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annum with the majority (91%) occurring in China.[4] The 
impact of the disease on a human has been assessed by the 
disability‑adjusted life years (DALYs) and the economic 
impact.[5] The socioeconomic impact of CE is enormous, 
and the calculated global burden in terms of DALYs is 
1009,662 when under‑reporting was taken into account. 
In terms of monetary loss, it stands at a staggering figure 
of USA $763,980,979.[6] The impact of AE is also enormous 
with a median of 666,434 DALYs per annum.[4]

LIFE CYCLE

Certain occupations pose an increased risk of CE such as 
slaughterers, tanners, stockbreeders, shepherds, butchers, 
and veterinarians or any job which makes a person to 
work closely with animals.[7] Adult E. granulosus is a 
tiny cestode of 3–6 mm long. The lifecycle of cestodes 
involves 2 or more hosts‑intermediate host where immature 
parasite lives and definitive host which harbors the mature 
parasite. Definitive hosts in E. granulosus are carnivores 
such as dogs and wolves. Adult worm resides in the small 
intestine of the definitive hosts. Released eggs are ingested 

INTRODUCTION

Human echinococcosis, also known as hydatid disease, 
is a zoonotic disease of worldwide distribution caused by 
the larval stage (metacestode) of the parasite belonging 
to the family Taeniidae and genus Echinococcus. Four 
species have been recognized to cause public health 
concerns. Echinococcus granulosus (E. granulosus) 
causes cystic echinococcosis (CE) and is the most 
common species to cause the human disease. Although 
Echinococcus multilocularis (E. multilocularis) is rare, 
it is the most virulent species and causes alveolar 
echinococcosis (AE). Echinococcus vogeli (E. vogeli) and 
Echinococcus oligarthrus (E. oligarthrus) cause polycystic 
echinococcosis.[1] Hydatid disease is a major zoonotic 
disease of significant public health and economic 
impact. CE is the most common presentation in human, 
contributing to more than 95% of the estimated 2–3 million 
global cases.[2] CE is endemic in many parts of the world, 
particularly the Mediterranean countries, Central Asia 
including the Tibetan Plateau, Northern and Eastern 
Africa, Australia, and South America.[3] Global burden 
of the human AE is approximately 18,235 new cases per 

Review Article

Cystic echinococcosis (CE) is a zoonotic parasitic disease caused by the larval stages of the cestode 
Echinococcus granulosus. Worldwide, pulmonary hydatid cyst is a significant problem medically, socially, and 
economically. Surgery is the definitive therapy of pulmonary hydatidosis. Benzimidazoles may be considered in patients 
with a surgical contraindication. This review will focus on pathogenesis, lifecycle, clinical features, and management of 
pulmonary hydatid disease.

KEY WORDS: Benzimidazoles, cystic echinococcosis, Echinococcus granulosus, water‑lily sign

Cystic pulmonary hydatidosis

Malay Sarkar, Rajnish Pathania1, Anupam Jhobta2, Babu Ram Thakur1, Rajesh Chopra1

Departments of Pulmonary Medicine, 1Cardiac and Thoracic Surgery and 2Radiology, Indira Gandhi Medical College, Shimla, 
Himachal Pradesh, India

ABSTRACT

Address for correspondence: Dr. Malay Sarkar, Department of Pulmonary Medicine, Indira Gandhi Medical College, Shimla ‑ 171 001, Himachal Pradesh, 
India. E‑mail: drsarkarmalay23@rediffmail.com

Access this article online
Quick Response Code:

Website:

www.lungindia.com

DOI:

10.4103/0970-2113.177449

How to cite this article: Sarkar M, Pathania R, Jhobta A, 
Thakur BR, Chopra R. Cystic pulmonary hydatidosis. Lung India 
2016;33:179-91.

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows 
others to remix, tweak, and build upon the work non-commercially, as long as the 
author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com



Sarkar, et al.: Thoracic hydatid disease

180  Lung India • Vol 33 • Issue 2 • Mar - Apr 2016

by intermediate hosts, such as sheep, goat, swine, cattle, 
horses, and camel. Eggs can survive for at least 1 year in the 
environment.[8] Ingested eggs hatch in the small intestine and 
release oncosphere, which penetrates the intestinal mucosa 
and enters the liver, lungs, or other organs via the blood or 
lymph, where they mature into hydatid cyst (metacestode 
larvae). The life cycle of the tapeworm is completed after 
the definitive host ingests the cyst containing organs of 
the infected intermediate host. Protoscolices evaginate in 
the intestinal mucosa and develop into adult worms in 
32–80 days.[9] Human exposure occurs via the fecal‑oral 
route, with ingestion of food or water contaminated by the 
feces of an infected definitive host, usually dogs. Humans 
act as the dead end for the parasite as they are not able to 
transmit the disease further. Echinococcus lifecycle occurs 
in two settings: Domestic and sylvatic form. Sheep is the 
most common intermediate host in the domestic cycle. 
The sylvatic cycle occurs in the wilderness of Alaska, 
Canada, North Scandinavia, and the former Soviet Union[10] 
where either wild dogs or wolves act as definitive hosts 
and moose and caribou act as intermediate hosts. It may 
involve the domestic cycle also,[1] and if it infects human, 
it may show a giant pulmonary cyst.[10] Definitive hosts of 
E. multilocularis are foxes and intermediate hosts include 
mice, rats, hamsters, gerbils, and squirrels. It is endemic in 
the Northern Hemisphere and China.

