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ABSTRACT

Hydatid disease is a zoonotic infection caused by the larval stage of the Echinococcus granulosus worm, com-
monly found in developing countries. The lungs represent the second most commonly affected organ in
both children and adults. The disease is more common in children than in adults, and the growth of hydatid
cysts is more rapid in children than in adults. Diagnosing uncomplicated cases of hydatid cysts is generally
straightforward clinically and radiologically. However, difficulties may arise in diagnosing complicated cysts.
Surgery is the definitive treatment for pulmonary hydatid cysts. The surgical approach is contingent upon a
number of factors, including the dimensions of the cyst, the integrity of its structure, whether it is solitary or
multiple, unilateral or bilateral, and the extent of lung parenchyma destruction. In contrast to the liver, surgi-
cal treatment is promptly planned upon the diagnosis of a pulmonary hydatid cyst. The most effective surgical
method is cystotomy and capitonnage while maintaining the integrity of the lung parenchyma to the greatest
extent possible. Albendazole is the preferred medical treatment, but it is not recommended for intact cysts
during the preoperative period due to its potential to weaken the cyst wall and cause rupture. Albendazole
is administered to prevent postoperative recurrence and for treatment in cases where surgery is not feasible.
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Introduction

Hydatid cyst disease is a zoonotic illness caused by the E. granulosus tapeworm. The liver is the
most commonly affected organ, accounting for approximately 80% of cases. The lungs are the
second most commonly affected organ, accounting for around 23% of all cases of hydatid cysts.!
This disease remains a significant public health concern in countries where definitive hosts, such
as dogs, have close contact with humans and animals. It is pretty common for uncomplicated
hydatid cysts to be diagnosed through chest X-rays, often as a result of the scan.? Treatment
methods for pulmonary hydatid cysts vary according to clinical practices and include medical
therapy and surgical techniques. This review examines these treatment methods.

Epidemiology

Hydatid cyst disease is a widespread global issue. However, due to insufficient data in many
countries, a comprehensive global assessment of the current situation is not possible. The preva-
lence and incidence of the disease vary significantly between countries and regions. Endemic
rural areas have reported prevalence rates of 2%-6% or higher.? Parasite prevalence is high in
Mediterranean countries, the Russian Federation, Turkic Republics, Australia, North and East
Africa, and South America. Prevalence increases with age, and incidence is 2-6 times higher in
rural areas. Additionally, it is slightly higher in women compared to men.*> However, a large series
study comprising 3090 cases conducted in a single center found that the disease was most com-
monly seen in the second decade of life, with cases observed in every age group. It was approxi-
mately 4.6 times more prevalent in rural areas where animal husbandry is common practice.
When comparing gender, it has been observed that around 60% of adult cases are female, while
approximately 55% of children affected are male.!
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Life Cycle of Echinonococcus
granulosus

Echinococcus has a definitive host, usually
dogs, and an intermediate host, which is typi-
cally goats, sheep, camels, pigs, and cattle. Adult
E. granulosus tapeworms are typically found in
canids, specifically dogs. Humans are incidental
hosts and do not contribute to the transmis-
sion cycle. Completion of the life cycle requires
2 mammalian species. It can be concluded that
there is no transmission of E. granulosus from
human to human.®

The adult tapeworm resides within the small
intestine of the definitive host. Thousands of
worms can infect the definitive host. The E.
granulosus worm is typically 2 to 7 mm in length
and comprises a scolex with suckers and hooks,
as well as at least 3 proglottid segments. The
tapeworm is composed of proglottid segments
containing both male and female reproductive
organs and embryos, which can produce para-
site eggs measuring 30-40 microns. Each adult
worm has the ability to produce thousands of
eggs daily. The eggs are excreted into the envi-
ronment via the feces of the definitive host,
making them infectious to susceptible interme-
diate hosts and incidental human hosts. Due to
their high resistance, the eggs can remain infec-
tive for up to a year in a moist environment with
low temperatures. When an intermediate host
ingests the egg orally, oncospheres are released.
Once the larvae have penetrated the intestinal
mucosa, they enter the bloodstream and/or
lymphatic system. They then migrate to the liver
or other internal organs. After several days, a
fluid-filled cyst begins to develop, and multiple
layers subsequently form a metacestode, known
as a hydatid cyst.”®

Pulmonary Involvement

The eggs enter the intermediate host's body and
can penetrate the gastric acid barrier. They con-
tinue to develop in the small intestine. After the
egg's protective shell dissolves due to digestive

*  Pulmonary hydatid cysts still commonly occur in
developing countries.

