal hydatid disease accounts for only 0.5% of all reported cases
[27]. One of the reported cases included a case of adrenal hydatidosis complicated
by fistulization to small bowels that was managed through laparotomy and en bloc
resection of the mass.

The incidence of cardiac echinococcosis is about 0.03—1.1% of all cases of
Echinococcosis. Surgery is mandatory in most cases due to the risk of rupture and
anaphylactic shock. However, early detection of cardiac echinococcosis is challeng-
ing, since symptoms manifest only when the cyst is large enough to compress adja-
cent structures or to rupture. Cardiac hydatid cysts are characterized by multiple
thin walls with a high tendency to invade the myocardium [28]. Cardiac magnetic
resonance (CMR) imaging is a useful tool for the diagnosis and presurgical
planning .

Hydatid disease can manifest initially in the pancreas in a small proportion of
patients. The head of the pancreas is more commonly involved. It can be misdiag-
nosed as a pancreatic pseudocyst or cystic neoplasms of the pancreas. Thus, it
should be thought of as part of the differential diagnosis in patients with cystic
lesions of the pancreas in endemic regions [29]. Surgery remains the best definitive
diagnostic and therapeutic tool available. Management options include laparoscopic
cyst excision, percutaneous drainage, or cystectomy with deroofing and drain-
age [29].

The gallbladder is one of the least common anatomical locations for primary
hydatid disease. So far, only five cases have been reported in the medical literature
[30]. One of the hypotheses to explain the pathogenesis of gallbladder hydatid dis-
ease is the contamination of gallbladder via biliary route. Proper diagnosis can be
difficult in terms of localization of primary gallbladder hydatid cysts, which is not
always easy due the anatomical proximity of the gallbladder to the liver. Total peri-
cystectomy with cholecystectomy is the classical surgical approach, with careful
dissection at the pericystic wall to avoid any biliary injuries or radical liver resection
[30, 31].

Hydatid disease can affect the spine in 0.2—1% of reported cases. Unless there is
a clinical suspicion of hydatid disease of the spine to consider performing neuroim-
aging, this curable disease will be missed by most clinicians. It may manifest
through compression symptoms, most commonly presenting with radiculopathy
[32]. Magnetic resonance imaging (MRI) is the preferred imaging modality in the
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diagnosis of spinal hydatid disease. The initial treatment option is surgical excision
for neural decompression. The type of surgical intervention, extent of resection, and
the need for spinal stabilization depend on the location and extent of destruction
leading to spinal instability [33].

Role of Serological Testing

Laboratory tests for Echinococcus infection include Casoni intradermal skin test,
Weinberg complement fixation (CF) test, hemagglutination inhibition (HAI),
enzyme-linked immunosorbent assay (ELISA), and IgE testing. These tests help in
establishing the diagnosis; however false-negative rates are concerning especially
in cases of intact hydatid cysts whereby the antigens are sequestered [27, 34]. In
addition, it has been shown that the rates of seropositivity are generally higher in
liver hydatid disease compared to other organ involvement. Hepatic hydatid dis-
ease has been confirmed in 80-94% of the patients via immunologic tests, but
extrahepatic hydatidosis was only confirmed in 65% of cases, even if multiple tests
were applied.

Role of Anthelminthic Therapy

In most cases, pre- and postoperative courses of albendazole ought to be consid-
ered to sterilize the cyst, to diminish the opportunity of anaphylaxis, to diminish
the pressure in the cyst wall, and to decrease the recurrence rate. Albendazole
inhibits tubulin, causing blockage of glucose absorption, leading to glycogen
consumption and degenerative alterations in the endoplasmic reticulum and
mitochondria of the germinal layer, in this way enhancing lysosomal activity
inducing cell autolysis [35]. A study demonstrated that surgery combined with
antiscolicidal agents such as albendazole showed better results in terms of treat-
ment and recurrence rates compared to surgery alone [36]. Albendazole therapy
requires a minimum period of 11 days to have an incremental response, with a
recommended dosage of 10—15 mg/kg/day, twice daily. However, there are sev-
eral contraindications for anthelminthic therapy, including risk of rupture espe-
cially for large cysts, bone marrow suppression, and pregnancy especially in the
first trimester [37].

Conclusion: Hydatid disease is a common disease in agricultural and animal
raising societies and is considered endemic in the Middle East. It carries significant
burden on public health and economy. Extrahepatic hydatid disease has been
reported in several anatomical locations including the abdominal cavity, retroperito-
neum, spleen, kidneys, adrenals, and even myocardium. Clinicians shall keep a low
threshold for proper diagnosis of hydatid disease and consider the best curative
approach whether surgical or conservative based on the clinical presentation, loca-
tion, and extent of hydatid disease.
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The Role of Surgery in the Management 1 2
of Echinococcus multilocularis

Daniel Paramythiotis and Vasileios N. Papadopoulos

Introduction

Echinococcosis is a zoonosis caused by infestation with any of 4 (of the 16) mem-
bers of the Echinococcus genus, namely, Echinococcus granulosus, Echinococcus
multilocularis, Echinococcus oligarthus, and Echinococcus vogeli. Furthermore,
human alveolar echinococcosis (AE) is a rare parasitic disease caused by the
pseudo-cancerous hepatic development of the larval form (metacestode) of the ces-
tode Echinococcus multilocularis. The developing cysts may become very danger-
ous because of their unlimited budding outwards and their ability to infiltrate nearby
organs as well as metastasize to the brain, lungs, mediastinum, and other tis-
sues [1, 2].

The endemic areas of the disease are located in the Central and Eastern Europe,
Russia, Central Asia, China, northern Japan, Alaska, as well as in Canada and in the
central-northern USA, where E. multilocularis infection is emerging. In Europe and
in highly endemic areas, the annual incidence of AE is 2/100,000 of population;
there has been an increase in the incidence in areas previously identified as endemic,
and moreover, AE is now present in countries previously considered free from the
disease, such as the Eastern-Central and Baltic States [2].

Definitive hosts for AE are mainly red foxes; however other carnivores may
also contribute to the disease cycle. The intermediate hosts are typically small
rodents and rarely humans. Growing fox populations in Europe, especially in
urban areas, may indicate a potentially increased infection risk for humans with a
lag phase of one to two decades. In addition to this, since AE is often not consid-
ered in the differential diagnosis, the disease remains under diagnosed in
Europe [3].
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AE is characterized by an initial asymptomatic incubation period of 5-15 years
and a subsequent chronic course with clinical symptoms that may include epigastric
pain, fever, jaundice, and hepatomegaly. Diagnosis depends on imaging examina-
tions, serologic tests, and pathologic findings, because the clinical presentation is
usually nonspecific. Ultrasonography (US), computed tomography (CT) scan, and
magnetic resonance (MR) imaging are the most useful methods of diagnostic imag-
ing. Without timely diagnosis and therapy, the prognosis is grim, as in the era prior
to antihelminthic treatment, the cumulative lethality for AE was about 90% 10 years
after the diagnosis [3]. Surgery remains the cornerstone of treatment, combined
with parasite-static chemotherapy.

Radical Resection

The World Health Organization-Informal Working Group on Echinococcosis
(WHO-IWGE) PNM classification system (Table 12.1), based on imaging findings,
has been established as a standardized method for reporting the extent of the dis-
ease, while it may also guide therapeutic decisions (Table 12.2) and help estimate
the resectability of the lesion, or else the likelihood of achieving radical resection
[4]. Analogous to the TNM classification for malignant tumors, it reports the exten-
sion of the parasitic mass in the liver (P), the involvement of neighboring organs
(N), and the presence or absence of metastases (M).

Based on the PNM classification, alveolar echinococcosis is further described as
follows:
e Stage I: P1 NO MO.
e Stage II P2 NO MO.
e Stage IIIA: P3 NO MO.

IIIB: P1-3 N1 MO or P4 NO MO
e Stage IV: P4 N1 MO or Any P Any N and/or M1.

Table 12.1 The PNM classification for alveolar echinococcosis

P Hepatic localization of the parasite

Px  Primary tumor cannot be assessed

PO  No detectable tumor

P1  Peripheral lesions without proximal vascular and/or biliary involvement

P2 Central lesions with proximal vascular and/or biliary involvement of one lobe

P3  Central lesions with hilar vascular or biliary involvement of both lobes and/or with
involvement of two hepatic veins

P4 Any liver lesion with extension along the vessels (inferior vena cava, portal vein and
arteries) and the biliary tree

N Extra-hepatic involvement of neighboring organs

Nx Not evaluable

NO No regional involvement

NI Regional involvement of contiguous organs or tissues

M The presence of distant metastasis

Mx Not completely evaluated

MO No metastasis (chest x-ray and brain computed tomography negative)

M1 Metastasis
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Table 12.2 Consensus view on stage-specific approach to alveolar echinococcosis

WHO-IWGE Interventional ~ Drug Resources
classification Surgery treatment therapy  Suggested approach setting
PINOMO Radical resection (RO) Optimal
\/ Antiparasitic drugs for
2 years
vV PET/CT controls
Radical resection (R0O) Minimal
Antiparasitic drugs for
3 months
P2NOMO Radical resection (R0O) Optimal
\/ Antiparasitic drugs for
2 years
\/ Radical resection (R0O) Minimal
Antiparasitic drugs for
3 months
P3NOMO Antiparasitic drugs Optimal
continuously
v PET/CT/MRI scan initially
and in intervals of 2 years
Antiparasitic drugs Minimal
continuously
P3NIMO Antiparasitic drugs Optimal
continuously + PET/CT/
MRI scan initially and in
intervals of 2 years
\/ \/ Surgery, if indicated Minimal
P4NOMO Antiparasitic drugs Optimal
continuously + PET/CT/
MRI scan initially and in
intervals of 2 years

\/ \/ Surgery, if indicated Minimal
P4NIMI Antiparasitic drugs Optimal
continuously + PET/CT/

MRI scan initially and in
intervals of 2 years
\/ \/ Surgery, if indicated Minimal

WHO-IWGE has further suggested therapeutic approaches, according to the
stage of the disease and the resources available to each facility.

Hepatectomy, as a means of radical resection of the lesion, remains the gold
standard therapy for AE, when such a resection is feasible, even though this is often
difficult to achieve because of echinococcal dissemination into host tissues.
Additionally, the surgical therapy for hepatic AE should follow the operative prin-
ciples guiding excision of malignant liver tumors and, more specifically, in toto
removal of the tumor with an additional safety distance of 2 cm in order to achieve
tumor free resection margins [3]. As mentioned above however, since in the major-
ity of patients the disease has already advanced when the diagnosis is established,
curative resection rates have been reported to be as low as 20%, with an estimated
average of 35% [5].
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When hepatectomy is performed, it ought to be classified according to the qual-
ity of resection: RO, no residual disease; R1, microscopic residual disease; and R2,
macroscopic residual disease. Recently, studies have suggested that R1 resection,
i.e., with a safety margin <1 cm and/or microscopic remnants, may lead to almost
equal overall survival rates as RO resection and almost 100% disease progression-
free rate, when continuous antiparasitic treatment is employed. Such results should,
however, be confirmed by prospective studies [6].