PATHOGENESIS

Hydatid disease involves the lungs by various 
mechanisms.[11] Human acquires the infection by the 
ingestion of eggs mixed with uncooked vegetables, fruits, 
and drinking water, or by handling the soil and dirt or by 
direct contact with animal hair containing eggs. Gastric 
and enteric digestion of eggs facilitates the release of 
embryos. Primary infestation is the result of the direct 
evolution of the hexacanth embryo. Embryos subsequently 
attach to the duodenal or jejunal wall by their hooklets 
and penetrate the intestinal wall. They reach the liver via 
the portal circulation. Most of the embryos are stuck in 
the liver sinusoids but embryos with diameters <0.3 mm 
may pass through the hepatic sinusoids and, through the 
hepatic vein and the inferior vena cava (IVC) enter the 
right heart and, finally, settle in the lungs.[12] Embryos 
can also reach the lungs via another route. They enter 
the thoracic duct via lymphatics of the small intestine 
and then through an internal jugular vein, and right side 
of the heart, and they enter the lungs.[13] This is a major 
pathway by which the hydatid larva bypasses the liver 
and involves the lungs. Another possible lymphatic 
pathway is the lymphatics of the dome of the liver and the 
diaphragm, which ascend to the parasternal and intercostal 
lymph nodes.[14] The third possible route is a venal‑venous 
anastomosis in the liver and the space of Retzius. Another 
possibility is direct pulmonary exposure through the 
inhalation of air contaminated with Echinococcus eggs. 
Borrie et al. has shown that eggs administered to sheep 
via a tracheostomy resulted in the development of 

lung cysts.[15] Transdiaphragmatic dissemination via a 
bronchobiliary fistula due to transdiaphragmatic rupture 
of liver hydatid, and this mechanism may explain the 
simultaneous hepatopulmonary involvement. If embryos 
bypass the lungs, they can disseminate to the systemic 
circulation. The embryo gradually transforms into a 
hydatid cyst. Lungs may also become the site of secondary 
hydatidosis due to the rupture of a primary cyst resulting in 
dissemination of multiple daughter cysts and scolices. The 
secondary cyst may develop within the lung parenchyma, 
an adventitial layer of the primary cyst, intrabronchial, 
or metastatic.[11] Metastatic lung lesions develop due to 
rupture of the cyst into right heart chamber,[16] IVC,[17] or 
rupture of a bone cyst.[11]

HYDATID CYST STRUCTURE

Hydatid cyst is the cystic space‑occupying lesion caused by 
the larval stage of the parasite Echinococcus. It can occur 
in any organ but is most commonly seen in the liver and 
lungs with respective frequencies of 60% and 20–30% of 
all cases.[18] Strictly speaking, hydatid cysts are only seen 
with E. granulosus, E. vogeli, and E. Oligarthrus. The lesion 
from E. multilocularis is called a “larval mass.” These are 
multiple irregular chambers intermixed with the host 
fibrous reaction and liver parenchyma.[19]

A hydatid cyst consists of three layers with hydatid fluid 
inside. The outermost layer is called the pericyst, ectocyst, 
or adventitial layer. It is formed by the host tissue’s reaction 
to parasites. The next layer is the laminated membrane, 
or exocyst, and the innermost layer is known as the 
germinative layer or endocyst. The laminated layer is 
impermeable to bacteria, therefore, its rupture can cause 
secondary bacterial infections. The germinal layer is the 
most active layer of the cyst. The germinal layer produces 
laminated membranes outward and brood capsules 
and protoscoleces inward. A brood capsule is formed 
by inward budding of the germinal layer of the hydatid 
cyst.[19] It is a fluid‑filled vesicle‑like structure containing 
protoscoleces. Protoscoleces are the infective form and 
will grow to the adult stage after ingestion by a definitive 
host. The carbohydrate‑rich laminated layer is formed 
from the germinal layer and functions to maintain the 
physical integrity of the hydatid cyst.[20] It also shields the 
germinal layer from host immune attack.[20] The hydatid 
fluid is colorless, odorless, and sterile.[13] Its electrolyte 
level and pH are similar to that of human serum with a 
density of 1.007–1.015[11] and an intracystic pressure of 
36.6 cm H2O (range: 21–61 cm H2O).[21] Hydatid fluid is 
antigenic; it can cause an anaphylactic reaction when the 
cyst ruptures.

GROWTH OF THE CYST

The growth rate of the hydatid cyst depends on the softness 
of the organ and surrounding tissue elasticity.[13] Lung 
cysts grow faster than the liver cysts, as lungs are softer 
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in consistency than liver. Negative pleural pressure may 
further accelerate the growth rate of the cysts.[22] Due to their 
more elastic lung tissues; cysts in children grow at a faster 
rate and become larger than in adults.[23] The diameters of 
the cysts grow at a variable rate. Bloomfield et al. reported 
a doubling time of 16–20 weeks.[24] Borrie reported that a 
hydatid cyst usually achieves 1–2 cm in diameter at the end 
of 6 months and up to 6 cm. in diameter within a year.[25] 
Various cysts in the same patient can show different growth 
rates. Romig et al.[26] reported that the majority (86%) of the 
cysts had an increase of <40% in 1 year. Cysts remained 
static, collapsed, or disappeared in 34% of cases.

GENETICS IN HYDATIDOSIS

E. granulosus is a complex parasite that exhibits 
genetic diversity. Molecular genetic analysis, using 
mitochondrial cytochrome C oxidase subunit 1 and NADH 
dehydrogenase 1 genes,[27] has identified 10 genotypes of 
E. granulosus to date. Recently, the 10 genotypes have 
been clustered into four different species: E. granulosus 
sensu stricto (G1–G3 complex), Echinococcus equinus (G4), 
Echinococcus ortleppi (G5), and Echinococcus Canadensis 
(G6–G10 complex).[28,29] Globally, the G1 genotype of 
E. granulosus has been found to infect humans more 
frequently than other species or strains.[24] Sharma et al.[30] 
demonstrated that the G1 (sheep strain) and G3 (buffalo 
strain) genotypes of E. granulosus are the predominant 
strains infecting humans in India. They also reported the 
first human CE case with the G5 genotype (cattle strain) 
in any Asian country. Genotyping of human CE is helpful, 
as it provides information on the transmission patterns of 
the parasite and data on the predominant prevalence of 
particular genotypes in humans. This data can provide 
valuable information in planning control strategies for 
human hydatidosis. Genotype diversity also explains 
the variability in development, antigenicity, pathologic 
patterns, and sensitivity to chemotherapeutic agents.[31‑33]

