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Abstract: Pulmonary parasitic infestations are a worldwide problem associated with significant morbidity

and socioeconomic impact. They are known to have varied clinical presentations and radiological

appearances. Prevention of parasite transmission and medical treatment of cases form the two pillars of

control of these diseases. The role of surgery is limited to the diagnosis and definitive treatment of the

minority of pulmonary parasitic afflictions, most notably hydatidosis. Despite surgery being established as

the treatment of choice in pulmonary hydatid cysts (PHCs) for over half a century, variations and unresolved

controversies persist regarding the best surgical technique. Complications brought on by cyst rupture,

multiplicity and multi-organ involvement add complexity to treatment decisions. The development of video-

assisted thoracoscopic surgery (VATS) brings the promise of reduced peri-operative morbidity but is yet to

be universally accepted as a safe technique. In this review, we endeavor to discuss the common pulmonary

infestations focusing on the current trends and controversies surrounding surgery for PHC.
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Introduction

Pulmonary parasitic infestations, though endemic to certain
areas, are a worldwide problem. Improvement in socio-
economic conditions with concomitant improvement
in hygiene has resulted in the decline in incidences in
developed countries in the latter half of the last century.
However, increasing migration and the rising incidence of
immunosuppression will likely ensure doctors practising
outside endemic areas will be required to deal with these
problems with increasing frequency (1). Wider use of
screening techniques for lung cancer will invariably bring
to medical attention large numbers of pulmonary nodules
and infiltrates. Pulmonary infestations and their radiological
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manifestations will regularly need to be considered in their
differential diagnosis, especially in endemic areas.
Clinically significant pulmonary involvement occurs
due to a range of protozoal and helminthic infestations.
They may affect a range of thoracic sites from the
tracheobronchial tree, pulmonary parenchyma, and pleural
space to the chest wall. They can have wide ranging and
non-specific clinical manifestations leading to diagnostic
and therapeutic dilemmas and often confusion with
malignancy (2). Though a vast majority of these ailments are
treated medically or are self-remitting, the role of surgery
is paramount in the diagnosis of some and treatment of
others, most prominently pulmonary hydatid cysts (PHC).
Despite growing experience in the surgical management of
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these problems, controversies and ambiguities in different
aspects of their management persist. A prime example is the
acceptance of video-assisted thoracoscopic surgery (VATS)
as a viable and safe technique in these operations. In this
review, we outline the scope of this problem, tackle some
associated polemics and discuss their management.

Pulmonary parasitic infestations—a brief
overview

Pulmonary manifestations are seen in a myriad of parasitic
infestations (3,4). They can have a wide variety of clinical
presentations and diverse radiological appearances. A brief
description of the common human parasitic (helminthic
and protozoal) infestations which can have pulmonary
involvement, their mechanism of transmission, pulmonary
symptoms and radiological findings are summarised in Zable 1.

In a significant proportion of these infestations the
pulmonary symptoms arise because the worms either in their
larval [ascariasis (5), hookworm (7), strongyloidiasis (10)]
or adult form [Dirofilaria (26), microfilaria (16)] travel
through the lungs during their life cycle. This migration
through the lungs results in a hypersensitivity reaction with
the patient presenting with transient eosinophilic pneumonia
(Loffler’s syndrome—wheezing, pulmonary infiltrations,
and eosinophilia). Few worms (mammomonogamus species)
actually complete their life cycle in the human pulmonary
system with the central airway being the site of infestation.
They can cause bronchial obstruction and relentless cough (27).
In echinococcosis, human disease is characterised by
formation of cysts in different organs including the lung.

The role of surgery in the management of the majority of
pulmonary parasitic infestations is very limited. Other than
for purpose of obtaining a surgical biopsy of pulmonary
nodules caused by some of the parasites (e.g., dirofilariasis)
and bronchoscopic removal of obstructing adult worms
(syngamosis), surgery is mainly confined to the treatment
of PHC. Further discussions in this review will therefore be
centred on PHC and their surgical management.

PHCs (echinococcosis)

Echinococcosis or hydatid disease is caused by larvae
(metacestode stage) of the tapeworm Echinococcus which
is a cestode of the Taeniidae family. Although three other
species of this worm are known, human disease is mainly
caused by E. granulosus. This species causes cystic hydatid
cyst. E. multilocularis, causes alveolar echinococcosis,
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occurs in colder areas and is associated with animals in wild
ecosystems, especially foxes. E. vogeli and E. oligarthrus are
rare species and cause polycystic echinococcosis.