While it is true that the complete disappearance of the parasitic lesion until the
last cell is the therapeutic goal in AE [6], the extent of hepatic resection must be
adapted to the location and volume of the pseudo-tumorous mass, due to the risk of
postoperative liver failure. If the lesion is solitary and peripheral, or limited to the
left lobe, resection is simple; if there are multiple parasitic pseudo-tumors, the mag-
nitude of surgery will depend on the possibility to safely resect all lesions. In most
of the cases, this entails a right hepatectomy, often extended to segment IV or to
segment I. In addition to this, since the intrahepatic common bile duct is frequently
involved, it is often necessary to excise the bile duct bifurcation and reconstruct the
biliary tract with similar techniques as those employed in the treatment of hilar
cholangiocarcinoma [6].

Notwithstanding the fact that radical resection remains the primary goal, non-
radical liver resections, which were regarded in the past as beneficial for reducing the
burden of disease, are not currently considered as being superior to conservative treat-
ment [6, 7]. Therefore, palliative surgery should be avoided whenever possible.
However, the diversity of AE manifestations sometimes results in a case-by-case man-
agement, such as R1 or even R2 resections, which may be necessary to effectively
deal with a septic focus, provided that RO resection is impossible and/or if percutane-
ous or endoscopic drainage, which should be attempted first, is not effective [4].

Lesions not confined to the liver do not represent a contraindication to surgery
per se; however curative procedures ought to meet the RO resections criteria as well.
Lesions in other organs (e.g., the brain) may be managed either by surgery or by
conservative means [4]. AE patients with any kind of immunosuppression (cancer,
hematological malignant disorder, chronic inflammatory disease) are still candi-
dates for radical resection, provided that the associated condition allows for hepatic
surgery [6].

Spread of AE to regional lymph nodes in man has not been encountered in the
past, and thus, systematic lymph node dissection is not recommended as a standard
procedure. However, in a fairly recent report, an excised regional hepatic lymph
node was infested with the parasite, leading the authors to state that omitting the
prophylactic regional lymph node resection would have allowed for remaining para-
sitic tissue, rendering the surgical procedure non-radical. The authors conclude that
resection should be extended to the removal of regional lymph nodes as a routine,
as a means of reducing the risk of persistent infection. Perhaps, a prospective study
should look into the spread of AE to regional lymph nodes and the possibility of
recurrence, in order to clarify this issue [8].

Finally, it has to be mentioned that nowadays, more than half of the patients are
diagnosed incidentally after imaging procedures performed for unrelated conditions
and that a marked trend toward a reduction in the percentage of surgical operations
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is observed (albeit accompanied by an enormous increase in the percentage of radi-
cal operations/total number of operation). Furthermore, it is obvious that hepatic
surgery for AE demands a highly specialized surgical team, as well as the appropri-
ate resources for major hepatic surgery, since only in specialized centers may the
intraoperative and immediate postoperative mortality of the procedure range as low
as 0-2% [6]. It has been also reported that the most relevant factors for postopera-
tive mortality are the presence of Budd-Chiari syndrome and hypoalbuminemia [5].

Postoperative antiparasitic drug treatment and long-term follow-up are manda-
tory in all cases after radical resection of the lesion, for a span of at least
2-10 years [4, 7].

Liver Transplantation

Based on the European Liver Transplant Registry data for the time period of
1968-2010, AE of the liver was treated with transplantation in 77 (0.09%) of 90,257
patients with a 69% 5-year survival rate in 63 of these patients [2]. Liver transplan-
tation (LT) should be reserved for patients with severe liver failure or recurrent life-
threatening cholangitis and the inability to perform a radical liver resection for AE
(PNM stage IITA, IIIB, and IV). On the other hand, long-term administration of
immunosuppressive therapy may increase the risk of disease recurrence and the
formation or growth of metastases. In addition to this, LT is contraindicated in the
presence of extrahepatic locations of the disease and if immunosuppressive drugs
and/or antiparasitic drugs cannot be administered [4, 7, 9].

Since the advent of the twenty-first century, LT for echinococcosis has decreased
significantly in the Central Europe (especially in France), possibly as a result of
better imaging techniques, as well as the development of highly sensitive diagnostic
tests, leading to earlier diagnosis of the disease and therefore earlier treatment [6,
9]. Furthermore, in addition to the recommendations of Brunetti et al. [4], the short-
age of donors, as well as the trend to promote antiparasitic drug treatment combined
with nonsurgical interventional procedures in cases with advanced AE, have also
contributed to the decrease of the number of liver transplantations (LT) [6]. Sporadic
reports of LT for echinococcosis are still being published from different countries
around the world, including Poland, China, Germany, Spain, Switzerland, Belgium,
Kyrgyzstan, and the USA, and mostly from Turkey as an endemic country in the
Middle East [9].

Due to the late diagnosis and previous surgical interventions, the echinococcosis-
related LT procedure is often even more technically challenging. In addition to this,
direct involvement of the adjacent organs may require extensive resection during
the LT [2].

Pre-transplant administration of antiparasitic drug therapy is recommended by
WHO-IWGE, preferably for at least 6 weeks, and recommencing it as soon as pos-
sible postoperatively, preferably during the first 2 weeks after transplantation, since
recurrence of AE is the main risk of the late deaths after LT [2, 4, 10]. The duration
of post-transplant antiparasitic therapy is largely unknown yet, unfortunately. A
combination of assessing the dynamics of specific serological tests results, as well
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as results from [18F]-2-fluoro-2-deoxyglucose positron emission tomography/CT
(FDG PET/CT) in long-term follow-up, may be useful, although the point of time
when negative findings should relatively safely allow for discontinuation of such
therapy has yet to be established [2, 11]. Nevertheless, continuous administration of
antiparasitic drug treatment for at least 2 years after LT is necessary [10].

The most significant problem after LT is recurrence of AE, mainly seen in the
graft, lungs, diaphragm, spleen, brain, but also in mediastinum. The WHO-IWGE
does not recommend transplantation in patients with metastases; therefore, thor-
ough pre-transplantation evaluation for extrahepatic manifestation of the disease is
of utmost importance. Metastases are observed in 20% of the cases, and PET scan
may be helpful in the diagnosis of residual or recurrent lesions [4, 10, 11].

Presence of an extrahepatic lesion before LT and prolonged immunosuppression
are two main risk factors for recurrence of AE. Immunosuppressive treatment after
LT may promote a rapid growth of AE metastases by suppression of cellular immu-
nity that is crucial for control of the parasite’s growth [10, 11]. Even more, in addi-
tion to immunosuppression, a delayed reintroduction of antiparasitic drug treatment
after LT is also an unfavorable factor for recurrence.

LT is associated with very good long-term outcomes, characterized by a 5-year
survival rate of 85% [2].

Ex Vivo Liver Resection and Autotransplantation

Liver transplantation, albeit employed in the past in cases where radical resection of
the AE lesions was not feasible, has several potential complications that have led to
LT being even less and less utilized. Such short- and long-term post-transplant com-
plications include possible disease recurrence associated with the administration of
immunosuppressive agents, while the lack of donors and the high financial cost
have also limited the current use of liver transplantation in the treatment of final
stage AE [12].

To extend the limits of complete resection of the AE lesions, a team in China
reported the use of ex vivo resection, followed by autotransplantation of the
AE-free liver segments. This technique, which was developed and utilized by
Rudolf Pichlmayr and his team in Germany for the treatment of “unresectable”
hepatic tumors in the 1990s, could potentially represent an alternative to liver
allotransplantation in AE. What makes this technique especially interesting is the
fact that AE represents a chronic tumorlike infectious disease exquisitely sensitive
to immunosuppressive therapy; therefore autotransplantation and the subsequent
avoidance of such therapy may lead to fewer complications and less recurrence of
the disease [6]. Conventional hepatic surgery was not considered adequate when
the lesion invaded the hepatocaval region with the three hepatic veins and the
retrohepatic vena cava, and the lesion invaded the tertiary portal and arterial sup-
ply, requiring a complex reconstruction beyond the time that the liver can toler-
ate [12].
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The pioneer surgeons insisted on a very thorough preoperative evaluation and
strict patient selection, as the procedure itself is very demanding for both the
surgeon as a technique and for the patient’s physiology. Computed tomography
and magnetic resonance imaging were routinely used for the assessment of the
pseudo-tumor’s location, its extension, hepatocaval and portal hilum involve-
ment, and the presence or absence of extrahepatic metastasis. Autograft volumes
were calculated by using three-dimensional (3D) imaging and furthermore
weighed during the operation. Preoperative positron emission tomography scan-
ning was routine for monitoring the disease activity, any remote metastasis or
recurrence, and postoperatively, in order to monitor the subsequent liver regen-
eration. Phlebography was also carried out so as to identify the collateral circula-
tion caused by the chronic obliteration of the retrohepatic vena cava. Additionally,
preoperative percutaneous transhepatic biliary drainage (PTBD) was routinely
performed in patients with obstructive jaundice, in order to relieve the biliary
obstruction, aiming at a total bilirubin level less than twice the upper limit of the
normal value [12].

The median autograft volume was 788cm?® (range 370-1180 cm?), while the
median intraoperative weight of autograft was 706 g (380-1000 g), and the median
operative time was 15.5 h (range 11.5-20.5 h). There was no intraoperative mortal-
ity; however a patient died from hepatic failure 12 days after surgery, despite a sat-
isfactory remnant liver volume/function as evaluated before surgery: three patients,
including the one mentioned before, experienced postoperative complications
Clavien-Dindo grade Illa or higher. During the anhepatic phase, both temporary
interpositioned inferior vena cava and portosystemic shunts were necessary to
maintain hemodynamic stability and to prevent intestinal congestion in 7 out of 15
patients. Thirteen patients were followed for a median of 21.6 months with no AE
relapse; it should be noted that during surgery, the safe resection margin was guar-
anteed through repeated frozen sections and pathological examination in all cases
[6, 12].

At this point, it is important to note that since the parasite grows toward the por-
tal trunk, once the main portal branch becomes obstructed, decreased portal blood
flow may lead to atrophy of the affected lobes, especially of the right lobe, and
hypertrophy of disease-free lobes. As in most end-stage AE liver lesions, the right
portal vein is completely obliterated, and the left lobe becomes hypertrophied due
to increased portal blood flow, resulting as a matter of fact in a natural PV emboliza-
tion [12].