CLINICAL FEATURES

The majority of patients had a longstanding history of 
contact with domestic animals (dogs) and/or farming 
animals (sheep). The clinical features of hydatid 
cysts depend on the site and size of the cyst and the 
presence of complications. Uncomplicated small, 
peripherally located cysts often remain asymptomatic 
and are discovered incidentally on chest radiography. 
Shehatha et al. reported asymptomatic cysts in 37% of 
763 cases.[34] Clinical symptoms occur when the cysts 
grow large enough to exert mechanical effects on the 
adjacent structures or to develop complications.[18] Usually, 
cysts larger than 5 cm. in diameter may cause bronchial 
compression. Complications of pulmonary hydatid cysts 
include rupture, secondary infection, pneumothorax, and 
suppuration. Patients may develop sudden onset of chest 
pain, cough, fever, and hemoptysis after a cyst ruptures. 
Perforation of the cysts into a bronchiole and the resulting 

expectoration of the germinative membrane or the hooklets 
of the parasite are called  hydatoptysis. Sometimes patients 
may also complain of a salty taste in the mouth, indicative 
of a ruptured pulmonary hydatid cyst. Another important 
feature of rupture is the development of hypersensitivity 
reactions ranging from urticaria and wheezing to 
anaphylaxis.[35,36] The presence of the parasites themselves 
can also produce a generalized toxic reaction.[37] A cough 
is the predominant symptoms in the majority of series. 
Darwish et al.[38] reported a cough in 54% of 206 patients 
with pulmonary hydatidosis. In another large series of 
445 patients (383 adults and 62 children), cough was the 
predominant symptom detected in 79% of adults and in 
93% of children.[39] The cough develops in pulmonary 
hydatidosis either due to bronchial irritation by the growing 
cyst or by direct rupture of the cyst into the bronchus. 
Other symptoms of pulmonary hydatid cysts include chest 
pain, breathlessness, expectoration, fever, hemoptysis, and 
anaphylactic phenomena.[40] Hemoptysis is more common 
in adults than in the pediatric population. Singh et al. 
reported hemoptysis as a presenting symptom in up to 70% 
of adult patients, but it is rare in pediatric patients.[41] The 
mechanism of hemoptysis in pulmonary hydatid disease 
includes pressure erosion of a bronchus, obstruction with 
secondary bronchial infection, or rupture of the cyst into 
the bronchus. Hydatid cysts can also erode major vessels, 
such as the aorta, and can cause massive hemoptysis.[42] 
In endemic areas, we should have a high degree of clinical 
suspicion and anybody with a chronic cough should 
have a screening chest X‑ray and possibly an abdominal 
ultrasound. Liver cysts should be searched in all cases of 
pulmonary cysts for two reasons. First, the co‑existence 
of pulmonary and hepatic hydatidosis is high, varying 
from 18.7% to 23.1% [Table 1]. Second, hepatic cysts 
can be asymptomatic. Kavukcu et al.[43] have shown that 
patients with only pulmonary cysts had a significantly 
higher mean age (33.1 ± 14.9 years) than patients with 
hepatopulmonary involvement (29.6 ± 11.7 years). 
Complicated cysts included perforation, infection, and 
lung cysts with pleural complications and calcification of 
cysts.[44] The most serious complication of perforated cysts 
is a secondary bacterial infection. Infection increases the 
density above 20 Hounsfield units, resulting in difficulty 
in differentiation from an abscess or neoplasm.[45]

ANATOMICAL LOCATION

The most common organ involved in an adult is the liver 
followed by the lungs with respective frequencies of 60% 
and 20–30%.[18] The right lung is more commonly involved 
than the left.[46,47] Cysts in the lungs are usually solitary and 
mostly unilateral. Arinc et al.[48] reported unilateral cysts 
in 82.9% of cases. Similarly, Ghoshal et al.[49] reported 
unilateral single cysts in 81.13% cases. Lower lobe of the 
lungs is the most common site of pulmonary involvement, 
and there is a predilection for the posterior segments and 
the right lung, although Sadrizadeh et al. reported left 
lower lobe predominance.[50] About 60% of cases occur 
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in the lower lobes. Bilateral involvement occurs in 20% 
of cases, and multiple cysts in 30% of cases.[51] There are 
certain unique characteristics of the pediatric hydatid 
cyst. Unlike an adult, lung involvement is more common 
than liver in the children, with frequencies of 64% and 
28%, respectively.[52,53] Concomitant hepatic involvement 
is more common in adults than in children. Kanat et al. 
in a retrospective study reviewed the medical records of 
145 patients with hydatid disease hospitalized over the last 
10 years. They found a concomitant hepatic cyst in 79% 
of adults as compared to 33% of children.[54] Therefore, 
isolated pulmonary cysts are more common in children.

DIAGNOSIS

Diagnosis of hydatid cysts in endemic areas is suspected 
based on the presence of pulmonary cysts with a history of 
exposure to sheep and dogs. Radiology and serology are the 
principal diagnostic modality used to confirm the diagnosis. 
Peripheral blood eosinophilia is present in <25% of 
infected persons.[9] Leukocytosis and increased erythrocyte 
sedimentation rate are also observed. Peripheral blood 
eosinophilia and leukocytosis are more common in cases of 
ruptured cysts.[55] However, all these routine investigations 
are nonspecific and can be elevated in various conditions.

IMAGING TECHNIQUES

Chest imaging is the principal investigational modality for 
pulmonary hydatid cyst. Conventional X‑ray, computed 
tomography (CT), and magnetic resonance imaging (MRI) of 
the lungs are the various modalities useful in the diagnosis 
of thoracic hydatid cyst. Radiological presentation 
depends on whether the cysts are complicated or not.

The classical chest radiography of an intact cyst is a 
sharply defined, round‑to‑oval homogenous opacity 
of variable size. The diameter of the thoracic hydatid 
cyst varies from 1 to 20 cm.[56] Centrally located cyst is 
smaller compared to peripherally located cyst as the major 
broncho‑vascular structures in the central part of the 
lung prevents expansion of the centrally located cyst.[57] 

The cyst may become bizarre shaped by the pressures 
from adjacent broncho‑vascular structures, mediastinum, 
pleura, and adjacent cysts. Balikian et al. reported bizarre 
polycyclic form as the most common shape seen in 40% of 
the cysts.[56] Adjacent relatively rigid anatomical structures 
may also produce a depression or indentation at the site of 
contact, radiologically known as the notch sign shown in 
Figure 1. The shape of the cyst may change radiologically 
during maximal inspiration and expiration known as the 
Escudero‑Nimerov sign.[56] Pulmonary hydatid cysts may 
be single or multiple [Figure 2]. The single cyst is more 
common than multiple cysts. Ghosal et al.[50] reported 
single cyst and multiple cysts in 81.13% and 17.92% 
cases, respectively. Multiplicity depends on the number 
of the ova ingested and the number of embryos filtered 
via the liver and the lungs.[56] Multiple cysts when present 
are variable in diameter and can mimic malignancy.

