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The role of thoracoscopic lung biopsy in
the management of children with solid
organ malignancies and suspected lung
metastases in a developing country
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Abstract

Background: Accurate diagnosis of lung lesions appearing on computed tomographic (CT) imaging in children
with solid organ malignancies can be difficult. Therefore, this study aimed to determine, in a developing country
setting, (1) the utility of thoracoscopic lung biopsy for assessment of suspected lung metastases in solid organ
malignancies, and (2) the pathology of biopsied lesions suspected to be malignancies. The electronic records of all
patients with solid organ malignancies who underwent thoracoscopic lung biopsies for suspected metastases at a
tertiary hospital in South Africa between January 2012 and December 2017 were analysed retrospectively.

Results: A total of 29 thoracoscopic biopsies were taken from 25 patients. In eight biopsies (27.6%), viable
metastatic tumour was identified; in one, a completely necrotic tumour was found. Seven patients (28.0%) were
found to have infective aetiologies which required alternative therapies: of these, three patients had tuberculosis;
three had bronchopneumonia and one had a fungal lung infection. Other findings included haemorrhagic
infarction (n = 1); non-specific fibrosis (n = 1) and reactive lymph node (n = 1). In ten biopsies (34.5%), no lesion
was found on thoracoscopy.

Conclusions: Thoracoscopy was found to improve the management of children with solid organ malignancies and
suspected metastases. Thoracoscopy enabled many patients to avoid additional chemotherapy and radiotherapy
and its negative consequences and enabled therapy for specific benign pathologies including infections.

Keywords: Thoracoscopic lung biopsy, Video-assisted thoracoscopic surgery (VATS), Solid organ malignancy,
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Background
Solid organ malignancies in children, including nephro-
blastoma, neuroblastoma, hepatoblastoma, rhabdomyo-
sarcoma and germ cell tumours, may present with
metastases at diagnosis or relapse at distant sites. Metas-
tases to the lungs are particularly common in

nephroblastoma and hepatoblastoma, with studies from
our centre showing 15-30% of children with nephroblas-
toma having lung metastases at diagnosis [1, 2].
The presence of lung metastases influences treatment

and prognosis with treatment including additional
chemotherapy and subsequent radiotherapy, both of
which can have serious and debilitating complications.
The negative effects of further chemotherapy predomin-
antly relate to the addition of doxorubicin for nephro-
blastoma, which can cause congestive cardiac failure [3].
The negative effects of radiotherapy are well docu-
mented and include skeletal deformities, renal toxicity,
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gonadal toxicity, interstitial pneumonitis and secondary
malignancies [4]. Therefore, considering the severe ad-
verse effects of these treatments, it is crucial to ensure
that the diagnosis of lung metastases is accurate to war-
rant such serious therapies.
Amongst the initial investigations conducted to iden-

tify suspected lung metastases is computed tomography
(CT) scanning, which is also used as the modality of
choice to monitor the response of lesions to chemother-
apy and radiotherapy. However, whilst CT is highly sen-
sitive in detecting lung lesions, it lacks specificity [5, 6].
In children with solid organ malignancies, not all lesions
detected on cross-sectional imaging may be metastases;
some may represent benign pathologies. Benign patholo-
gies represent 30-70% of lesions biopsied in these chil-
dren, with a spectrum of pathologies including infective
aetiologies, non-specific inflammation, granulomas and
fibrosis [5, 6]. Notably, in developing country settings, it
was speculated that such lesions would have an even
broader differential diagnosis, including multiple infect-
ive aetiologies. Accurate diagnosis then becomes import-
ant not only to avoid unnecessary additional
chemotherapy and radiotherapy but also to provide the
appropriate treatment if infection is diagnosed.
In view of this, there has been a trend towards con-

firming diagnoses of lung lesions detected on cross sec-
tional imaging in children with solid organ malignancies.
Use of thoracoscopy has emerged as a minimally inva-
sive, low risk and precise means of providing an accurate
diagnosis [7–12]. In addition to providing a diagnosis,
thoracoscopic removal of lung lesion may have thera-
peutic advantages in the cases where single or few me-
tastases can be removed completely [13, 14].
Nevertheless, despite its usefulness, thoracoscopic lung
biopsy and resection of metastases in children with solid
organ malignancies has not yet been broadly applied in
paediatric surgical oncology globally, particularly in
developing country settings.
Although centres in developed countries have explored