* In children, lung involvement is more common
and hydatid cyst growth is faster than in adults.

* Surgical treatment is the gold standard and
depends on a number of factors, including the size
of the cyst, rupture, solitary or multiple, unilateral
or bilateral, and the degree of lung parenchymal
destruction.

* Surgical management should include cystotomy
and capitonnage with preservation of the lung
parenchyma as much as possible.

* Modified capitonnage technique for giant hydatid
cysts is effective in reducing complication rates.

enzymes, the liberated embryo attaches to the
intestinal mucosa with its hooks. It then passes
from the walls of the jejunum and ileum to the
portal vein or periduodenal and perigastric lym-
phatics. The hydatid cyst typically develops in the
liver as the oncosphere generally cannot pass
through the liver sinusoids. If the larvae do man-
age to pass through the sinusoids, they can reach
the liver vein, inferior vena cava, right heart,
and pulmonary arteries, ultimately reaching the
lungs. In rare cases, they may be transported via
the thoracic duct or pass from the iliac veins to
the inferior vena cava without passing through
the liver; resulting in pulmonary involvement.”
Although publications often mention that pul-
monary hydatid cysts are the most common
in children, our extensive series at our clinic
has shown that the liver is the organ most fre-
quently affected.'® However, pulmonary involve-
ment in children is more than twice as common
as in adults.'

Growth of Pulmonary Hydatid Cyst
The growth rate of hydatid cysts is contingent
upon the degree of softness of the organ in
question and the elasticity of the surrounding
tissue. According to the literature, pulmonary
hydatid cysts may grow faster than hepatic
ones due to the lung's softer nature and nega-
tive pleural pressure. Moreover, it has been
observed that hydatid cysts may grow faster in
children than in adults due to the more elas-
tic lung tissues.®” However, demonstrating this
growth through a prospective randomized study
is not feasible due to ethical reasons. Therefore,
these statements represent an analysis of sur-
geons’ clinical observations. A recent study of a
large series of patients from 2 centers reported
a doubling time of 73 days for pulmonary hyda-
tid cysts and 173 days for hepatic hydatid cysts.
In children, the doubling time for pulmonary and
hepatic hydatid cysts was found to be 61 days
and | || days, respectively."!

Clinical Findings

The initial stages of pulmonary hydatid cysts are
frequently asymptomatic. The symptoms and
signs experienced by patients are contingent
upon the location and size of the cyst. Small,
intact cysts are typically diagnosed incidentally
and do not cause significant symptoms.'?'® The
literature  commonly reports cough (61%),
chest pain (44%), dyspnea (25%), expectora-
tion of sputum (17%), and hemoptysis (12%)
as the most frequently encountered symptoms
in cases of pulmonary hydatid cysts. Less fre-
quently, patients may experience fever, fatigue,
nausea, and vomiting. In approximately 7% of
cases, expectoration of cyst fluid or mem-
branes (hydatoptysis) is the definitive symptom,

indicating that the cyst has perforated and
opened into the bronchus." Following perfora-
tion, the patient’s general condition may dete-
riorate, leading to dyspnea and chest pain. Acute
hypersensitivity reactions, including fever and
anaphylaxis, are the most definitive signs of a
ruptured cyst. Anaphylaxis can rarely result in
death. Peripheral cysts may cause chest pain
due to pleural irritation, as well as shoulder and
abdominal pain due to diaphragmatic irritation.
If the cyst ruptures into the pleura, it can lead to
pneumothorax, pleural effusion, empyema, and
associated symptoms and signs.®’

Diagnosis

In regions where hydatid cysts are endemic,
diagnosis is generally straightforward, especially
in uncomplicated cases. Clinical and radiologi-
cal evaluation is usually sufficient. In compli-
cated cases, supporting radiological images with
serology can be a useful research method for
this disease. Leukocytosis, eosinophilia, and
elevated erythrocyte sedimentation rate are
nonspecific parameters observed in patients
with this infection and are not diagnostic fea-
tures.'*'> Radiologically, intact cysts present as
well-defined, oval, and opaque lesions. When
ruptured, they can result in various radiological
appearances, such as the water lily sign, double-
arch sign, dry cyst sign, air bubble sign, and ser-
pent sign. These appearances can be mistaken
for other pulmonary diseases, particularly lung
cancer in adults (Figures [-5).6

Therapeutic Approach

Surgical intervention is the primary treat-
ment for pulmonary hydatid cysts. Although
medical treatment can be used, it is not recom-
mended as extensively as it is for hepatic cysts.
It is important to note that the PAIR (Puncture,
Aspiration, Injection, Re-aspiration) method is

d

Figure |. Coronal section of chest computed
tomography (CT) with lung window in a 32-year-old
female patient showing an intact hydatid cyst
(asterisk).
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Figure 2. Axial section of chest CT in a 68-year-old male patient showing a complicated hydatid cyst in the
right middle lobe of the lung as seen in the mediastinal (A) and lung (B) windows (arrow).

not recommended for pulmonary hydatid cysts,
unlike in hepatic cysts.