Unlike extrapulmonary cysts, pulmonary hydatid 
cysts do not undergo calcification, and daughter cyst 
formation is also rare.[58,59] However, pericardial, pleural, 
and mediastinal cysts may calcify.[60] Low carbon dioxide 
content within the lung parenchyma reduces the serum 
calcium level despite the presence of sufficient phosphorus 
released by tissue necrosis for calcium precipitation. 
Pulmonary hydatid cyst can develop various local 
complications including rupture, secondary infection, host 
tissue reactions, and other complications.

Rupture
It is the most frequent complication of pulmonary 
hydatid disease occurring in 49% patients.[59] Rupture of 
the cyst may lead to significant clinical and radiological 
consequences. The cyst may rupture intrabronchially or 
into the pleural cavity. Spontaneous rupture may ensue 
due to the continuous production of hydatid fluid resulting 
in a rise in the intracystic pressure.[61] There are three types 
of rupture: Contained, communicating, and direct.[62]

Contained rupture
Endocyst layer is torn with intact pericyst and no 
intrabronchial communication. Imaging study may show 

Table 1: Various epidemiological studies of cystic hydatid disease
Variables Bagheri 

et al.[46]
Baruah 
et al.[47]

Darwish 
patients 

(Syria)[38]

Arinc et al.
138 patients 
(Turkey)[48]

Ghoshal et al.
106 patients 
(Kolkata)[49]

Burgos et al.
240 cases 
(Spain)[40]

Sadrizadeh 
et al.[50]

Kavukcu 
et al.[43]

Total number of patients 1024 37 206 138 106 240 87 1032
Mean age (years) 30.6±16.1 30.6 29.4 34.9 33 31:5±7:2 32.7
Cough (%) 55.1 83.78 54 37.6 73.58 62 65.5 82
Asymptomatic (%) 1 16.21 18 15.9 14.15 15 16.1 16
Chest pain (%) 81.08 36 44.9 54.72 56 35.5 61
Hemoptysis (%) 13.51 19 25.3 15.09 25 33.3 21
Dyspnoea (%) 24.32 25 21 8.49 24 25
Fever and chills (%) 32.43 10 11.5 33.96 32 33.3 12
Pleuritis/effusion/empyema (%) 5 13.21 7.4
Spontaneous pneumothorax (%) 3 8.8
Hydatoptysis (%) 2.70 10 7.9 1.89 3 15
Anaphylaxis (%) 03.77 10 5.7
Hepatopulmonary cysts (%) 21 23.1 18.7
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floating membranes within the cyst. There is no risk of 
secondary bacterial infection as the outer layer is intact. 
Contained rupture can occur due to trauma, degeneration, 
or after chemotherapy.

Communicating rupture
It consists of a tear of the endocyst along with perforation of 
pericyst by bronchi resulting in the escape of cyst contents 
via bronchioles. Patients complain of salty fluid in the 
mouth. Water‑lily sign may be seen in partially evacuated 
cyst Figure 3a and b. Communicating rupture may lead to 
the transbronchial spread of hydatid disease.

Direct rupture
It consists of tear of both the pericyst and endocyst 
allowing spillage of cyst contents into the pleural spaces. 
Direct rupture may have serious consequences such as 
anaphylaxis, secondary infection, secondary hydatid cyst 
formation, and recurrences after surgery. Peripherally 
located cyst due to a deficient pericyst and little host tissue 
support is more prone to direct rupture.[63]

CT thorax has an important role in patients with complicated 
pulmonary hydatid cyst. It helps in establishing the 
diagnosis and in differentiating from malignant and 
pyogenic infections of the lungs. Unruptured cyst is 
differentiated from other simple cysts by the presence of 
high attenuation wall at unenhanced CT.[59]

Radiological signs of ruptured pulmonary hydatid cyst:

Air‑crescent or meniscus sign
The growth of the cyst may produce ischemic necrosis 
and erosions by the adjacent bronchioles. It results in air 
entry between the pericyst and exocyst layer producing 
a radiolucent crescent in the upper part of the cyst.[64] It 
signifies detachment, imminent rupture, and death of the 
parasite.[56,64] Other causes of meniscus sign include cavities 
with fungus balls and blood clots, carcinoma, pulmonary 
gangrene, tuberculosis, and sarcomas. Clinically, patient 
may have cough and hemoptysis.[56]

The “inverse crescent sign” is opposite to classic crescent 
sign. Here, the crescent shaped rim of air is present at 
the lower end of the cyst. It signifies separation of the 
membranes from the posterior aspect of the cyst without 
any anterior extension.

Water‑lily sign or Camelotte sign
Following ruptures partial evacuation of the cyst fluid 
occurs, and the collapsed endocyst can be seen floating 
freely in the cyst fluid. It results in unevenness of 
the air‑fluid interface, the so‑called water‑lily sign or 
Camelotte sign. Water‑lily sign is seen in only 10–15% of 
lungs hydatid cysts.[65]

Cumbo sign
This is also known as the onion peel sign or double arch 
sign. As more air enters between pericyst and endocyst, 

endocyst rupture. It leads air entry inside endocyst and 
creation of air‑fluid level surrounded by a crescent of air 
between the pericyst and the endocyst.