Epidemiology

Echinococcosis has a world-wide distribution (28). More
than one million people are thought to be affected with
echinococcosis at any given time. It forms a significant
public health problem in many areas including central and
South America, South-western Europe, the Middle East,
North Africa, sub-Saharan Africa, Russia and surrounding
countries and China. A review of available literature
on worldwide frequency of echinococcosis showed the
prevalence to be 1-7% in community based studies and 0-32
cases per 100,000 in hospital based studies (29).

Life cycle of Echinococcus granulosus and
structure of hydatid cyst

For the hydatid tapeworm, humans are accidental hosts
and do not actually play a role in the biological cycle. The
definitive hosts are dogs (and other canines) and varieties of
warm-blooded vertebrates like sheep, goats, cattle, horses
and pigs are the intermediate hosts. The adult worm which
inhabits the small intestine of the definitive host is usually
2-7 mm long. They attach to the intestinal mucosa and have
proglottids containing numerous eggs. The eggs are passed
out in the faeces of the definitive host and stick to either the
animal’s fur or the grass. The intermediate hosts ingest the
eggs while grazing on the contaminated grass. The embryos
hatch in the small intestine of the intermediate host. They
enter the portal circulation via the intestinal wall and then
travel to the visceral capillary bed; most commonly the
liver and lungs. Here, they develop into metacestodes and
grow into a cyst filled with fluid. The interior of the cyst is
filled with hundreds to thousands of protoscolices; each of
which has the potential to develop into an adult worm when
ingested by a canine definitive host. Once in the intestine of
the definitive host, the development into a mature worm to
complete the life cycle takes 4-7 weeks (30,31). Humans are
infected by either ingesting uncooked food contaminated
by dog faeces or by direct contact with dogs. Humans
represent a dead end for the life cycle of the parasite and
human to human transmission does not occur (30,31).

The fully developed cysts are composed of three layers.
The pericyst, or outer layer, is composed of inflamed fibrous
tissue derived from the host; the ectocyst is an acellular
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laminated membrane; and the innermost layer, or endocyst,
is the germinative layer of the parasite and gives rise to
brood capsules (secondary cysts), which bud internally.
Protoscolices are produced within the brood capsules. The
fluid, which is antigenic, may contain debris, hooklets and
scolices. These are referred to as hydatid sand. Daughter
cysts may develop directly from the endocyst, resulting in
multicystic structures (32).

Clinical presentation and diagnosis of PHC

Clinical presentation of PHC is diverse and does not present
a constant clinical pattern. This often poses diagnostic
difficulties. Clinical manifestations vary widely depending
on the site, size and status (intact or ruptured) of the cyst.
Cough and chest pain are the commonest symptoms.
Intact cysts are frequently incidental findings or present
with cough, dyspnoea or chest pain. Symptoms are usually
secondary to cyst rupture which can be contained (rupture
of endocyst contained by pericyst) or communicating (the
contents of the cyst escape into the tracheo-bronchial tree
or the pleural cavity) (33). Cysts in the middle lobe and
lingula have been found in a study to have greater rupture
rates (34). Rupture of the cyst into a bronchus, may present
with expectoration of cystic contents, productive cough,
repetitive haemoptysis, fever or even rarely anaphylactic
shock (35). Pieces of cyst membrane may be expectorated
(hydatoptysis). Spontaneous healing is theoretically possible
if one expectorates the whole cyst membrane. Some rarer
potential clinical effects of hydatid infection include
immune complex-mediated disease, glomerulonephritis
leading to nephrotic syndrome, and secondary amyloidosis
(36,37). Ruptured cysts may become infected with bacteria
or saprophytic or invasive fungi (38,39). Hydatid disease
has been reported to cause recurrent acute pulmonary
embolism (40).

Radiology forms the principal diagnostic tool and hydatid
disease should come high on the list of differential diagnosis
in patients with cystic lung lesion especially in endemic
areas and in presence of appropriate history. Serological
tests, though described, are usually restricted to use in case
confirmation, especially among patients with atypical lung
lesion on account of their low sensitivity and incomplete
specificity (41). Serology may also be of use for patient
follow-up as an indicator of relapse or recurrence (42).
The use of synthetic peptides as antigens is thought to
provide more reliability (41). The synthetic peptide p176,

corresponding to the N-terminal extreme of the subunit
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of antigen B (AgB8/1), has shown promising performances
for diagnosis of hydatid disease. Patients with complicated
(ruptured) or multiple cysts are more likely to have positive
serum antibody reactions (41).