The authors of the study conclude that patients with end-stage hepatic AE may
be suitable for ex vivo liver resection and autotransplantation due to the parasite’s
specific growth patterns and sufficient resulting autograft volumes (left lateral lobe).
Since this technique requires no organ donor and no postoperative immunosuppres-
sive therapy, there are relatively lower costs compared to orthotopic liver transplan-
tation. The early postoperative mortality was low with acceptable morbidity;
however thorough preoperative assessment is necessary, and strict patient selection
is of the utmost importance [12].
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Conclusion

In the past 30 years, a major improvement of the prognosis of AE patients world-
wide has been shown, due to the use of antiparasitic drug therapy, the improvement
of existing surgical techniques, and the development of new surgical and nonsurgi-
cal interventional procedures. In the absence of any controlled study, management
recommendations are currently based only on the published experience of referral
centers or the expert opinion of international collaborations, a fact that should and
could change if appropriate funding to support prospective, multicenter studies
became available.

Whatever the therapeutic plan for a given patient, the treating strategy should be
discussed within a multidisciplinary team, while antiparasitic treatment should be
administered in all situations (regardless of the operative treatment). Finally, long-
term follow-up of the patient is essential in order to timely diagnose a lesion’s pro-
gression or recurrence.
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in Hydatid Liver Disease
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The liver is the most frequently involved organ by hydatid cysts (70% to 85% of
cases) [1, 2] The majority of patients with hydatid cysts of the liver are asymptom-
atic or mildly symptomatic. In general, some form of treatment is required includ-
ing medical, percutaneous, or surgical treatment, with the exception of small,
calcified, and inactive cysts. Appropriate treatment can usually been planned
depending on the biological activity of the parasite, the size and number of the cysts,
and their location in the liver. In about 30% of cases, patients with liver hydatidosis
present with complications, such as anaphylaxis, cyst suppuration, adjacent organ
compression, and rupture [3-6]. In a few circumstances, complications of hydatid
cysts may be life-threatening and necessitate surgical intervention in urgency or
emergency situations. Complications can occur for either infection of the cyst fluid
or rupture of the cyst. The aim of this chapter is to describe those challenging clini-
cal situations, analyzing the diagnostic features and the aspects of surgical treat-
ment. The following scenarios will be addressed:
1. Abscess formation of the cyst
2. Rupture of the cysts in the biliary tree
3. Rupture of the cyst in the peritoneal cavity
4. Liver cysts with thoracic involvement

Sporadic reports exist in the literature regarding extremely rare complications,
such as hydatid cyst rupture into hollow viscera such as the gallbladder, stomach,
duodenum, and in pericardium and vessels such as the aorta and inferior cava
vein [7, 8].
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The objectives of emergency treatment of complicated hydatid cysts should
include the control of the infectious process, as well as the evacuation of the content
of the cyst and the prevention of cyst recurrence.

Abscess Formation of the Cyst

Infection or abscess formation of the cyst represents the most common complica-
tion along with intrabiliary rupture [2, 6]. Superinfection and suppuration of the cyst
can be due to the invasion of bacteria from small cysto-biliary communications
through the pericystium or, more rarely, through the hematogenous route. Secondary
infections after non-radical cyst removal or incomplete PAIR procedures can also
occur. Abscess formation in the liver is a severe condition which can clinically man-
ifest with either mild signs of infection or even with septic shock [1-3]. Fever with
chills and right upper quadrant pain are the most common presenting symptoms.
Jaundice can be another clinical sign when the suppurated cyst fistulizes into the
biliary tract. A broad spectrum of nonspecific symptoms, including malaise, nausea,
and vomiting, can be present. The optimal treatment of liver hydatid abscess is still
a matter of debate, although open surgical approach remains the warranted manage-
ment along with wide-spectrum antibiotic therapy [9]. Traditionally, surgical
approach consisting in simple drainage, or surgical drainage associated with total
pericystectomy or various form of unroofing with debridement of the residual cav-
ity, has been considered the treatment of choice in suppurated liver hydatid cysts.
Although theoretically suppuration of the cyst may result in parasite death, patients
treated with simple surgical drainage usually need delayed surgery for the treatment
of the cyst; indeed new episodes of infection and chronic complications may occur.
When emergency surgery is warranted, radical treatment including total pericystec-
tomy, eradication of the parasites, and closing of the cysto-biliary fistulas can be
difficult to achieve. Percutaneous drainage has been considered a contraindication
for years due to the risk of anaphylactic reaction and possible parasitic dissemina-
tion. Recently, however, percutaneous CT-guided drainage has been used as a first
therapeutic step prior to surgery in few selected cases [9]. The purulent material
obtained is sent for culture, in order to give antibiotic therapy adapted to the antibi-
otic sensitivity testing along with anti-parasitic therapy. Escherichia coli is the most
frequently isolated bacterium. According to some authors, percutaneous drainage
can be useful as a therapeutic bridge to more radical and safer surgery.

Rupture of the Cyst in the Biliary Tree

Biliary rupture is considered the most common complication, accounting for 60%
of total complications, and occurs in 10-25% of patients affected by liver hydatid
cysts [10, 11]. This complication occurs more often in the biliary ducts of the right
lobe (55-60%), less commonly in those of left lobe (30-35%), and rarely in the
common bile duct [12]. Cysto-biliary communication can arise from compression
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of cyst on the bile ducts or from the trapping of small biliary radicals in the pericys-
tic wall. The cysts sited in the central segments and those with diameter over 10 cm
are more likely to form communications with the biliary system, as well as multi-
vescicular cysts [13, 14]. Depending on the size and location of cysts, rupture and
fistulization can occur in small-caliber ducts or major biliary ducts, leading to dif-
ferent clinical situations, which can range from asymptomatic to jaundice, cholan-
gitis, liver abscess, and septicemia [12]. Related cholangitis should be suspected in
a patient, coming from an endemic area, presenting with sudden onset of jaundice,
fever, and abdominal pain. Rarer clinical complications, such as acute cholecystitis
and acute pancreatitis caused by hydatid remnants within the bile ducts, have been
described [10, 12]. Minimal leakages between the laminated membrane of the cyst
and the surrounding pericystium may cause scarce adsorption from small biliary
ducts and result in an asymptomatic picture, although some forms of sensitivity to
the hydatid antigen can occur. Large unilocular cysts can compress the surrounding
parenchyma and the bile ducts, causing erosion of their wall and subsequent spill-
age of the hydatid fluid through the interrupted laminated membrane and the peri-
cystium. This fact allows the passage of the cyst contents into the duct once the
frank intrabiliary rupture takes place [15]. Multilocular cysts contain a variable
number of vital daughter cysts floating in a turbid semi-liquid material, which can
pass into the biliary system in case of rupture. Cysto-biliary communications greater
than 5 mm allow the contents of the cyst to drain into the bile duct, while in smaller
communications cystic material barely drains into the ductules [10]. The possibility
of complete evacuation of unilocular cyst fluid through a large-boring biliary fistula
has been described, with consequent spontaneous clinical resolution. However,
cysts ruptured in the biliary system usually cause symptoms related to biliary infec-
tion. Common symptoms are jaundice, abdominal pain, fever, nausea, vomiting,
and urticaria. A mass in the right upper quadrant may be palpable. Positive hydatid
serology has been reported in 75-86% of patients with intrabiliary rupture [10].
Laboratory exams show leukocytosis with eosinophilia, direct hyperbilirubinemia,
and abnormal liver tests. When dealing with a jaundiced patient having hydatid cyst
of the liver, intrabiliary rupture should be suspected, although the presence of jaun-
dice in those patients can be also related to other causes, such as compression of the
main biliary ducts by one or more large intact cysts. Cysto-biliary fistulization can
be visualized preoperatively with CT scan and/or magnetic resonance cholangiog-
raphy, which have sensitivity of 75% and 92% for the diagnosis of frank intrabiliary
rupture, respectively [10]. When a cysto-biliary communication is diagnosed
through CT scan or MRI, and hydatid elements are clearly seen in the bile ducts,
endoscopic retrograde cholangiopancreatography (ERCP) with or without plastic
biliary stent placement may represent the first treatment step, which can lead to
resolution of the jaundice and the signs of infection (Fig. 13.1). According to some
studies, such an approach can be useful to overcome acute cholangitis and biliary
obstruction prior to elective surgery for cyst treatment. Furthermore, ERCP may
reduce the risk of postoperative persistent biliary leakage [10, 12]. In the absence of
preoperative drainage and decompression of the biliary tree by means of ERCP,
patients with cysts ruptured into the biliary system should have urgent surgery, due
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Fig. 13.1 Contrast-enhanced CT scan of the abdomen in a 76-year-old woman presenting with
jaundice, fever, and abdominal pain. The image shows three large hydatid cysts of the liver, one of
which presents partially calcified wall. Preoperative ERCP, with endoscopic sphincterotomy and a
biliary occlusion balloon, permitted empying of the biliary tree from hydatid membranes and relief
of symptoms of cholangitis

Lo

Fig. 13.2 (a, b) Radical pericystectomy in patients with large hydatid cysts of the liver ruptured
in the biliary tree

to the high risk of severe cholangitis, abscess formation, and sepsis. The objectives
of surgery are the treatment of the cyst, the repair of the cysto-biliary fistula, and the
cleaning of the biliary ducts. Radical pericystectomy is ideally the best form of
treatment for those patients and can be performed by surgeon expert in the treatment
of liver hydatidosis (Fig. 13.2). However, in the majority of cases, surgical opera-
tions mostly consist of various forms of conservative techniques, such as combina-
tion of deroofing, partial cystectomy, cleaning and drainage of the cyst cavity, and
omentoplasty. Communicating ducts of limited size are sutured on healthy liver
parenchyma after removal of the cyst wall. In patients with large frank intrabiliary
fistulae and in whom opening of the common bile duct is needed, the placement of
a T tube is warranted after proper treatment of the cyst, closure of the fistula, and
extensive intrabiliary washing. It can be used for intraoperative and postoperative
cholangiography, and it can allow for removal of residual cyst material. Undiagnosed
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communications between the cyst and the biliary ducts sometimes are seen intraop-
eratively and are commonly suspected when bile is present in the cyst content. In
uncertain cases, intraoperative cholangiography, use of methylene blue injection
from the cystic duct through a catheter can be used for visualizing the cysto-biliary
communications. Surgical treatment of cysto-biliary communications in patients
having hydatid liver cysts is linked to significant mortality and morbidity. Ramia
et al. reported postoperative mortality in frank intrabiliary rupture ranging from
1.25% to 7% and postoperative morbidity between 16.7% and 55% [10].
Postoperative formation of biliary fistulae is the most common complication, with a
reported incidence higher than 50% of cases [12, 16]. Low output fistulas (less than
200 mL/day) usually close spontaneously, while high-volume persistent fistulas
require prompt treatment by means of ERCP. Redo surgery with jejuno-biliary anas-
tomosis is seldom necessary in refractory cases.