Surgical Treatment

The surgical treatment of hydatid cysts involves
completely removing the cyst by taking out the
inside, making sure it does not get contaminated
or spill out, carefully closing the bronchial open-
ings, dealing with any remaining spaces, and
trying to keep as much of the lungs as possible
intact. The surgical approach is dependent on a
number of factors, including the size of the cyst,
whether it is intact or ruptured, whether it is
solitary or multiple, whether it is unilateral or
bilateral, and the extent of lung parenchyma
destruction.'®

Surgical Methods from Past to Present

Various techniques have been described for the
surgical treatment of pulmonary hydatid cysts
from the past to the present. Enucleation (Ugon
method) is recommended for cysts smaller
than 5 cm. This technique involves removing
the intact germinal membrane along with the
cyst. However, it is not recommended for larger
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cysts due to the risk of rupture and is rarely
practiced. On the other hand, pericystectomy
(Perez-Fontana method) involves removing the
pericyst along with the hydatid cyst. It is not
preferred nowadays due to its association with
a high risk of air leak, tension pneumothorax,
or bronchopleural fistula formation, particu-
larly in delayed cases. The Figuera technique for
open aspiration is similar to the method used
for hepatic hydatid cysts. It involves PAIR. This
procedure aspirates the cyst membranes and
daughter vesicles. Although less invasive, this
procedure still carries a risk of infection and
air leak within the cavity, which can lead to the
formation of empyema. This procedure is not
widely accepted. Cystotomy with capitonnage,
also known as Barretts method, involves cys-
totomy, aspiration of cyst fluid, and removal of
the germinal membrane. The application of this
technique serves to mitigate the likelihood of
residual cavity infection, air leak, and empyema
formation through the utilization of capitonnage.
It is important to note that all commonly used
techniques are fundamentally based on Barrett’s
method. A cystotomy with the additional

Figure 3. A |2-year-old male patient with a ruptured hydatid cyst in the right upper lobe causing a

water-lily sign (arrow).

procedure of bronchial opening closure does
not involve capitonnage, which results in less
distortion of lung parenchyma. However, it does
increase the risk of air leaks and infections. The
Posadas method is comparable to the Barrett
method; however; in this approach, the bron-
chial airways are opened prior to the closure
of the capitonnage. This reduces the likelihood
of infection, air leak, and empyema formation
within the residual cystic cavity. Therefore, the
procedure’s outcome is satisfactory, except for
causing atelectasis due to lung parenchymal dis-
tortion. The most frequently employed surgical
technique in the treatment of pulmonary hyda-
tid cysts is cystotomy and capitonnage, which is
the Posadas method. However, in some cases,
pulmonary resection may also be required."!”2°

Capitonnage and Uncapitonnage

Pulmonary hydatid cysts are universally agreed
to be treated surgically. However, there is sig-
nificant debate regarding whether or not to
perform capitonnage. Some authors argue that
after performing cystotomy and removing the
membrane, it is sufficient to close the open
bronchial openings?'** These studies suggest
that capitonnage alone does not provide addi-
tional benefits compared to cystotomy and clo-
sure of the bronchial openings. However, some
authors recommend the use of capitonnage,
claiming that it offers additional benefits and is
linked to better postoperative outcomes??%
The objective of capitonnage is to eliminate the
residual cavity in order to prevent prolonged air
leaks and postoperative abscess formation. This
is achieved by applying a series of purse-string
sutures from the base of the cyst wall until the
cavity is completely closed. There are concerns,
particularly with infected and complicated cysts,
about the possibility of infection and tearing
of lung tissue due to capitonnage sutures. As
a result, the necessity of capitonnage is still a
topic of debate. A recent systematic review and
meta-analysis analyzed |2 studies comparing
cases with and without capitonnage. The study
found that overall complications were 3.8 times
less, prolonged air leaks were 4.2 times less, and
empyema was 4.8 times less in the group where
capitonnage was performed compared to the
group where it was not performed. Moreover,
no notable discrepancies were observed
between the 2 groups with respect to the inci-
dence of atelectasis and the length of hospital-
ization. These results highlight the importance
of capitonnage.”