Chest X-ray and computed tomography (CT) are the
usual imaging modalities used. An uncomplicated PHC
appears as a well-defined homogenous radio-opacity on a
chest X-ray. The lower lobes are the most common location
in the lungs (in 60% of cases). These cysts can be multiple
in 30% of cases and bilateral in 20% (43). Calcification
is very rare. On CT scan, uncomplicated PHCs appear
as well-circumscribed fluid attenuation lesions with
homogenous content and smooth, hyper dense walls. Unlike
hydatid cysts of the liver, daughter cyst formation are rare
in lung hydatids (43,44). Bronchial rupture and subsequent
drainage of the cyst fluid can lead to a number of X-ray
and CT scan appearances or signs (Figure I). A detailed
discussion of these radiological features is beyond the scope
of this review but the reader is directed to a recent review
on this topic by Garg et al. (45).

Bronchoscopy is not routinely required in patients with
PHC:s with a typical clinico-radiological features. However,
fiber-optic bronchoscopy may be helpful in clinching the
diagnosis in patients with atypical clinical and radiological
features (46,47). Discovery of endobronchial whitish yellow
or white gelatinous membrane on bronchoscopy is typical.

Treatment of PHCs
Medical therapy

Treatment of PHC is primarily surgical but
pharmacotherapy does have a role in selected cases.
PHCs have been demonstrated to be more sensitive to
chemotherapy than liver cysts (48,49). Medical therapy
of PHC includes benzimidazoles group of drugs,
namely mebendazole or albendazole. Chemotherapy is
considered suitable for smaller cysts (<5 cm), patients with
contraindication for surgery: poor surgical risk, refusal for
surgery and multi-organ disease, multiple cysts, recurrent
cysts, and patients with intraoperative spillage of hydatid
fluid (50,51). Albendazole has better bioavailability and is
more effective in lower doses than mebendazole and is now
the drug of choice (52). The usual recommended dosage is
10-15 mg/kg/day (53). Although the optimal duration of
pharmacotherapy in pulmonary hydatidosis is not known, it
is usually given for 3—6 months. The convention in the past
was to give albendazole in 1 month courses interrupted by

7 Thorac Dis 2018;10(Suppl 28):S3446-53457
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Figure 1 Radiological appearances of pulmonary hydatid cysts. (A) X-ray chest showing multiple and bilateral cysts; two in right lung (one

intact and one ruptured) and single intact left lung cyst; (B) CT scan of the same patient; (C) CT scan showing a giant hydatid cyst in the left

upper lobe; (D) Multi-organ involvement—CT scan demonstrating a lung and liver hydatid cysts. CT, computed tomography.

14-day intermissions in order to avoid hepatotoxicity (54).
More recently, continuous therapy has been demonstrated
to be more efficacious than cyclic therapy with no increase
in adverse effects (53,55).

Small, multiple cysts, younger cysts which have thin walls,
and cysts without daughter cysts are thought to show the
most favourable responses with pharmacotherapy (56-58).
When effective, 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 (59). Albendazole treatment in
the pre-operative setting has been demonstrated to weaken
the walls of pulmonary cysts and might cause their rupture,
especially in larger cysts (60). Also, it is known that despite
a high concentration of albendazole in the serum and cyst
fluid, the cyst can continue to be viable. The protoscolices
maintain their viability in dead cysts (61). Therefore the
role of routine pre-operative albendazole to prevent post-
operative recurrences is reserved for hydatid cysts that have
ruptured preoperatively (60,62).

Recurrence rates of PHC without postoperative
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antihelminthic therapy have been reported to be high (63).
Therefore, postoperatively, all patients should receive
albendazole (10 mg/kg per day) for 6 months to prevent
recurrence of the disease (62).

Surgical treatment

The principles of surgical treatment of hydatid cyst include:
complete evacuation of the cyst with removal of the endocyst;
avoidance of contamination and spillage; meticulous closure
of bronchial openings; management of the residual cavity (64);
and maximal preservation of pulmonary parenchyma (64).
Enucleation (Barrett’s technique) with or without capitonnage
is the classical operation performed (65,66). However,
multiple factors influence the operation performed including
whether the cyst is: intact or ruptured; single or multiple;
unilateral or bilateral; associated with liver dome cyst; and
associated with destruction of lung parenchyma (54). In the
ensuing paragraphs, we shall discuss some of the pertinent
issues and controversies surrounding surgical techniques and
procedures for PHCs.