Rupture of the Cysts in the Peritoneal Cavity

Intraperitoneal rupture of hydatid cysts is a complication seen in 1-16% of cases
and may result from trauma or from spontaneously increasing of intracystic pres-
sure [1, 3, 16-18]. While the exact mechanism leading to spontaneous rupture is not
clearly defined, it is mostly seen in patients with large (>10 cm) subcapsular cysts.
In such situations, in fact, there is no hepatic parenchyma surrounding the cyst and
the cyst content spills into the peritoneum with hydatid fluid and daughter cysts.
Contamination of the peritoneal cavity by cyst content bears the immediate risk of
anaphylactic reaction, which can also be fatal [6, 8]. The contact of the hydatid fluid
and protoscoleces in the peritoneal surfaces, indeed, can cause various grades of
allergy-related reactions, which were reported to be present in about 25% of cases
during intraperitoneal rupture of hydatid cysts. While the small wall leakages are
the more common form of ruptured cysts in the peritoneal cavity, massive ruptures
may also occur. Free ruptures of liver hydatid cysts of the liver, when systemic ana-
phylactic reaction does not occur, can result in disseminated abdominal hydatidosis.
When minimal fissures present in the cyst surface, diffuse implantation of scolices
in the peritoneum and surface of abdominal organs may lead to so-called forms of
“metastatic hydatidosis.” In those cases, slow-arising ascites and abdominal disten-
sion can occur [18]. In cases of peritoneal effusion of uncertain diagnosis, a battery
of serologic tests is available to evaluate antibody response against Echinococcus
granulosus, but all are limited by low sensitivity and specificity. In the absence of
allergic reactions, the symptoms are related to the type of rupture and the rapidity to
peritoneal cavity invasion. Large and sudden leakages may result in acute peritonitis
and hemodynamic instability. The typical symptoms of frank hydatid cyst rupture
are epigastric pain and vomiting, along with clinical signs of shock and peritoneal
irritation. The possibility of a ruptured hydatid cyst should be taken into account in
the differential diagnosis of the acute abdomen in patients residing in an endemic area.

Ultrasound is nowadays the first image approach in patients with acute abdomen
and can be helpful in correctly visualizing the hepatic cyst and the peritoneal fluid
collection; however, contrast-enhanced CT scan of the abdomen and pelvis remains
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the gold standard to confirm the diagnosis and to identify co-existing complications.
CT scan findings are free intra-abdominal fluid along with a liver cyst with a
detached membrane and signs of rupture, while rarely the scanner allows direct
visualization of the solution in continuity with the cyst wall. Ruptured hydatid cysts
should be promptly diagnosed, as they require emergency intervention. A rapid
diagnosis and emergency surgery play a pivotal role in decreasing patient deaths
and postoperative complications related to this rare clinical entity. In patients pre-
senting with hemodynamic shock, resuscitation with intravenous fluids and hydro-
cortisone is usually required immediately before emergency laparotomy. Aims of
surgical management are the treatment of peritonitis and broken hydatid cyst.
Abundant peritoneal washing with isotonic solution and drainage along with sam-
pling of peritoneal effusion for bacteriology are mandatory, even in cases of clear
peritoneal effusion. Use of hypertonic saline, which does have a scolicidal activity,
is usually reserved for washing of the residual cavity of the cyst, because its use may
be associated with hypernatremia. As for treatment of the ruptured hydatid cyst,
conservative methods such as either partial pericystectomy or unroofing and drain-
age of the remnant cavity are the preferred techniques in the emergency setting.
Attention should be given to removing all of the cyst contents, including hydatid
sand. Radical surgery, such as pericystectomy, in the case of rupture may be difficult
to perform and may be considered in very select cases. After surgical operation,
albendazole therapy is generally started to prevent recurrences.
Peritoneal cavity needs to be washed with isotonic saline and drained.

Liver Cysts with Thoracic Involvement

Intra-thoracic rupture of cysts occurs in 1% of patients with liver hydatidosis and
represents a serious complication with high rates of mortality and morbidity, in
spite of advances in surgical techniques and critical care. Liver cysts can rupture in
the thoracic cavity spontaneously or following a trauma [19-21]. That complica-
tion occurs more frequently in patients with large hydatid cysts of the liver abutting
the diaphragm, located in the superoposterior segments, especially if the content
and the wall of the cystic lesion are infected. Gradual growing and increasing of
intracystic compression cause adhesion and erosion of the muscle fibers of the
diaphragm. During the initial phases, persistent inflammation results in adhesion
and formation of sterile pleural effusion, with silent or asymptomatic clinical pic-
tures. As the inflammation progresses, the wall of the cyst erodes into the pleural
cavity through the diaphragm, with possible formation of pleural empyema or
hydropneumothorax causing fever, thoracic pain, cough, and dyspnea. Purulent
leakage of the cystic content in the pleural cavity may result in intra-thoracic dis-
semination of daughter cysts (pleural hydatidosis). Extension of the infectious pro-
cess to the inferior lobe of the lungs may cause pneumonia, pulmonary abscess,
and/or cysto-bronchial communications [21, 22]. In such situations the clinical
manifestations are various, ranging from mild forms presenting with fever and dry
cough to severe pictures with worsening dyspnea, acute respiratory failure, and
anaphylactic shock. Frank rupture of the cyst into the bronchial tree represents a
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very serious event associated with dismal prognosis and usually manifests with
severe dyspnea and emission of hydatid membrane and daughter cysts with cough
and expectoration. Early diagnosis of liver cyst communications with the pleural
cavity or the pulmonary parenchyma is of paramount importance in order to plan
appropriate treatment. Emission of bile with expectoration can be present and is a
clear sign of bronchobiliary fistula. Chest x-ray usually shows subdiaphragmatic
calcifications and pleural effusion. CT scan of the thorax and abdomen is the main-
stay for demonstrating pulmonary involvement, and it is essential for surgical plan-
ning [21]. Surgical approach changes depending on site and size of the cyst,
extension of diaphragm erosion, and size of the fistula. The surgical management
of patients with thoracic complications of liver hydatidosis is a complex one due to
fact of contemporaneous involvement of the liver, diaphragm, and lung [21]. Some
authors suggest only treating the hydatid liver cyst and repairing the diaphragm, as
the pulmonary infection may resolve after the abolition of the cysto-thoracic com-
munication; however, a simultaneous treatment of liver cyst along with its thoracic
complication is warranted [22]. While sometimes thoracotomy access allows pleu-
ral washing and debridement, along with repair of the diaphragm defect and partial
resection of the liver cyst, thoraco-abdominal access is warranted in cysts ruptured
in the thoracic cavity [21, 23]. Radical pericystectomy remains the treatment of
choice; however conservative treatments could be considered safer in cases in
which the inflammation process is particularly severe or the cysts are large and in
close proximity to hepatic veins. The diaphragm should be closed in layers. In
general, use of meshes for diaphragmatic repair should be avoided because of the
infection; however when primary repair is not possible, a biological mesh should
be considered. In some cases, in which pulmonary necrosis or large pulmonary
involvement is present, atypical pulmonary resections are needed (Fig. 13.3).
Attention should be paid to meticulous repair of possible bronchial fistulas. When
bronchobiliary fistula is present or suspected, postoperative ERCP is suggested

Fig. 13.3 (a, b) Axial and coronal contrast-enhanced CT scan in a 44-year-old man. The images
show a large hepatic hydatid cyst eroding the diaphragm and involving the inferior lobe of the right
lung, with broncho-biliary communication. Through a thoraco-abdominal incision, radical pery-
cistectomy, direct diaphragmatic repair, and atypical pulmonary resection was performed
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[21

, 24]. Pleural decortication may help lung expansion. A water seal drainage tube

is placed before closing the thoracotomy.
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Management of Cystic Echinococcosis 1 4
Complications and Dissemination

Leon Naar, loannis Hatzaras, and Nikolaos Arkadopoulos

Echinococcosis in humans results from infection by the larval stages of Taenia echi-
nococcus. So far, six different species have been recognized, but four are of particu-
lar public concern [1]. Despite our increased medical knowledge and better control
of echinococcal disease, it still remains a major public concern in several countries.
The highest incidence of echinococcosis is noted in southern South America,
Mediterranean countries, the Middle East, southern and central parts of the former
Soviet Union, Central Asia, Australia, China, and parts of Africa. Echinococcosis is
not a common disease in the USA, but increased rates have been noted in Alaska,
California, Utah, Arizona, and New Mexico [1-3]. The most common sites for
hydatid disease in humans include the liver and the lungs [4]. Due to the slow
growth of the cysts, patients with echinococcosis can sometimes be diagnosed by
the development of complications, some of which may be life-threatening. Due to
the great number of organs that may be affected (liver, lungs, spleen, CNS, kidneys,
etc.), there are various complications described in the literature, mainly in the form
of case-reports (cancer, portal hypertension, Budd-Chiari syndrome, esophageal
and gastric variceal bleeding, cerebral vessel aneurysms, hemorrhagic strokes, etc.)
[5-10]. The aim of this chapter is to describe the predominant complications associ-
ated with echinococcosis, as well as the management of disseminated disease.

Genesis of Complications

The complications seen in patients with hydatid cyst can be divided into two catego-
ries, based on the growth phase of the cyst. In the first phase of growth, the cyst is
filled with liquid. If the pressure of the liquid exceeds the resistance of the pericysts,
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there is increased risk of rupture. During this stage of development, rupture of the
cyst wall can lead to acute anaphylactic reactions, secondary infections, and com-
pression with “mass effect” of adjacent structures. The second phase of growth is
characterized by the replacement of the fluid by scolices and membranes, together
with the formation of daughter cysts. The host is mounting an inflammatory reac-
tion that leads to the classic cystic wall calcifications. During this stage of growth,
the most common complication includes biliary rupture, either through a fissure or
due to fistula formation [11].