Figure 2: Multiple hydatidosis lungs. Computed tomography thorax 
(mediastinal window) showing multiple fluid-filled cystic lesion along 
the mediastinal and costal pleura and lung parenchyma

Figure 3: (a) A contrast‑enhanced computed tomography scan of the 
chest (mediastinal window) showing a cyst in the right lower lobe of 
the lung containing a freely floating endocyst (the “Waterlily sign”). 
(b) A contrast‑enhanced computed tomography scan of the chest (lung 
window) showing a cyst in the right lower lobe of the lung containing 
a freely floating endocyst (the “water lily sign”)

ba

Figure 1: The notch sign. Chest radiology (posterior‑anterior view) 
showing notch on the outer border of the left lung mass
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Air bubble sign
It consists of single or multiple small, rounded 
radiolucent areas with very sharp margins within solid 
media or pericystic areas and indicates ruptured infected 
hydatid cyst. It is best seen in the mediastinal window. 
Figure 4 is showing the air bubble sign. The air bubble 
sign has a high sensitivity and specificity. Yuncu et al.[66] 
has reported 85.7% sensitivity and 96.6% specificity of 
the air bubble sign. Compared to classical CT signs, the 
“air bubble” sign is more accurate in the correct diagnosis 
of ruptured, infected, solid hydatid cysts differentiating 
it from abscess or tumor. It avoids unnecessary invasive 
investigations and further delay in the diagnosis. Air 
enters the hydatid cyst by erosion by a bronchiole. 
Infection with a gas producing bacteria may also produce 
air bubbles sign.[67]

Signet ring sign
Bleb of air dissects into the wall of the cyst, giving it the 
shape of a ring. It indicates impending cyst rupture.[68]

Rising sun sign: Daughter cysts are rarely present in the 
lungs. When present, daughter cysts may appear in the 
lowest part as circular shadows amidst disintegrated 
endocyst membrane giving rise to the rising sun sign.[56]

THICK WALL CYST

Thick wall cysts usually about the pleura and are more 
than 10 mm in diameter. Koul et al. had shown evidence 
of infection in patients with thick wall cyst.[68]

All hydatid cysts begin as simple cyst and if daughter cysts 
or matrix (or both) develop they are termed type II cysts. 
Matrix is a gelatinous structure formed due to degeneration 
of the endocyst.[16]

The role of ultrasound in thoracic hydatid cyst is limited 
except when lesions are close to the thoracic wall. They 
are also useful in detecting concomitant liver involvement.

Figure 5 is showing cystic lesion in the RUL posterior 
segment with undulating membrane.

Positron emission tomography (PET)
Positron emission tomography (PET) scan may show 
the “Doughnut sign” in a patient with ruptured hydatid 
cyst. It is characterized by uptake of the tracer along the 
wall of the cyst with the central photopenic area.[69] Yang 
et al. had shown differences in FDG uptake patterns 
depending on the presence or absence of cyst rupture. 
They demonstrated perilesional uptake on PET only in 
ruptured cysts.[70]

MRI is not routinely done as it is not superior to thoracic CT 
scan. MRI scan shows low signal intensity on T1‑weighted 
images and high signal intensity on T2‑weighted images 
of the cyst. MRI can demonstrate different developmental 
stages of the cyst except small calcifications. MRI is also 
useful in showing pericystic parenchymal, pleural, and soft 
tissue reactions. MRI can detect residual parasitic material 
remaining after surgery and can also show a response to 
chemotherapy.

Serology testing
Serological testing is useful in the primary diagnosis of 
hydatid cysts.[71] The majority of the serological tests is 
based on detecting antibody as it is more sensitive than 
antigen detection.[72] The enzyme‑linked immunosorbent 
assay (ELISA), the indirect hemagglutination antibody 
assay (IHT), latex agglutination test, and immunoblot 
test (IB) are commonly used serological methods. Other 
serological based methods include the immunofluorescence 
antibody test and arc‑5 immunoelectrophoresis (IEP). Most 
commonly used antigens are antigen 5 and antigen B.[73] 
Serological testing; however, have certain disadvantages. 
They may cause a false‑positive reaction in people with 
other helminthic infections for example E. multilocularis 
and Taenia solium due to cross‑reactions. Other causes 
include patients with cancer, chronic immune disorders, 
cirrhosis of liver, and presence of anti‑P1 antibodies.[74] 

Figure 4: Computed tomography chest (lung window) small air bubbles 
within the perforated pulmonary cysts named as “air bubble sign”

Figure 5: Computed tomography thorax (mediastinal window) showing 
cystic lesion in the RUL posterior segment with undulating membrane
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Seropositivity depends on the location, number, integrity, 
viability of the larval cyst, and the assay format.[75,76] 
The seropositivity rate is higher in hepatic cysts than in 
pulmonary cysts. The sensitivity of serological testing 
varies from 85% to 98% in hepatic cysts, and 50–60% in 
the pulmonary cyst. The sensitivity is higher in patients 
with multiorgan involvement, 90–100%.[77] False‑negative 
serological tests are more common in intact pulmonary 
hydatid cysts as the antigens are sequestered within 
the cysts that may minimize the stimulation of host 
immunological machinery.[77] Likelihood of seropositivity is 
more in the case of ruptured cysts. Another limitation of the 
serological tests is in monitoring patients after surgery or 
pharmacotherapy as the antibody titer rises at 1–3 months 
after surgery and starts receding after 3 months. It takes 
another 12–24 months to become negative.[10]

In patients with initial negative serological testing, 
serotesting using a battery of different modalities such 
as IHT, latex agglutination, IEP, or radioallergosorbent 
testing should be done as a combination of several 
tests can improve the diagnostic accuracy.[78] Repeat the 
same serological test at different laboratories can also 
be helpful as a change in sensitivities can occur due to 
the batch‑to‑batch variation in the prepared antigens.[79]

The immunodiagnosis has higher sensitivity in patients 
with AE as it uses purified or recombinant E. multilocularis 
antigens. The sensitivity ranges between 91% and 100%, 
and specificity between 98% and 100%.[80] The problem 
with native antigens can be overcome by using recombinant 
antigens and synthetic peptides. Recombinant antigens 
show higher sensitivity than the native antigens. Moreover, 
recombinant technology can produce well‑defined, 
standardized antigens in large quantity.[81] EpC1is a novel 
32 kDa calcium‑binding E. granulosus recombinant 
antigen, located in the germinal layer of the hydatid cyst, 
as well as the early protoscolex.[2] Li et al.[82] reported a 
sensitivity of 92.2% with EpC1 compared with 84.5% 
with native antigen B. in presurgical CE cases. The rate of 
cross‑reactivity is also low as only 4.5% of AE and 9.3% 
of cysticercosis cases cross‑reacted with EpC1, compared 
with more than 14% with antigen B. Among various 
sero‑testing, specific IgG ELISA is the most sensitive 
method and the least sensitive are IEP and specific IgE 
ELISA. Specific IgE ELISA takes almost 5 years postsurgery 
to become negative.[83] IB tests using specific echinococcal 
antigen may be useful to confirm the seroreactivity, but 
this test is not available widely.[75]

MOLECULAR METHODS

Echinococcus‑specific polymerase chain reaction (PCR) 
are useful in the diagnosis by identifying the parasite 
materials in the biological specimens resected or biopsied 
from patients. They are also useful in assessing the viability 
of parasite after chemotherapy.[84] Reverse transcription 
PCR is used to assess the viability of parasite following 
chemotherapy.