Bilateral Hydatid Cysts

In 85%-90% of cases, patients with echinococ-
cosis exhibit single-organ involvement, with over
70% of them having a solitary cyst.?” Pulmonary
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Figure 4. A 45-year-old male patient with a hydatid cyst in the right upper lobe showing a crescent sign
(arrow) due to air entering between the pericyst and the laminar membrane.

hydatid cysts reportedly lead to bilateral lung
involvement in 14% of cases.' In cases where
bilateral cysts are present, surgical planning
should be based on a comprehensive evalua-
tion of the intactness or complication status,
diameters, and risk of dissemination of the cysts.
Like many authors, we also recommend treat-
ing bilateral cysts with a 2-stage operation.?8 If
a patient has both an intact hydatid cyst in one
lung and auptured complicated cyst in the other
lung, the intact cyst should be given priority dur-
ing surgery. Similarly, priority should be given to
the hemithorax with the larger diameter cyst,
the cyst located more centrally, or the hemi-
thorax containing more cysts. These cases are
typically approached thoracotomically or thora-
coscopically, with a 2-4 week interval between
surgeries. However, some surgeons argue that
single-stage surgery is superior to the classical
2-stage operation because it reduces hospital
stay, morbidity, and cost.?'*? Single-stage surgery
involves simultaneous  bilateral thoracotomy/
video-assisted thoracoscopic surgery (VATS),

median sternotomy, and Clamshell incision.
One significant disadvantage of single-stage sur-
gery is the risk of complications in both lungs
simultaneously.

Children and Adults

There is no difference in the surgical treatment
of hydatid cysts between children and adults.
However, due to the much faster growth of
hydatid cysts in children compared to adults, it
is recommended that surgical treatment be ini-
tiated as soon as possible when a hydatid cyst
is detected in children.'" It is important to pre-
serve the lung parenchyma as much as possible,
especially in children, due to the rapid healing of
lung tissue.

Giant Cysts

Hydatid cysts are commonly referred to as
giant cysts when they reach 10 cm in diameter
or more. According to reports, giant cysts are
more prevalent in the pediatric and young age
groups than in adults.® In some cases, patients

Figure 5. Posteroanterior chest radiograph (A) and axial chest CT (B) of a 5-year-old male patient with
intact cysts measuring approximately 75 mm in the right lower lobe and 65 mm in the left lung (asterisks).

with giant hydatid cysts may experience pleural
complications, which may require major surgi-
cal procedures like decortication. Postoperative
complications can be more anticipated in pulmo-
nary giant hydatid cysts due to their complicated
nature and
compared to small cysts. Capitonnage is advan-
tageous in cases of giant pulmonary hydatid
cysts because of the presence of numerous
bronchial openings. The modified capitonnage
method, known as the Aydin method, allows for
a more robust and secure application of capi-
tonnage in giant and complicated hydatid cysts.*
In contrast to traditional purse-string capiton-
nage, which involves sutures passing from the
inside of the pericyst wall and exiting through
the intact pleura outside to prevent loosening
and disruption due to inflammation, the modi-
fled method involves inserting sutures from a
point near the lung parenchyma and re-entering
the cavity from the pericyst wall (Figure 6). This
technique is particularly useful for larger areas
of the cavity, especially in cases where the peri-
cyst wall is inflamed. It has been observed that
this method is effective in preventing significant
complications, such as postoperative empyema
and prolonged air leakage.

increased bronchial associations

Lobectomy and Pneumonectomy

A lobectomy is recommended for hydatid cysts
that involve more than 50% of a lobe, for infected
cysts that are unresponsive to treatment, for
cases of multiple cysts in a single lobe, and for
cases with associated bronchiectasis, pulmonary
fibrosis, or severe bleeding. Anatomical resec-
tion is also indicated when a complicated hydatid
cyst cannot be distinguished from aspergilloma
or lung cancer.*® However, it is recommended to
consider parenchyma-preserving procedures pri-
marily in children and young adults, regardless of
the size of the cyst, as preservation of pulmonary
parenchyma is a fundamental principle of hyda-
tid cyst surgery. Nevertheless, cyst rupture can
result in infection, parenchymal destruction, and
abscess formation. In such cases, extensive wedge
or lobectomy resection may be necessary.*®