7 Thorac Dis 2018;10(Suppl 28):S3446-53457
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Figure 2 Enucleation of a pulmonary hydatid cyst. (A) Isolation of the cyst containing lobe with povidone iodine soaked packs; cruciate

incision on the pericyst; (B) delivery of the intact cyst by positive pressure ventilation on the ipsilateral lung; (C) intact cyst after delivery; (D)

bronchial opening seen after cyst delivery.

Technique of enucleation

Classically, once the cyst has been located and the lobe
containing the cyst adequately mobilized, the surrounding
area is packed with packs soaked in a scolicidal agent
(povidone iodine or hypertonic saline). The pericyst (seen
as a fibrous whitish layer over the cyst dome) or the lung
parenchyma over the cyst (when the cyst has not reached
the lung surface) is then incised with a blade till the ectocyst
pouts through. Once this happens, the pericyst is cut in
a cruciate fashion to create an opening large enough for
the cyst to extrude. The anaesthetist is now asked to apply
positive pressure ventilation to the ipsilateral lung. This
manoeuvre should cause the cyst to be expelled intact
from the cavity. The cyst is then collected in a kidney dish.
The cavity is cleaned; meticulous search is conducted for
bronchial openings. These bronchial openings are then
closed individually using non-absorbable (polypropylene)
stitches (Figure 2).

Capitonnage aims to obliterate the residual cavity in
an attempt to avoid prolonged post-operative air leak and
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abscess formation. It involves applying a series of purse
string sutures on the cyst wall starting from its base till
the cavity is completely occluded (67). Some consider this
procedure potentially lung parenchyma disfiguring. There
is concern of capitonnage sutures leading to infection and
laceration of the pulmonary tissue especially in infected and
complicated cysts and as such controversy persists as to the
need for capitonnage. While several authors looking at both
uncomplicated and complicated hydatid cysts have shown
no difference in rates of post-operative air leak and infection
with or without capitonnage (68-70), there have been
multiple more recent reports of increased complication
rates (prolonged air leaks, abscess formation) associated
with the practice of not performing capitonnage (71-73).
The practice at the authors’ unit has been to meticulously
look for and close all bronchial openings and then drain
the cyst adequately through a dependent cystotomy. We
do not routinely perform capitonnage when performing an
enucleation via a thoracotomy. We have not experienced
excessive leak and/or infection rates. In our experience,
many factors including size (larger cysts would be more
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difficult to close) and location (capitonnage may be better
for cysts that cannot be drained effectively), pre-existing
infection and parenchymal destruction determine the need
for capitonnage and therefore should be considered on an
individual basis.

Percutaneous aspiration, instillation of scolicidal agents
and reaspiration of contents (PAIR) is now considered an
effective procedure for hepatic hydatid cysts of Gharbi types
I-IIT (74). The experience of this procedure in PHCs has
been inadequate and available literature has been limited
to individual case reports (75) or small case series (76,77).
Although success in individual cases have been reported,
results have largely been disappointing (77).

Thoracotomy has been the traditional approach to
PHC surgery. However, due to the purported benefits of
lesser pain and quicker recovery after VATS, it has been
increasingly applied to this surgery. Concerns however
remain regarding the ability to adhere to the basic principles
of PHC surgery via VATS. For instance, because the cyst
has to be punctured and drained before cystotomy can be
done via VATS; there is consequent potential for pleural
contamination and even anaphylaxis. Consequently, some
authors have in the past advised that the thoracoscopic
approach be used only in dead cysts (78). Also, there
is apprehension about the ability to identify and close
bronchial fistulae adequately. Available literature on VATS
for hydatid cyst remains limited and the numbers involved
have typically been low. To the best of our knowledge, there
have not been prospective randomised trials to compare
VATS with thoracotomy for PHC. Experience with VATS
does not appear uniform. Several reports have shown
less postoperative pain, better cosmetic result, shorter
surgical time, lower drainage volume, and shorter time to
drain removal (79,80). We have previously demonstrated
feasibility and safety of VAT in both intact and ruptured
cysts (81). However, in a comparison between 10 paediatric
patients who were operated via VATS versus 18 patients
operated via a thoracotomy, Dokumecu et 4/. recorded
higher rates of residual bronchial fistula, prolonged air leak,
pneumothorax, and localized air cyst and consequently a
higher median hospital stay in the thoracoscopy group (82).
The perceived higher rates of these complications are
arguably due to the greater difficulty at VAT to identify all
open bronchioles and adequately close them. For example,
in the series presented by Dokumcu et al., the fistulae were
successfully identified and closed only in 4/8 cases of VATS
group but 14/18 of the thoracotomy group. This may be
a function of surgical experience with the procedure and
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may improve with the learning curve. Further, the initial
fears of increased recurrences due to potential spillage or
incomplete removal at VATS have not materialised (79).
At present, available literature suggests VAT'S approach is
viable, reasonably safe and can be applied without increase
in surgical morbidity as long as the basic principles of PHC
surgery are adhered to. Better definitions of the indications
and contraindications to the VATS approach are awaited.