Diagnosis of hydatid cysts can be confirmed in seronegative 
individuals by demonstrating protoscolices/hydatid 
membranes or specific antigen also. Patients with ruptured 
pulmonary cysts may have protoscolices detected in the 
sputum or bronchial washings.

Fiber‑optic bronchoscopy
Bronchoscopy is not required in patients with pulmonary 
hydatid cysts with a typical clinico‑radiological feature. 
However, fiber‑optic bronchoscopy (FOB) is indicated in 
patients with atypical clinical and radiological features, 
when there is a suspicion of another diagnosis.[85,86] 
The most specific finding in FOB is the presence of a 
whitish yellow or white gelatinous membrane. FOB can 
help in taking a biopsy from a section of the membrane 
or bronchial aspirate can be analyzed for the presence 
of hooklets.[86] Komurcuoglu et al. performed the 
bronchoscopy in 34 patients with pulmonary hydatid 
disease and they demonstrated endobronchial cyst 
membrane in 7 (20%) patients. The diagnostic efficacy was 
20.5%.[87] However, caution should be advised while doing 
bronchoscopy as it may provoke cyst rupture.

Treatment of pulmonary hydatid cyst
Pulmonary hydatid cysts is treated by pharmacotherapy 
and/or surgery. Surgical intervention is the treatment of 
choice though pharmacotherapy may also be useful in 
selected patients. Medical therapy of pulmonary hydatid 
cyst includes benzimidazoles group of drugs, for example, 
mebendazole (MBZ) or albendazole (ABZ). Indications 
of chemotherapy include smaller cysts, patients with 
contraindication for surgery: Poor surgical risk, refusal for 
surgery and multiorgan disease, multiple cysts, recurrent 
cysts, and patients with intraoperative spillage of hydatid 
fluid.[36,88] ABZ is preferred, as it has better bioavailability, 
can be used with lower doses and is more effective 
than MBZ.[89] ABZ also achieves a higher plasma and 
intracystic drug concentration. Its plasma concentration 
is 10–40 times higher than that of MBZ.[90] ABZ requires a 
minimum contact period of 11 days to have a significant 
response.[91] The usual recommended a dosage of ABZ is 
10–15 mg/kg/day, taken twice daily, and that of MBZ is 
40–50 mg/kg/day, thrice daily. Fat rich meals increase the 
bioavailability of the drugs.[92] The optimal duration of 
pharmacotherapy in pulmonary hydatidosis is not known, 
but it should be given for a minimum period of 3–6 months.

In the past, the drug was given in several 1‑month 
courses interrupted by 14‑day intervals. The interval was 
given to avoid hepatotoxicity.[93] However, studies have 
shown that continuous therapy is more efficacious than 
cyclic therapy with no increase in adverse effects.[92,94] 
Continuous therapy is more efficacious, as it achieves 
higher drug levels on a sustained basis and higher 
penetration into the parasitic mass. Moreover, with 
interrupted therapy, metacestodes may have a chance to 
recover gradually during the 14‑day drug‑free interval.[95] 
Limited long‑term toxicity data in the early days of use 
may be the reason for cyclic therapy in the past.[96] The 
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active metabolite of ABZ with larvicidal action is ABZ 
sulphoxide.[97] ABZ has poor water solubility, and fatty 
meals increase the bioavailability of the drug by 4–8‑fold.
[98] Benzimidazoles act by inhibiting microtubular 
assembly within the parasite, leading to impaired glucose 
absorption through the wall of the germinative cell layer of 
the larva. It results in glycogen depletion and degeneration 
of the endoplasmatic reticulum and mitochondria of 
the parasite, along with an increase in lysosomes and 
subsequent autolysis of cells.[99]

Randomized controlled trials
Keshmiri et al.,[100,101] in a placebo‑controlled trial, 
demonstrated a better response to chemotherapy in 
cases of pulmonary and abdominal cysts than in cases 
of liver cysts. Various adverse effects reported are 
hepatotoxicity, bone marrow suppression, and alopecia. 
Both drugs are teratogenic in animal studies, so should 
be avoided during pregnancy (especially during the first 
trimester).[102] Bone marrow suppression is probably the 
class effect of the benzimidazole compounds. Alopecia 
is reported during long‑term treatment with ABZ and 
is reversible after stoppage of the drug.[94] The response 
to ABZ is variable, depending on the size, number, age, 
structure, and localization of the cyst(s). Small cysts, 
multiple cysts, younger cysts with thin walls and/or 
high metabolic activities, and cysts without daughter 
cysts inside the mother cyst, show the most favorable 
responses.[103] The response is also better in young 
patients.[104] Variable response to chemotherapy is due 
to different strains or different intrinsic sensitivities of 
the cyst.[105,106] Keshmiri et al. reported good therapeutic 
response to ABZ in 91% of patients with pulmonary 
hydatidosis.[101] Messaritakis et al.[107] found a correlation 
between the efficacy of benzimidazoles and the size 
of the cyst with pulmonary cysts having a diameter of 
4–5 cm responding better to MBZ treatment than larger 
cysts. Larger and older cysts show poor response as these 
cysts tend to have thicker adventitia, resulting in poor 
drug penetration.[108]

The role of praziquantel (PZQ) is less clearly defined in 
the treatment of hydatid cyst. PZQ is an isoquinoline 
that is highly effective against a variety of cestodes and 
trematodes. The standard dose of PZQ is 40 mg/kg once a 
week concomitantly with benzimidazoles.[92,109]

PZQ is a highly effective protoscolecidal agent, but it 
penetrates poorly into the mature hydatid cyst, and, 
therefore, does not inhibit cyst growth. At present, there is 
insufficient data for the routine use of combination therapy 
using ABZ and PZQ, but they can be used as an alternative 
to surgery in disseminated and inoperable cases.[110]

Contraindication of pharmacotherapy
•	 Large	cysts	that	are	at	risk	of	rupture
•	 Inactive	or	calcified	cysts
•	 Bone	marrow	depression
•	 Pregnancy,	specifically	the	first	trimester	of	pregnancy.