Liver Hydatid Cyst Rupture in the Biliary Tract

Rupture of a liver hydatid cyst in the biliary system is probably the most common
complications with an incidence documented to be between 5% and 25% [12—14].
Cyst-biliary tree communications occur more often in patients with hydatid cysts
located centrally in the liver, with cysts close to the liver hilum and in more
advanced stage and/or multivesicular cysts [15]. It is a serious complication that
makes management and surgical approach technically difficult. It has been shown
that the intracystic pressure rises as the diameter of the cyst increases, and this
causes the spontaneous rupture in adjacent bile ducts [16]. Another hypothesis
postulates that the first step is compression of the wall of the bile duct with subse-
quent ischemic necrosis and erosion into the bile duct [15]. Patients with rupture
in the biliary tract can be classified in two subcategories: those with occult rupture
(reported to be up to 90% of cases) that leads to suppuration only and those with
significant rupture and cyst — bile duct communication — that leads to passage of
cystic material in the bile (Fig. 14.1) [13, 15, 16]. Presence of cystic material in
the bile duct has also been associated with the diameter of the fistula. If the com-
munication is <5 mm, the chance of having passage of debris and membranes in
the bile duct is slim [15]. Independent predictors for the presence of occult leak-
age include history of nausea and vomiting, ALP >144 U/L, total bilirubin
>0.8 mg/dL, and cystic diameter >14.5 cm. Presence of nausea and vomiting is
thought to be due to the toxic effects of hydatid material. Similarly, independent
predictors for the presence of frank rupture include history of jaundice or jaundice
present currently on physical examination, cyst diameter >10.5 cm, presence of
suggestive ultrasonographic findings, and a type IV cyst on ultrasound [16]. Type
IV cysts include any complicated cyst, i.e., internal or external rupture, expansion
to adjacent structures, and secondary infection (Table 14.1) [17]. The cut-off for
diameter in frank rupture is lower, probably because frank rupture causes better
cyst evacuation. In a different study, presence of a fibrotic and/or calcified cyst
was identified in univariate analysis as a sign that increased the risk of a fistula
being present [18]. Based on the above, a surgeon should always suspect the pres-
ence of an intrabiliary rupture in patients with larger cysts that present with or
without symptoms and have laboratory documentation of cholestasis, even if ALP
and bilirubin are slightly increased. Bile duct dilation does not always signify the
presence of a communication, since large-sized cysts can cause external
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Fig. 14.1 Endoscopic retrograde cholangiopancreatography on a patient with spontaneous rup-
ture of an echinococcal cyst into the common bile duct. There is distention of the common bile duct
diameter, and the cyst material is seen as filling defect within the bile duct. Presence of membranes
and debris in the common bile duct can also lead to obstruction of the cystic or pancreatic duct
leading to cholecystitis or pancreatitis. In the appropriate candidate, ERCP can be both diagnostic
and therapeutic, with a sphincterotomy and potential stent placement which will empty the cyst
material in the duodenum. (Archives of our department)

Table 14.1 Types of hydatid disease and radiographic description of the findings [17]

Types of

hydatid

disease Description

Type I Initial-active phase. Three layers of the cystic wall are intact. Ultrasound shows

anechoic, well-defined cystic lesions with small echogenic foci (hydatid sand).
CT scan may reveal contrast enhancement from host tissue compression

Type Il Active-dissemination phase. Outpouching of new cysts from main cavity
(hourglass appearance). CT density of mother cyst is higher than the daughter
ones. Scattered calcifications may be seen

Type 111 Inactive phase. Disease cannot spread. Thick continuous (rim-like) wall
calcifications are seen, with possible decrease in cyst size
Type IV Complicated cyst (e.g., rupture of cyst, superinfection, mass effect)

compression of the duct or can be associated with choledocholithiasis [19].
Increased clinical suspicion leads to proper preoperative work-up that can decrease
the rates of redundant intraoperative bile duct explorations.

Patients with intrabiliary rupture of a liver hydatid cyst are usually asymptomatic
[20]. If they develop symptoms, this commonly include right upper quadrant pain,
jaundice, fever, and chills. In symptomatic patients, the most common finding is
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tender hepatomegaly. Patient presentation is very similar to that of biliary obstruc-
tion and cholangitis. Laboratory and serologic exams are not specific and usually
not helpful in diagnosing intrabiliary rupture [21]. The work-up should always
include liver imaging. The two most common diagnostic modalities used are
abdominal ultrasound and computed tomography (CT) scans that show the space-
occupying lesion in the liver. Presence of a cystic liver lesion with dilated common
bile duct and/or jaundice should always include hydatid cyst with potential intrabili-
ary rupture, especially in patients with history of travel or residence in endemic
regions. CT scans can sometimes show the wall defect on the cystic wall and can
detect cystic material as low-attenuating substance in the bile duct [15]. Importantly,
imaging techniques lose their sensitivity in patients with occult intrabiliary rupture.
The clinical suspicion of intrabiliary rupture should preferably be assessed with a
magnetic resonance cholangiopancreatography (MRCP) which can show the com-
munication of the bile ducts and the hydatid cyst [22]. Endoscopic retrograde chol-
angiopancreatography (ERCP) can also visualize the biliary system and potential
fistula, and in addition it offers the potential for bile duct manipulation. ERCP has
been recommended as standard of care in patients presenting with a stage IV cyst
and have a diameter that is greater than 10.5 cm [16]. However, ERCP has also been
associated with potential complications and should be used cautiously in patients
with vesicles, debris, and hydatid remnants in the biliary duct or in patients with
post-inflammatory changes that lead to bile stasis. Communication of the cyst with
the bile ducts can also be documented with a percutaneous transhepatic cholangiog-
raphy (PTC); however, this technique carries an increased risk for anaphylactic
reactions, due to the potential spillage of antigenic material within the abdominal
cavity, and should be reserved for patients who due to preexisting anatomy their
duodenum and ampulla are not readily available with upper endoscopy [16].

The cornerstone of management of patients with intrabiliary rupture includes
surgical cystectomy/cystotomy with removal of all daughter cysts, membranes, and
debris followed by surgical exploration of the common bile duct. The rates of radi-
cal surgical procedures used in patients with frank rupture are reportedly low in the
literature, especially due to the high complexity of the surgical procedure and the
need for an experienced hepatobiliary surgeon. A radical procedure is recommended
in patients with peripheral cysts, since only radical procedures can treat both the
communication and the cyst and have been shown to have lower postoperative com-
plications (decreased bile leakage, bilomas, and bile peritonitis rates) [20, 23, 24].
When non-radical techniques are used, the surgeon should decrease the size of the
cyst as much as possible, address the cyst-biliary communication, and leave a drain
in place [15]. Obtaining an intraoperative cholangiogram, recommended in all
patients, can protect patients from unnecessary bile duct explorations [16]. A very
useful intraoperative technique for the identification of a communication path
between the cyst and the bile ducts include placing a gauze in the cyst after evacua-
tion, filling the cyst with serum, and inserting air in the cystic duct through a cath-
eter, or using dyes, such as methylene blue [25, 26]. Intraoperative identification of
bile in the cystic cavity is not a criterion for frank rupture. Nevertheless, whenever
possible, the site of bile leakage has to be identified and sutured. Care has to be
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given during suturing, to avoid the development of an iatrogenic biliary tree obstruc-
tion [16]. All patients should receive broad-spectrum antibiotics, since higher rates
of infectious complications are expected due to the bile communications [16].
Potential delay in the surgical management of these patients can lead to suppurative
infection of the bile ducts, septicemia, and liver abscesses. Bile duct obstruction
caused by missed diagnosis or delayed treatment has been associated with a 50%
mortality rate [27]. Presence of membranes and debris in the common bile duct can
also lead to obstruction of the cystic or pancreatic duct leading to cholecystitis or
pancreatitis [28, 29]. Biliary cirrhosis has also been suggested to be a late sequela
of intrabiliary hydatid cyst rupture [30]. Therefore, it is imperative to ensure unob-
structed passage of bile to the duodenum. It is important to assess the sphincter of
Oddi for presence of sclerotic inflammatory changes. In the case of obstruction,
sphincterotomy or sphincteroplasty must be done. If sphincterotomy fails and
patient has biliary tree obstruction and incomplete clearing of cystic material, a
choledochoduodenostomy or choledochojejunostomy has to be performed [31].
Use of a T-tube can be an alternative to choledochoduodenostomy. It is faster, it car-
ries lower morbidity rates, and it allows for postoperative bile duct monitoring with
acceptable results, although there is a small risk of spillage of cyst contents in the
peritoneal cavity [15]. In small case series in the literature, some authors also sug-
gest a cholecystectomy, in cases of cholelithiasis or cholecystitis [16]. Either cystec-
tomy/cystotomy or common bile duct exploration alone is not sufficient to address
the issue and reduce recurrences. There are different techniques that can be used in
the treatment of the residual cystic cavity. Decision depends on the location and size
of the cyst, cyst’s proximity to the hilum and vascular structures, and surgeon’s
preference [21]. Right or left lobectomy can be used in patients with large cysts that
occupy the entire liver lobe, only if the remnant liver volume is sufficient [32].
Omentoplasty should be avoided in patients with suppurated cysts or patients that
have cyst-biliary tree communication. There is some controversy in the literature
regarding the utilization of hypertonic solution in these patients, mainly because of
concerns for acute hypernatremia and delayed adverse effects (e.g., sclerosing chol-
angitis) [33, 34]. Also, evidence in the literature recommends against the utilization
of anti-helminthic agents in patients with suspected intrabiliary rupture due the
increased risk of reactive sclerosing cholangitis [15]. Potential postoperative com-
plications include the formation of an external bile fistula (rates of 5-27%), surgical
site infections, bile collections, bleeding, and abscess formation [15, 16].
Laparoscopic approach in patients with liver hydatid cyst and rupture in the biliary
tree is proven to provide acceptable results in terms of disease source control, with-
out increased postoperative morbidity [35].

Intraperitoneal Rupture of Hydatid Cyst
Spontaneous intraperitoneal rupture of a hydatid cyst is a rare complication that is

associated overall with significant morbidity and mortality. The incidence of intra-
peritoneal rupture is reported to range from 1% to 16% [36-38]. It is most



214 L. Naar et al.

commonly the result of liver cysts, but there have been reports of intraperitoneal
ruptures in patients with splenic hydatid cysts too. Rupture of the cyst usually fol-
lows an increase in the intracystic pressure. This may be the result of abdominal
trauma or after significant cyst enlargement [39]. Cysts closer to the liver surface,
with larger size, and viable cysts with higher pressures are more likely to rupture
[40]. The most important predisposing factors for rupture are young age and more
superficial location [41]. Younger age may be due to increased risk for blunt abdom-
inal trauma and also because elderly patients tend to go to the hospital for associated
comorbidities more often than young patients. This can lead to earlier diagnosis and
management of hydatid cysts. Rupture of the endocyst with an intact pericyst does
not result in antigenic dissemination, and anaphylactic reactions are rare. This type
of rupture can be diagnosed using imaging procedures that will show indulation of
the cystic wall without changes in the cavity size. Complete rupture of the pericyst
wall too leads to spillage of the cystic content in the abdomen, and it can be fatal.
The most common cause of death in these patients is anaphylactic shock. However,
there have been some cases in the literature with death secondary to the develop-
ment of late peritonitis [42]. Compared to elective cases, emergent surgical manage-
ment for patients with complicated, ruptured hydatid cyst has higher mortality
rates [36].