Parenchymal preservation is one of the principles of
PHC surgery. However, cyst rupture can lead to infection
leading to abscess formation and parenchymal destruction.
This may necessitate lung resection in the form of wide
wedge resection or even lobectomy (83). Another indication
for anatomic resection is a ruptured or complicated
hydatid cyst that cannot be differentiated convincingly
from lung cancer or aspergilloma (84). Some large cysts
may also compel a lobectomy when lesser resection may
preserve minimal healthy parenchyma. However, reported
experiences with these large cysts (>10 cm) suggest that
parenchyma preservation may be achieved with acceptable
morbidity (85).

Bilateral multiple lung hydatid cysts are not uncommon
and may be dealt with via staged thoracotomies or median
sternotomy (86). When using the staged approach, the
complicated or largest uncomplicated cyst is tackled first.
Concurrent right lung and dome of liver cysts may be dealt
with simultaneously via a thoracotomy and phrenicotomy (54).

Hydatid cysts complicated by rupture either into the
bronchi or the pleural space often present a treatment
challenge. Besides often posing a diagnostic dilemma, they
tend to cause significant pleural thickening and parenchymal
destruction; therefore, increasing need for decortications
(empyema) or resectional surgery (87). They are also
associated with increased peri-operative complications and
longer hospital stays (87).

Cysts above 10 cm in size are considered “giant hydatid
cysts”. Younger patients, perhaps on account of their
lung tissues being more elastic and also their delayed
presentation, are more likely to have large cysts (88,89).
This group is more likely to be symptomatic at presentation,
to rupture and to need an anatomic resection compared to
smaller cysts. However, the vast majority of these large cysts
can be treated successfully with the same surgical principles
as for smaller cysts. They do not necessarily entail higher
complication rates (89).

Bilio-bronchial fistulae are rare complications which arise
as a result of intra-thoracic rupture of liver dome hydatid
cysts. Repeated pneumonias, bilioptysis, and dyspnoea are
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common symptoms. The surgical approach is usually via
a thoracotomy, although thoraco-abdominal incision has
been described in one study to provide better access (90,91).
The principles however remain the same and comprise:
evacuation of the intrahepatic cysts; obliteration of the cyst
space; freeing the adherent lung; and dissection and closure
of the fistula (90). Pulmonary parenchymal destruction may
necessitate resection.

Recurrence after surgery for PHCs is a significant
problem with incidences varying between 4.6-22% (92-94).
Spillage of scolices containing cyst contents during
surgery is cited as the primary aetiology of recurrence.
This however would explain pleural dissemination but
not isolated parenchymal cysts which have been the
commoner form of recurrence reported. Re-infestation or
subsequent growth of small cysts missed at the time of the
first operation are alternate explanations (95). Treatment of
recurrent PHCs remains surgical if not contraindicated by
patient co-morbidities or advanced age. Re-operations can
be significantly more difficult and associated with increased
morbidity (94). Prevention of recurrence necessitates a
number of pre-emptive efforts including: avoidance of
operative spillage and dissemination; adequate post-surgical
albendazole treatment; and patient education regarding
prevention of re-infestation.

In conclusion, parasitic infestations of the lung are a
significant public health problem occurring worldwide
among both immunocompetent and immunocompromised
patients (1). Hydatid disease alone causes significant socio-
economic impact and healthcare burden often greatest
amongst the poorest communities (29,96). Future efforts
to decrease the incidence and impact of this preventable
ailment mandate public health initiatives directed at
preventing transmission of the parasites. This must involve
increasing hand hygiene education amongst poorer and less
educated communities, education regarding proper washing
of fruits and vegetables before consumption, control of
stray dog population and also control of home slaughter of
sheep and goats including eradication of the feeding of offal
to dogs.

While the role of surgery in treatment of most pulmonary
infestations is limited, it does play a definitive curative role
in PHCs. Variations persist in the surgical approach and
methodology usually based on individual or institutional
experiences and practices; but there exists no doubt that
surgery is the treatment of choice in most PHCs. Moving
forwards, VATS will likely gain greater acceptance and
help decrease post-operative morbidity if applied to the
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appropriate patients and basic principles of hydatid cyst
surgery are maintained despite a minimally invasive approach.
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