Anthelmintic therapy may promote rupture by 
causing degenerative changes in the cyst wall.[111] The 
risk is particularly high with large cysts of the lung 
(>6 cm diameter). Pharmacotherapy induced rupture 
has been reported as early as day 10 after the initiation of 
treatment but is mainly seen between the 2nd and 4th week 
of treatment. It can also be seen 1–2 months after treatment 
initiation. Therefore, patients on medical therapy should be 
closely followed up for at least 2 months. At 2 months, the 
cyst becomes smaller and fibrous and within 3–6 months, 
all of the empty cysts become fibrotic. Most of the lung 
cysts disappear by 5–14 months after treatment.[111]

Surgery
The indications for surgery include large cysts that are 
superficial and likely to rupture, infected cysts, cysts in 
vital anatomical locations, and cysts exerting substantial 
mass effect.[72]

The goal of surgical intervention includes removal of 
the entire cyst while preserving the lung parenchyma as 
much as possible and without allowing intraoperative 
spillage. Various surgical techniques available include 
enucleation, pericystectomy, cystostomy with capitonnage, 
open aspiration, and lung resection.[112] Prevention of 
intraoperative spillage can be achieved by placing gauze 
soaked with a hypertonic saline solution (20%) or 
povidone‑iodine solution.[113]

Enucleation consists of removal of the cyst with its 
intact germinative membrane. It is suitable for the small 
pulmonary hydatid cysts <5 cm in diameter with little risk 
of rupture [Figure 6]. Removal of the cyst is aided by the 
intrabronchial positive pressure ventilation. Larger cysts 
should not be treated with this method as there is a risk 
of rupture.[114] With enucleation, pericyst remains as such; 
therefore, there is a risk of postoperative air leak and infection. 
Pericystectomy involves removal of hydatid cyst along with 
the pericyst. The proponents of this method include: Pericystic 
cavity may undergo amyloid degeneration and calcification.[115] 
Second, It can achieve complete removal of the parasite.[116] 

Figure 6: The completely enucleated cyst
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Opponents include: Pericyst is not a part of the parasite, and 
its removal may lead to increased risk of airway leak.

Cystostomy with capitonnage is the preferred method 
of treatment of hydatid cyst. Cystotomy involves 
aspirating the cystic fluid and removing the germinative 
membrane (Barret technique). Capitonnage reduces the 
risk of the infection of the residual cavity, airway leak, and 
empyema formation, but there is a risk of disfigurement 
of the lung parenchyma.[117]

Other surgical methods include cystostomy with the 
closure of the bronchial openings alone. Capitonnage 
technique is skipped resulting in less disfigurement of 
the lung parenchyma. Rates of air leak and infection 
is increased.[118] The main indication of lobectomy 
include cysts involving more than 50% of the lobe, cysts 
with severe pulmonary suppuration not responding to 
treatment, multiple unilobar cysts, and sequelae of hydatid 
disease such as bronchiectasis, pulmonary fibrosis, or 
severe hemorrhage.[2]

In the case of multiple cysts, the priority of surgery 
should be given to cyst based on their susceptibility to 
rupture, size, and the risk of dissemination. The intact 
cyst should be treated first in patients with both an 
intact and a ruptured cyst. Large cysts require definite 
management of the residual space to avoid postoperative 
air leak and empyema formation.[114,119] There are various 
techniques available for the management of residual space. 
Cystotomy means closing off the bronchial openings 
only if any. Capitonnage obliterates the cyst cavity by 
folding the pericystic walls with sutures. It provides 
additional strength to the lung parenchyma and prevents 
postoperative air leak and empyema formation. However; 
studies have shown variable results regarding the role of 
capitonnage.[114,119‑121]

Standard posterolateral thoracotomy is the preferred 
surgical approach. In patients with bilateral cysts, median 
sternotomy or two‑stage thoracotomy can be used. In 
patients with cysts in different hemithoraces with one 
of the cysts ruptures, operate the unruptured cyst first 
owing to the risk of rupture. However, there is a risk 
of mediastinitis in the case of infected hydatid cysts. 
Surgery for pulmonary hydatid cysts is a safe procedure 
with a good outcome, low morbidity, and negligible 
mortality. Athanassiadi et al. in a meta‑analysis involving 
4255 patients with pulmonary hydatid disease undergoing 
surgical intervention reported a mortality rate of 1.45% 
and a morbidity rate of 0–17% with excellent cure rate.[122] 
Video‑assisted thoracoscopic surgery is useful technique 
for the removal of superficial and small to moderate 
hydatid cysts and is associated with less morbidity 
compared to conventional surgery.[123]

Presurgical use
The role of the presurgical use of benzimidazoles is 
controversial. The proponent view is that preoperative 

use of benzimidazoles softens the cysts and reduces 
the intracystic pressure. It simplifies cysts removal 
and reduces the risk of secondary echinococcosis and 
recurrences. Benzimidazoles also reduce the viability 
of the protoscolex and cyst significantly.[124] However, a 
recent expert consensus for the diagnosis and treatment 
of cystic and AE advocates that benzimidazoles should 
be avoided preoperatively in larger lung cysts due to the 
risk of rupture.[74] Antihelminthic agents weaken the cyst 
wall, resulting in cyst rupture. This ruptured cyst later on 
becomes the source of recurrent infections. Wen et al. have 
reported the incidence of a cyst rupturing because of ABZ 
treatment to be 77.3% in 21 patients on ABZ treatment.[125]

Postsurgical follow‑up
Postoperative all  patients should receive ABZ 
(10 mg/kg per day) for 6 months to prevent recurrence of the 
disease.[112] The recurrence rate of pulmonary hydatid cyst 
without postoperative antihelminthic therapy is as high as 
11%.[126] Liver function tests and chest radiography should 
be done monthly for the first 3 months. The follow‑up then 
continued every 3 months by chest radiography until the 
end of postoperative year 1.[127]

THERAPEUTIC ASPIRATION

Percutaneous aspiration of pulmonary hydatid cyst has 
been reported in literature.[128,129] However, percutaneous 
aspiration is not a routine practice in pulmonary hydatid 
cyst due to the risk of rupture, dissemination, and 
anaphylaxis reaction. It is more commonly done in hepatic 
hydatid cysts.