Contact of the highly antigenic content of the cyst with the peritoneal surface is
usually followed by abdominal pain and activates an alternative complement path-
way that can lead to allergic and anaphylactic reactions [36, 43]. Minor allergic
reactions after hydatid cyst rupture occur in 17-25% of the patients. More severe
anaphylactic reactions occur in 1-12% of patients. Incidence of severe anaphylactic
shock is reported to be 1.4% [44]. The initial presentation is usually severe and
alerting with peritoneal signs (rebound tenderness and guarding) [40]. The first
signs of anaphylaxis develop within minutes after the rupture. Patients develop high
fever, pruritus, urticaria, angioedema of the face, dyspnea, shortness of breath, and
stridor, followed by cardiovascular collapse [45, 46]. In some patients, initial rup-
ture is associated with a decrease in abdominal pain, due to the rapid shrinkage of
the hydatid cyst’s size. This can delay surgical treatment in patients not developing
an immediate allergic reaction and may gravely affect patient’s prognosis. Treating
physicians should always bear in mind this initial brief pain relief and monitor
patients closely [42, 47].

Usually the first imaging test is an abdominal US. On US the most common find-
ings include regression of the size of the liver cyst (in case there has been previous
imaging and measurement). In CT scans, the diagnosis of rupture can be easier. The
wall enhances after contrast administration. Detection of wall irregularity usually
represents the probable rupture site [42]. Furthermore, intraperitoneal free fluid can
be identified [45]. In equivocal cases, MRI of the abdomen can help differentiate the
cystic lesion in the liver and diagnose the rupture. Some patients with equivocal
imaging findings may benefit from a diagnostic laparoscopy.

Immediate surgical procedure is necessary after the rupture is diagnosed. If
definitive treatment is delayed, peritonitis, allergic reaction, and anaphylaxis may
develop. Prior to going to the operating room, appropriate medical management for
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the allergic reaction is necessary. Intraoperatively the objective is to decrease com-
plication rates and eliminate primary disease. Radical procedures may be more dif-
ficult to perform in an emergency setting. Conservative approaches with unroofing,
cavity filling, and external drainage are easier, faster, and safer [45]. Conservative
approaches are usually complicated by recurrences and cavity-related morbidity
[41]. Radical procedures may also be hard to perform in patients with rupture fol-
lowing abdominal trauma, due to the concurrent organ injuries. In these patients
conservative surgical management combines ease and fast source control [47].
Efforts should be made to carefully remove all protoscoleces from the peritoneum,
and the surgeon should irrigate the abdomen with scolicidal agents (hypertonic nor-
mal saline, formalin, silver nitrate, povidone-iodine, chlorhexidine) and then with
normal saline, to reduce recurrence rates [40]. Intra-abdominal dissemination with
development of secondary foci and peritoneal hydatidosis is a major concern in
these patients [39]. Another complication that can appear after liver hydatid cyst
surgery is bile leakage. To avoid this complication, the surgeon has to carefully
examine the cyst and identify and suture any possible connections with the biliary
tree. Diagnosis of postoperative bile leakage may require ERCP and biliary stenting
[44]. Postoperative follow-up of the patients with imaging of the abdomen, US or
preferentially CT scans, and serology is indicated, in view of the increased risk for
secondary hydatidosis [45, 48]. Albendazole treatment has been shown to be effec-
tive in reducing recurrence and peritoneal hydatidosis and should be administered
for prolonged periods postoperatively (3—6 months) [36]. Recurrence rates vary
widely in the literature [47, 49].

Intrathoracic Rupture

Liver hydatid cysts (especially in the liver dome) can also rupture into the thorax
(Fig. 14.2a—c) [50]. Intrathoracic rupture is a rare complication, with an incidence
ranging from 0.6% to 16% that is associated with increased morbidity and mortal-
ity (9-43%) [51-53]. Rupture can occur to the mediastinum, lung, pleural cavity,
or pericardium [53]. It has been hypothesized that intrathoracic rupture can be
promoted by the pressure gradient that exists between the abdominal and thoracic
cavities, that aids in thoracic expansion, or due to the hepatomegaly from the
hydatid cyst and the surrounding inflammation that obliterates the hepatodia-
phragmatic space, compresses the diaphragm, and causes ischemia. In addition to
that, it has been postulated that in patients with cystic-biliary communications
bile can cause chemical injury to the diaphragm and subsequently to the lungs and
pleura [54].

The clinical signs and symptoms of patients are predominantly from the respira-
tory system. The most common symptom is irritating cough. Acute rupture in the
pleural cavity usually leads to sudden pain, and it has also been associated with
anaphylactic reactions with high mortality. Other symptoms include expectoration,
purulent sputum, chest pain, shortness of breath, and dyspnea. Some patients may
also present with fever, due to the infected daughter cysts present in the pleural
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Fig. 14.2 Coronal CT imaging of a patient with hepatic dome cyst rupture. The cyst has ruptured
through the diaphragm, with erosion of pulmonary parenchyma and bronchi, with bronchobiliary
fistula and hemoptysis. (Archives of our department.) (a) Abdominal window. (b) Lung window.
(c) After surgical exploration and cyst removal

cavity or the lung parenchyma. Abdominal symptoms do not predominate and, if
present, are commonly subtle. Presence of jaundice or elevation of cholestatic
enzymes in laboratory work-up should always raise concern for a concurrent pres-
ence of an intrabiliary rupture [54]. A serious complication that may result from
rupture of a hydatid cyst in the thorax is the development of a bronchobiliary fistula.
A bronchobiliary fistula should be suspected in patients with history of hydatid cyst
or patients coming from endemic countries, which present with cystic fluid expec-
toration and/or hemoptysis. Other potential complications include pneumonitis and
lung abscesses. A reactive pneumonitis can also happen when the cyst ruptures into
a bronchus and there is cystobiliary communication, with free bile passage into the
bronchi and lung parenchyma [53].
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Diagnostic work-up usually starts with chest imaging, most commonly a chest
x-ray. Findings typically include the presence of right lower lobe opacities and/or
pleural effusions. Abdominal imaging is indispensable for the diagnosis. An abdom-
inal ultrasound followed by a CT scan of the abdomen is usually performed and
helps in visualization of the hydatid cyst in the liver and potential communication
with the thorax, and they also allow for assessment of the size, location, and asso-
ciation of the cyst with other hepatic structures. These findings can help determine
the extent of the disease, identify the thoracic communication site, and determine
the best surgical approach for the patient [51, 54, 55]. Due to the predominance of
respiratory symptoms, some patients undergo bronchoscopy first. Expected findings
include the presence of fluid mixed with daughter vesicles and fragments of the
cystic membrane. In cases with a co-existing cyst-biliary fistula, bile may also be
seen in lung lobes. Bronchoscopy also offers a better assessment of the extent of the
inflammatory process in the lungs [54].

The treatment of choice for intrathoracic rupture of hydatid cyst is surgical man-
agement. Access to the thoracic cavity is usually done with a posterolateral thora-
cotomy. First step is the evacuation of the pleural cavity, followed by pulmonary
decortication. After identification of the diaphragmatic rupture site, if access to the
liver is not sufficient, the surgeon can elect to further dissect the diaphragm or repo-
sition the patient and perform a laparotomy. After addressing the hepatic hydatid
cyst, drains should be left in place, and the diaphragm should be closed in layers.
The next step includes treatment of lung pathology, as well as drainage of the chest
[54]. In case there is a separate lung hydatid cyst identified intraoperatively, it
should be resected en bloc. The surgeon should look for presence of fistulas that
should be taken down, with suturing of the pulmonary cavity. Lung resections
should not be the standard of care. Pneumonectomies need to be performed selec-
tively, usually in patients with severely damaged lung parenchyma. The goal is to
remove the infected material, leave a drain, and re-expand the lung as soon as pos-
sible [53]. Reported surgical complications include hemorrhage, biliary leaks, iatro-
genic injuries to the inferior vena cava, and respiratory complications from the
thoracotomy that may lead to acute respiratory failure with cardiac arrest [54].
Hydatid cyst rupture in the pleural cavity is associated with higher recurrence rates,
compared to rupture in the bronchi, but this should never encourage the surgeon to
perform a pleuropneumonectomy. In the majority of cases, more limited procedures
will clear the cysts and fistulae [53].

Intrapleural Rupture of Pulmonary Hydatid Cyst

Pulmonary hydatidosis can lead to expansion of the cyst with rupture in the pleural
cavity. Rupture is more frequently the result of more superficially located and larger
lung or liver lesions but can also be secondary to chest trauma or iatrogenic (needle
aspiration/biopsy). This is a rare event that leads to fluid and scolices deposited in
the pleural cavity [56]. Rupture can be a potentially lethal complication, as it can
lead to anaphylactic shock or secondary acute respiratory failure [57]. Intrapleural
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rupture may also lead to asthmatic attacks and give rise to secondary foci that can
decrease the feasibility of a complete resection and increase the chance of recur-
rence. Delayed diagnosis (usually 10-15 days after the rupture) may lead to second-
ary bacterial infections, empyema, and lung abscesses [56]. Two separate patterns
of rupture have been identified. First, when there are no adhesions in the pleural
cavity, rupture can lead to pneumothorax or hydropneumothorax. Usually there is a
small bronchial tree fistula that is not large enough to spontaneously drain cyst con-
tents. Second, if there are adhesions in the pleural cavity, rupture is not as common,
because of the protective pleural effect. However, it may still occur and lead to
pleural antigen seeding [58].

In the literature, the incidence of intrapleural rupture of pulmonary hydatid cysts
ranges from 1.5% to 6% [59]. The most common clinical symptoms include chest
pain, dyspnea, and cough. Other symptoms may include expectoration or fever.
Hemoptysis and vomiting can be seen in patients with concomitant bronchial rup-
ture [59]. A small percentage of patients may be asymptomatic and diagnosed inci-
dentally during physical examination or chest imaging for other reasons. Intrapleural
rupture may be clinically challenging to diagnose, mainly because of the broad
spectrum of differential diagnosis including mainly cancer, tuberculosis, and infec-
tions. In addition, the lack of clinical symptoms or pathognomonic signs of echino-
coccosis can be confusing. Chest x-ray in these patients shows the presence of
pleural fluid with or without pneumothorax [60]. Laboratory testing in the acute
setting may show signs of infection with increased white blood cell counts. Specific
serologic testing for echinococcosis can be positive in 60% of the cases [59].
Uncomplicated, intact cysts trigger a minimal antibody response and have increased
rates of false-negative serologic testing. On the other hand, ruptured or leaking cysts
trigger a stronger immune reaction and are more likely to have positive antibody
testing [1].