Surgical Outcomes

Hydatid cyst surgery typically produces satis-
factory outcomes. However; as with any surgi-
cal procedure, there are risks of complications
and mortality. The postoperative complica-
tion rate associated with hydatid cyst disease
has been reported to range from 1% to 39%,
with a mortality rate of 0%-2%."" The most
common complication is a prolonged air leak.
[t has been documented that postoperative
complications are more prevalent in ruptured
and large-sized cysts. Intraoperative complica-
tions typically involve hydatid cyst rupture and
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Figure 6. The modified capitonnage technique (Aydin technique) developed for the surgical treatment of a
giant pulmonary hydatid cyst is illustrated. The suture entering the pericystic wall (A) is retrieved from the
pleura (B) and the same procedure is applied to the opposite wall of the pericystic cavity (C, D). The
sutures within the pericyst are ligated and cut (E, F).

bleeding. Postoperative complications may
occur immediately or be delayed. Postoperative
complications to consider include prolonged air
leak, bronchopleural fistula, hemopneumotho-
rax, empyema, and atelectasis.*’"

Medical Therapy

Indications for medical treatment of pulmonary
hydatid cysts include small cysts, high surgical
risk, refusal of surgical treatment, multiorgan
failure, multiple cysts, and patients with intra-
operative spillage of hydatid fluid. Medical inter-
vention is contraindicated in cases of large cysts
at risk of rupture, calcified or inactive cysts,
patients with bone marrow depression, and dur-
ing pregnancy 2027424

Albendazole is the most preferred drug world-
wide due to its better bioavailability, higher

efficacy, and lower required dosage compared
to mebendazole. The recommended dosage
is 10-15 mg/kg/day, administered twice dalily,
and taking the drug with fat-rich meals can
increase its bioavailability. The optimal dura-
tion of chemotherapy for pulmonary hydatid
cysts is unknown, but it is recommended to
start taking albendazole |15 days before surgery
and continue for at least 3-6 months.?/ %%
The efficacy of preoperative or postoperative
treatment for pulmonary hydatidosis has not
been clearly studied. Traditionally, preopera-
tive treatment has been recommended based
on evidence from studies of liver hydatid cysts
to prevent regrowth and postoperative intra-
operative shedding. However, some authors,
including ourselves, suggest that medical treat-
ment with benzimidazoles should not be consid-
ered preoperatively.** Rupture of a pulmonary

hydatid cyst can result in asphyxia and anaphy-
laxis. Additionally, medical treatment may com-
plicate the surgical procedure, necessitating
surgical intervention. It is important to avoid
rupturing the cyst during medical treatment.

Albendazole-induced hepatotoxicity is com-
mon. Monitoring of liver enzymes and complete
blood count during treatment is mandatory,
starting at weekly intervals at the start of treat-
ment and continuing monthly and at longer
intervals after stabilization.”? In the past, the
drug was given in courses of several months,
interrupted at |4-day intervals. These intervals
were given to prevent hepatotoxicity. However,
studies have shown that continuous treatment
is more effective than cyclic treatment without
an increase in side effects.” The authors recom-
mend albendazole treatment after surgery to
prevent cyst rupture. In a study of 153 patients
with pulmonary hydatid cysts who underwent
|70 operations, albendazole at a dose of |5
mg/kg/day was administered postoperatively in
2 cycles of 15 days each. Patients were rested
for 10 days in between, and complete blood
counts and liver function tests were performed.
In the case of bilateral cysts, albendazole treat-
ment was started after the second operation.
The occurrence of fever, malaise, and dizziness
was observed in a single patient who had been
treated with albendazole. A partial increase in
liver enzymes was noted in |6 patients (10.5%)
following treatment with albendazole. Only |
patient experienced mild leucopenia and neu-
tropenia. One patient underwent a second
operation after 30 months due to recurrence.
Albendazole treatment did not need to be
discontinued in any of the patients. This study
demonstrated the efficacy of a shorter course
of albendazole prophylaxis after surgery in pre-
venting recurrences.*

Conclusion

The diagnosis of intact pulmonary hydatid
cysts is generally straightforward, especially in
endemic regions. Surgery is the primary treat-
ment for pulmonary hydatid cysts. Surgical
treatment should be started as soon as possible
after diagnosis, especially in children, because
of the shorter doubling time. In the case of
bilateral pulmonary hydatid cysts, sequential
thoracotomies 2-4 weeks apart, prioritizing
the hemithorax for centrally located, multiple,
intact, and larger cysts, may be effective. For
giant hydatid cysts, the modified capitonnage
technique may reduce complication rates.
The procedure of cystotomy and capitonnage
significantly reduces postoperative complica-
tions compared to cases where capitonnage
is not performed. In cases of intact pulmonary
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hydatid cysts, albendazole treatment should be
given postoperatively to prevent cyst rupture,
asphyxia, and anaphylaxis.
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