Giant hydatid cyst
Hydatid cysts may occasionally become very large. There 
is no universally accepted definition of giant hydatid cyst. 
However, it is usually defined as a cyst with the largest 
diameter more than 10 cm.[23,128] Giant hydatid cysts is a 
distinct clinical entity. It is more common in adolescents 
and children above 10 years[130] as the immature immune 
system and higher elasticity of the lung tissues allow more 
rapid growth of the cyst.[131] Celik et al.[132] reported giant 
cyst in 15% of 122 childhood cases of lung hydatid cyst, 
whereas Kosar et al.[119] reported it in 26.7% of 60 cases of 
childhood pulmonary hydatid cysts. The rate of growth in 
children ranges from a few millimeters to 5 cm/year.[12,132] 
Giant hydatid cysts develop more serious symptoms, frequent 
operative complications, and prolonged medical care.[130] 
Surgical intervention should be sought as early as possible, 
particularly in patients with giant hydatid cysts. Keramidas 
et al. reported complications of medical therapy in children 
with hydatid cysts with a diameter more than 6 cm. Surgery of 
the cysts complicated due to therapy was also problematic.[104]

Complications
The cyst that has ruptured into the bronchus or pleural 
cavity is called a complicated hydatid cyst. They may 
or may not be infected.[133] Rupture of pulmonary cysts 
may occur into the bronchus or pleura. Rupture into the 
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bronchus is the most frequent complication of pulmonary 
hydatid disease.[134] Rupture of the cyst produces an allergic 
pneumonitis into the surrounding areas. This is reversible 
up to 10 days and after 10–14 days secondary bacterial 
pneumonia develops.[135]

Pleuro‑pericardial complications
The cyst may also rupture into the pleural or pericardial 
cavity. Aribas et al. reported pleural and pericardial 
complications in 43 (29.7%) of 145 patients with hydatid 
disease. Pleural and pericardial complications were present 
in 40 (27.6%) and 3 (2.1%) patients, respectively.[136] 
Pleural involvement can occur in various ways. Primary 
involvement of the pleura occurs directly via hematological 
or lymphatic larval seeding. Other mechanisms include 
late complication of surgery or chest tube insertion during 
therapy for thoracic hydatid disease. However, the most 
important mechanism involves the rupture of a pulmonary 
or hepatic cyst inside the pleural space.[137] Development of 
secondary pleural hydatidosis is an uncommon event as it 
occurs in < 10% cases as the cyst becomes infertile due to 
the secondary bacterial infection.[137] Cysts located in the 
subpleural area may cause pressure necrosis of the pleura 
and subsequent risk of pleural complications.[138] Pleural 
rupture is more common in young age, male sex, and 
basal locations of the cyst.[139] Pleural and/or pericardial 
complications are associated with higher morbidity and 
the need for more radical resection. Therefore, prompt 
diagnosis and surgical intervention should be carried 
out wherever indicated to prevent the development of 
complications.[136]

Anaphylactic reactions
Anaphylactic reactions occur after rupture of cyst either 
spontaneously or during surgery or by blunt trauma.[140] 
Anaphylactic shock occurs as the high content of antigens 
within cyst fluid enters the circulation and activates IgE 
secretion and histamine release. Patients may develop 
following symptoms of anaphylaxis, such as rash, 
edema, bronchospasm, hemodynamic, and respiratory 
compromise.

Pulmonary embolism
Pulmonary artery involvement by hydatid cysts is very 
rare. It can occur by several mechanisms. The source 
of cystic emboli is liver, right cardiac chambers. Liver 
cyst ruptures into the IVC and through the right heart 
chambers enter into the pulmonary artery.[141] Another 
possible source can be the pulmonary cysts which can 
enter pulmonary circulation by producing breaks in the 
wall of the pulmonary vessels. The vesicles or the daughter 
cysts mechanically obstruct the blood flow, and there 
are no thrombi.[142] The treatment of choice of hydatid 
cyst embolism is surgery. The risk of surgery includes 
dissemination of the disease, anaphylactic shock, and 
pseudoaneurysm formation.

Other uncommon complications include aspergilloma 
within hydatid cavity,[143] co‑existence tuberculosis and 

hydatid cyst,[144] lung hydatid abscess, persistent cavity, 
recurrence of daughter cysts, and fibrosis and bronchiectasis.

Prevention
•	 Healthy	livestock	management	practices
•	 Dietary	regulation	of	pet	dogs
•	 Education	 on	 proper	 hygiene.	Hand	washing	with	

soap and warm water should be adopted religiously. 
Fruits and vegetables should be properly washed before 
consumption

•	 Treatment	 of	 pet	 dogs	 in	 endemic	 areas	with	 PZ	
(5 mg/kg) every 45 days

•	 Effective	 livestock	 vaccine:	Vaccination	of	 livestock	
for prevention of pulmonary hydatid cyst should be 
an important goal in management. Recently EG95, a 
recombinant vaccine has been developed from the 
oncosphere for use in the parasite’s intermediate host(s). 
It protects the sheep against E. granulosus infection, 
subsequently preventing human infection.[145] Similarly, 
Zhang et al.[146] reported significant suppression of 
worm growth and egg production by vaccinating the 
dog with the recombinant vaccine. Suppression of egg 
development would prevent transmission of infection 
to intermediate hosts.

CONCLUSION

CE is a zoonotic parasitic disease with global existence. 
Though it can involve any organ, liver and lungs are 
the most commonly involved organ. Patients remain 
asymptomatic for a longer period as the cyst grows slowly. 
Diagnosis is usually based on radiology supported by 
serological testing. Surgery is the treatment of choice 
of pulmonary hydatid cyst but in inoperable cases or in 
cases where surgery is contraindicated, medical therapy 
with benzimidazoles compounds may be tried. In view 
of its enormous human impact, prevention should be 
emphasized particularly in endemic areas. Vaccination 
has a great potential in containing the transmission of 
echinococcosis in future.
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