Surgery is the mainstay of treatment for patients with lung echinococcosis and
intrapleural rupture [59, 61]. Considering the risk of respiratory failure and second-
ary infections, surgery has to be performed as soon as possible after the diagnosis,
preferably in the first 5 days. Surgery includes evacuation of the pleural cavity and
pleural decortication [62]. This way, full lung expansion is promoted, and the risk
of recurrence is reduced. When pleural effusion is significant or there is a severe
pleural empyema, management can include the placement of a chest tube for a few
days, as a temporary control measure, followed as soon as possible by surgery [59].
Thoracoscopy may be used, before surgery, as a means to fully assess the pleural
cavity and perform adhesiolysis [63]. After addressing the rupture and dissemina-
tion in the pleural cavity, the pulmonary hydatid cyst can be resected in the standard
fashion [64, 65]. The most common and immediate postoperative complications
include the development of hemothorax, pneumothorax, or pyothorax. The longer
the time to definitive treatment (especially if more than 10 days into the disease), the
higher the rates of bronchopleural fistula and empyemas [59]. While not indicated
in all cases, patients with advanced and/or disseminated disease may benefit from
additional medical treatment. Long-term follow-up is needed for early detection of
recurrences [58].
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Other Complications

Secondary infection of a hydatid cyst is a common complication [66]. In many
cases, due to the asymptomatic nature and slow development of the primary cyst, a
bacterial infection can be the first symptom of the disease. Bacterial contamination
of the hydatid cyst usually occurs from bacteria present in nearby structures (e.g.,
biliary tree, bronchi) or from bacteremia that allows seeding of the cyst from
microorganisms present in the blood [43]. However, infections usually occur in
patients with no history of biliary disease. Therefore, it has been assumed that the
hydatid cyst in the liver causes local mass effects that alters the anatomy of the bili-
ary tree and helps bacterial proliferation locally that secondarily invade the cyst.
Suppuration usually presents with fever, hepatomegaly, and abdominal tenderness
in the right upper quadrant. There are cases in the literature of patients with super-
infections that presented with allergic reactions and angioedema [43]. Laboratory
findings are not trustworthy for the diagnosis of a hydatid cyst superinfection.
Leukocytosis and increased eosinophils are present in 30-40% of patients [43].
Drainage of the cyst in patients with suspected secondary infections can be diag-
nostic and therapeutic. Drainage can be performed either surgically (marsupializa-
tion) or percutaneously and patients should also receive antibiotic treatment after
the procedure. Fluid retrieved must be cultured, even though microbiologic diag-
nosis may not be achieved in all patients. In some cases, polymicrobial infections
occur [14].

Cystic hemorrhage is a rare complication. Usually, bleeding complications are
the result of iatrogenic interventions (percutaneous or surgical) or result from
abdominal trauma [67]. However, there are a few cases in the literature with non-
traumatic bleeding in the setting of echinococcosis. This can be the result of cyst
erosion into a vessel (e.g., hepatic vein) [68]. This usually leads to severe bleeding
with hypotension and shock and is usually associated with a grave prognosis or
can lead to severe intraoperative bleeding after surgical manipulations and cystic
exploration. In the hemodynamically stable patient, angiography and emboliza-
tion may be an option; however, surgical exploration is often the only definitive
treatment and should not be delayed especially in the presence of hemodynamic
instability [69].

Occasionally a liver hydatid cyst may lead to the formation of pseudoaneurysms
in the hepatic vessels with bleeding in the cyst or to the formation of subcapsular
hematomas [67]. Pseudoaneurysms are hypothesized to be the result of local inflam-
mation that can affect vessel wall integrity or may be the result of cystic calcifica-
tions that mechanically damage the vessel’s anatomy [70]. If there is a concomitant
cyst-biliary connection, bleeding in the cyst may present with hemobilia and ane-
mia. These cases are best managed with angiography and coil embolization [67]. If
the patient presents with hemodynamic instability, emergent surgical exploration is
mandated [67].

Another rare complication is recurrent upper GI bleeding after the formation of
a gastric fistula. In both published cases, patients were treated surgically with infec-
tion source control and fistula take down [71].
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Management of Disseminated Disease

As mentioned above, the most common locations for cystic lesions is the liver
(60%), followed by the lungs (20%). However, all tissues in the human body can
be infected [72]. Other sites infected in <10% of patients include the spleen,
kidneys, orbits, heart, central nervous system, and the bones [73]. There is con-
troversy over which is the best surgical approach in patients with echinococcal
disease and whether radical or conservative surgical approach should be imple-
mented. In radical procedures, the cyst is completely removed [74]. Surgery still
remains the standard of care for echinococcosis; however Simon et al. showed
that there may be place for attempted medical management alone in patients that
are poor surgical candidates [75]. Apart from the risk of disseminated disease at
presentation, it is important that the surgeon always keeps in mind that hydatid
cysts may recur, not only in the initial organ but also in remote areas of the
body [73].

Splenic cystic echinococcosis Hydatid cysts of the spleen can be asymptomatic for
an extended period of time. If symptoms are present, these usually include pain in
the left upper quadrant with concomitant splenomegaly (palpable mass). Diagnosis
is established with imaging, mainly CT scans and abdominal US. They can reveal
the characteristic morphology of echinococcal cysts with peripheral calcification
and at the same time can help identify the borders, relations with adjacent structures
and potential complications. Serologic tests can be used to increase the specificity
of the diagnosis. Existing serologic tests for the diagnosis of echinococcosis include
the indirect hemagglutination test, the ELISA test (positive in 90% of infected
patients), the complement fixation test, the radioallergosorbent test, and the coun-
terimmunoelectrophoresis test [76]. The mainstay of treatment is surgical excision,
in combination with medical treatment. Antiheminthic treatment usually starts
2-3 weeks before elective hydatid cyst surgery and is continued postoperatively for
6-8 weeks [44]. The treatment of choice is splenectomy, but conservative proce-
dures with cyst enucleation, unroofing with omentoplasty, or partial splenectomies
have been described. More conservative approaches are used in patients with an
uncomplicated solitary cyst located in the periphery of the splenic parenchyma that
can be surgically removed, or in children, where preservation of splenic function is
important for immune system regulation [77].

Osseous cystic echinococcosis Bones rarely get infected with echinococcus,
except perhaps in the immunocompromised host (0.5-2.5%). Typically, it is one of
the hardest forms of the disease to treat, because at the time of diagnosis, lesions are
diffuse. The disease is usually asymptomatic, while the infection spreads in the
bone, and symptoms predominantly of pain appear in advanced stages. When long
bones are affected some patients may present with pathologic fractures, while if the
vertebra are involved, neurologic deficits and chronic pain commonly arise from
compression of the spinal canal and nerves. Local disease is different in bones, as
the rigid tissue prevents the formation of a capsule and infection spreads through
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mechanical expansion, compression atrophy of surrounding bone, and activation of
osteoclasts [78]. The resistant nature of bony tissue slows the rate of expansion [79].
Bone disruption can lead to extraosseous invasion of soft tissues with the formation
of a hydatid abscess [78].

Cystic structures are not common in bone hydatidosis. Macroscopically, small
vesicles can be identified, without a clear margin between healthy and diseased
bone. Furthermore, the microscopic invasion is more extensive and guides recur-
rences, even after seemingly wide resections. A conventional x-ray at the bone sites
where symptoms predominate can help identify the disease. However, radiographic
findings usually lag behind bone invasion. Typical findings include not clearly
demarcated lacunar lesions without a periosteal reaction or clear transition points
from diseased to normal bone and without any morphological bone changes. In
patients with suspected hydatid disease of the bones, MRI is the preferred imaging
test. Percutaneous aspiration of the cyst should not be used. It can increase the risk
of dissemination and can also lead to anaphylactic reactions [79]. Radiographic
findings can raise concern for bone hydatidosis in a patient with the suitable clinical
background. Final diagnosis can be confirmed with positive serological testing.
Major differential diagnoses that have to be ruled out are tuberculosis of the bones,
osteomyelitis, and benign and malignant tumors [78].

Locations that can be involved include the spinal and pelvic skeleton. Vertebral
involvement, usually cervical and lumbar, is the most common form of osseous
hydatidosis. Vertebral involvement has a high risk of being associated with neuro-
logic deficits and surgical approach is challenging. At the advanced stages of dis-
ease, when clinical symptoms are usually apparent, multiple vertebral levels are
commonly infected. Patients with pelvic echinococcosis also present at advanced
disease stages. The clinical latency leads to invasion of the sacroiliac and pelvic-
femoral joints completely altering disease prognosis and management options [78].

The mainstay of treatment is surgical. In vertebral body involvement the surgical
approach has to be two-staged, because of the involvement of both the anterior and
posterior arches. The first step includes the removal of the posterior arch with spinal
cord decompression and osteosynthesis, while the second step includes resection of
the anterior arch. In pelvic disease, total removal of disease burden is associated
with many technical difficulties. Prosthetic materials are not indicated because of
the potential risk for infection. As a result, trochanteroiliac coaptation or femoral
head and neck resections are performed, with the aim to achieve a long-term disease-
free interval. When long bones are involved, if disease is isolated to the bone, com-
plete en bloc resection of the long bone can be sufficient to control the disease.
However, if disease has already spread amputation of the limb is the only solution
that offers long-term remission. The combination of surgical management with
medical treatment remains debated in patients with osseous hydatidosis [78]. If
medical treatment is used, it has been suggested that long postoperative duration is
needed. Follow-up imaging has to be performed, to assess for recurrence after surgi-
cal management or for cystic size reduction in patients treated medically [79].
Correlation studies between the location of the disease and the recurrence rates have
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shown that osseous hydatid cysts that involve the epidural space have small vesicles
that rupture and increase recurrence rates. To decrease the risk of recurrence the use
of hypertonic saline as a scolicidal has been proposed [79].

Cystic echinococcosis of the heart and pericardium Heart involvement is rare.
Larvae reach the myocardium through the coronary circulation. Patients with heart
echinococcosis have high mortality rates [80]. The most common location of a
hydatid cyst in the heart is the left ventricle, probably due to the dominance of the
left coronary artery or the higher mass of the left ventricle [81]. Sudden death can
follow acute intracavitary rupture. Large cystic fragments and membranes can
obstruct ventricular outflow tract, cause massive pulmonary embolism with acute
right heart failure, or cause bilateral emboli to the CNS. Shower emboli throughout
the human body may also happen after rupture in the left cardiac cavities.
Intrapericardial rupture may lead to acute death due to tamponade [81]. If the
patient survives, the acute rupture can lead to secondary dissemination of disease
with metastatic foci. Heart echinococcosis may be asymptomatic, or patients may
complain about chest pain, dyspnea, and palpitations. Heart involvement can also
simulate valvular disease, coronary artery disease, acute myocardial infarction,
and heart failure. In cases when the interventricular septum is involved, hydatid
cysts in the heart may affect the conduction pathway and cause arrhythmias or
recurrent syncopal episodes [81]. However, because the initial symptoms are sub-
tle and generally well tolerated by the patients, diagnosis can be further delayed.
Pericardial cysts usually result from rupture of a primary hydatid cyst site, most
commonly the heart. Intrapericardial rupture may also lead to pericarditis from the
exudative allergic reaction, transient chest pain, and fever [81]. Furthermore, peri-
cardial hydatid cysts may also lead to external compression of the cardiac cavities
or can lead to constrictive pericarditis. Diagnosis is made with ultrasound and sero-
logical tests. US findings suggesting the diagnosis can include a fluid-filled cyst, in
a favorable clinical context. A detached membrane is the only diagnostic sign. US
findings are not easy to interpret and differentiate from heart tumors or mural
thrombi in patients with complicated or ancient hydatid cysts in the degeneration
phase. In these patients, an echogenic mass is visualized on US. Surgical planning
can be safely based on the results of the US; however, unless it is an emergent case,
additional imaging with CT or MRI should be sought [81]. Chest x-ray commonly
shows abnormalities in the cardiac silhouette, and in some cases, it may show cys-
tic wall calcifications.

The cornerstone of treatment is surgical excision of the cyst. Surgery can be
avoided only in patients that have small, calcified cysts without any symptoms that
compromise hemodynamic stability or blood supply through the coronary arteries
[81]. In difficult cases that involve heart chambers, standard cardiopulmonary
bypass can be used with arrest of heart function. In patients with right-sided cysts,
it is important to add a filter to the bypass machine, in order to avoid passage of
cystic membranes and debris. The pericardial cavity has to be carefully examined in
all operative patients. The cyst should be injected with scolicidal agents and then
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incised. Cystic bed and pericardial tissues should be washed with hypertonic saline.
Formalin should not be used due to its toxic action on the myocardium [81]. If the
cystic wall is thin and the location is away from all important vascular structures, a
cystectomy may be performed. The cystic bed and the residual cavity need addi-
tional management. They constitute an area of myocardial fragility that may post-
operatively lead to myocardial wall aneurysms or rupture. The cavity should be
closed with superficial sutures. Capitonage should not be used, to avoid the risk of
blockage. Perioperative mortality ranges from 5% to 10% in the literature [82, 83].
Bleeding seems to be a complication with high risk of occurrence after open heart
procedures for hydatid cysts. Medical treatment (e.g., albendazole) can be used in
the postoperative period, to decrease recurrence rates [80, 81]. Pericardial recur-
rences are more common than myocardial. These may be the result of intraoperative
dissemination or missed small cysts if the pericardium was incompletely examined
[80, 81].

Cystic echinococcosis of the kidney Kidneys can be involved in up to 4% of
patients. As in all other regions of the body, the cysts enlarge slowly. They are ini-
tially a single vesicle, but as they enlarge, they become multivesicular. In the major-
ity of the cases, renal hydatid cysts are solitary. When symptomatic, patients usually
present with flank pain and a palpable mass that is tense and mobile. Abdominal
pain with distention, bloating, and vomiting can also be noted. As the cyst is increas-
ing in size, it expands toward the surface of the kidney and looks like an external
structure, even though it is always below the renal capsule. Increased compression
to the kidney leads to elongation and atrophy of the calyces. Some patients may also
have hematuria. Rupture into the urinary system leads to hydatiduria (22%) that can
be easily recognized from the passage of daughter cysts in the urine. Abdominal
x-ray scans may show calcifications (35%). IVP can be used to show the anatomy
of the urinary system and external compression or obstruction by the cyst. Ultrasound
can provide more information and can diagnose the presence of a renal hydatid cyst.
In equivocal cases, CT scan can follow that can show the classic pattern of cystic
wall calcifications. Diagnosis can be supported by the positive serological tests.
Treatment is surgical and includes cystectomy, performed using a lumbar approach,
which provides sufficient exposure irrespectively of the size of the cyst. In patients
with damaged kidneys from old, infected or ruptured cysts a total nephrectomy has
to be performed. Initial cyst excision can help visualize and assess the viability of
the renal parenchyma before the nephrectomy. Medical treatment should be given
postoperatively with close follow-up for recurrences [84].

Cystic echinococcosis of the central nervous system Central nervous system
infection by Echinococcus occurs in 1-2% of patients. Increased rates have been
recorded in the pediatric population. The cysts are usually intraparenchymal and
solitary. Cysts can initially be asymptomatic, but as they increase in size symptoms
occur [85]. Apart from the size, number, and location of cysts, development of
symptoms also depends on the host’s immune reaction. Symptoms of increased
intracranial pressure predominate and include headache, nausea, vomiting,
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papilledema, and focal neurologic symptoms. Diagnosis requires head imaging,
with CT or MRI. The cysts appear as a well-defined lesion without surrounding
edema and usually without calcifications [85, 86]. Presence of calcifications usually
signifies death of Echinococcus, while any disruption in the wall of the cyst may
signify a previous rupture. The fluid included in the cyst has the same density with
cerebrospinal fluid. Serological tests have low sensitivity for diagnosis of intracra-
nial infections. Diagnosis of echinococcal infection of the central nervous system
can be supported by positive serological titers. Treatment is surgical and includes a
large craniotomy, with careful cyst removal. Dowling’s technique remains the most
commonly used technique that utilizes hydrostatic dissection to separate the cyst
from the surrounding healthy brain parenchyma. Intraoperative ultrasound can be
helpful in determining cyst’s outline. Hypertonic saline swabs can be helpful if cyst
rupture occurs (care should be taken to limit systemic absorption). Intraoperative
cyst rupture necessitates postoperative medical treatment with antihelminthic drugs
(e.g., albendazole) [85].

If a patient presents with more than one organ affected, the surgical strategy
should focus on minimizing the risk of postoperative morbidity and mortality for
the patient. If there is no risk for the patient’s life, all organs can be addressed during
one elective operation. In patients that are poor surgical candidates and cannot
undergo such an extensive procedure, therapeutic management should begin with
the complicated hydatid cysts and address all of the infected organs in a step-wise
surgical approach [87].
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Is There a Role for Minimally Invasive 1
Surgery in the Management of Hydatid
Liver Disease?

Constantine P. Spanos

Introduction

Over the past 30 years, minimally invasive techniques in surgery have revolution-
ized surgical practice. In abdominal surgery, laparoscopy has established itself as
the standard of care in the most common surgical disorders, namely, cholecystopa-
thy, appendicitis, and hernia surgery. The adoption of minimally invasive approaches
for surgical diseases extended to endocrine surgery, foregut surgery, colorectal sur-
gery, and bariatric surgery. In most of these fields, the learning curve is steeper, and
more cases are required to master the techniques.

The increased use of laparoscopy and minimally invasive techniques has been
driven by several factors [1]:
¢ Smaller incisions, with the benefit of cosmesis and reduced incidence and sever-

ity of hernia
* Less superficial surgical trauma with a decrease in surgical site infections
* Reduced postoperative pain
* Enhanced recovery

Minimally invasive surgery introduced new surgical skills. Complex precise dis-
section is now performed under magnification; attention is given to anatomical
structures not previously taken into account in open surgery. Novel instrumentation,
such as high-resolution optics, energy devices, and surgical techniques, such as
suturing, has led to the adoption of minimally invasive techniques to most of the
spectrum of intra-abdominal and gastroenterological surgery.
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Laparoscopic Hepatectomy

Laparoscopic hepatic procedures have been added to the armamentarium of liver
surgery. However, it has not enjoyed the same adoption rate as other surgical tech-
niques. There are several reasons for this:

e The anatomical complexity of the liver

* The proximity of major vascular structures

» Difficulties in hepatic mobilization, lack of working space

» The possibility of insufficient oncologic resection

e Parenchymal transection exposes a risk of hemorrhage and CO2 gas embolization
 Difficult laparoscopic control of vessels

* Lack of training among hepatobiliary experts in advanced laparoscopic tech-

niques [1, 2]

It is highly desirable to combine the qualifications of an expert hepatobiliary
surgeon and an advanced laparoscopic surgeon to perform minimally invasive
hepatic procedures [3].

Additionally, liver procedures comprise a large variety and standardization of the
procedure is more difficult, thus prolonging the learning curve [1-4].

An important point is that a minimally invasive hepatic procedure should achieve
the same surgical “quality” as an open procedure with regard to technical aspects
and oncological outcomes [2].

Hydatid Cyst

Echinococcus granulosus is a small tapeworm that typically infects carnivores such
as dogs and foxes, after consumption of infected intermediate host viscera (sheep
and pigs). The parasite enters the small intestine and remains firmly attached to the
mucosa. Later, it sheds proglottids which are excreted in the infected animal’s feces.

Proglottids (or eggs) are ingested by intermediate hosts (sheep, humans), where

they mature into cysts and daughter cysts.

A hydatid cyst usually develops in the liver parenchyma of an intermediate host.
Humans are accidental intermediate hosts [5].

Hydatid cysts contain a clear, colorless, odorless hydatid fluid with a large
amount of protoscolices (400,000/mm?). This fluid is highly irritating to tissues.
The mature cyst consists of three layers:

e The germinal layer: this is the inner layer, and it surrounds the fluid-filled central
hydatid cavity. It is the living component of the parasite. It produces protoscoli-
ces, which are released directly into the cyst fluid or an endogenous daughter
cyst. Protoscolices are the future taenia heads. The germinal membrane is the
source of both the cyst fluid and daughter cysts. Multivesicular hydatid cysts are
the result of multiple daughter cysts.

* The laminated layer: this supports the germinal layer externally. It is acellular,
always separable from the pericyst, with a thickness of 1-2 mm. The layer is
permeable to water, K+, CI-, Ca++, and urea. It protects the cysts from bacteria,
enzymes, and bile.
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e The adventitial layer: this has an abundant blood supply and does not have a
clear cleavage plane between itse