the utility of thoracoscopic lung biopsies in children
with suspected lung metastases, these cannot be extrap-
olated to developing regions where the differential diag-
noses may be broader. Although the role of
thoracoscopic lung biopsy has been investigated in a de-
veloping country setting, this did not include evaluation
of children with suspected pulmonary metastases [15].
Thus, there is a lack of evidence on this topic from de-
veloping countries, including South Africa. The
spectrum of causes for lesions in the lung of children
with suspected metastases remains untested in South Af-
rica and required exploration. Therefore, the aim of this
retrospective study was to determine (1) the utility of
thoracoscopy and biopsy in diagnosing patients with sus-
pected lung metastases but atypical imaging; (2) the

aetiology of biopsied lesions and (3) the value of lung bi-
opsy in a treatment algorithm. In addition, we aim to de-
scribe our method of thoracoscopic lung biopsy.

Method
Study design, sample selection and data extraction
A retrospective electronic chart review of patients who
fulfilled the inclusion criteria was undertaken at Inkosi
Albert Luthuli Central Hospital (IALCH), Durban, South
Africa. This tertiary hospital is the main provider of spe-
cialised paediatric oncology services for the province’s
11 million population.
Records were retrieved for all patients with solid organ

malignancies who underwent thoracoscopic lung biop-
sies for suspected metastases between January 2012 and
December 2017. Participants in this study included both
new patients who presented with metastases and known
patients with pulmonary relapse.
Data were extracted from the electronic records by a

clinician and included the following: age, primary diag-
nosis, timing of biopsy, result of biopsy and outcome.
Data were then inserted into an Excel spreadsheet, ver-
sion 15.27 (Microsoft, USA), for analysis.

Patient selection process for thoracoscopy
At IALCH, all children with solid organ malignancies
undergo CT of the chest at diagnosis, at intervals during
their treatment and on completion of treatment. They
are subsequently followed up with plain chest radio-
graphs. High resolution 1 mm thickness slice CT im-
aging is used to diagnose lung lesions and direct
management. The latter includes selecting patients for
thoracoscopic lung biopsy and planning surgery. A pre-
requisite for lesions on CT imaging to be selected for
thoracoscopic lung biopsies was that they had to be per-
ipheral, accessible thoracoscopically and were either
atypical lesions or lesions that persisted after initial
chemotherapy. With regard to management, lesions de-
tected on CT imaging, but not plain X-ray, were classi-
fied as stage 4 disease. These patients were treated with
3 drug chemotherapy (addition of doxorubicin) and lung
irradiation, based on National Wilms Tumour Studies
(NWTS) −4 and −5 data which showed improved event
free survival for these children [16].

Thoracoscopic procedure
Surgical method used for thoracoscopy was standard in
all patients. The patient had a general anaesthetic and
was placed in the lateral decubitus position with a roll
underneath the chest. Bilateral lung ventilation was used.
Open insertion of a 5 mm port for the telescope was
done in the mid-axillary line (with the usual position be-
ing just below the scapula), two further 3 mm ports were
inserted so as to triangulate the lesion. The ipsilateral
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thorax was inflated with carbon dioxide (CO2). Pressures
of up to 5 mmHg and flow of 2 l/min was used. Biopsies
were taken using ligating loops. Extension of port sites
to mini thoracotomies was used for larger lesions, with
use of a linear stapler to excise the lesions. Neither
tracers nor routine post-operative intercostal drain in-
sertion were used.
This standard technique for thoracoscopy was used in

all patients. Two patients required extensions of their
port incisions and extra-corporial excision of their le-
sions using linear stapler.
Specimens were sent in formalin for histopathological

analysis.

Results
Amongst 25 patients on whom thoracoscopies were per-
formed, 22 had a primary diagnosis of nephroblastoma
(88%); a single patient each had a hepatoblastoma, ovar-
ian tumour and adrenal carcinoma (Fig. 1). Thirteen pa-
tients (52%) had suspected lung metastases at diagnosis
whilst 12 (48%) developed suspicious lung lesions either
during the course of their treatment or after completion.
The mean age of these patients was 4.6 years (range 1 to
9 years), of whom 12 were female and 13 male.
A total of 29 thoracoscopic biopsies were taken from

25 patients. Three patients had 2 metachronous biopsies;
1 patient had 3 synchronous biopsies. On histology, vi-
able metastatic tumours were identified in seven patients
(28.0%) and eight biopsies (27.6%), with a completely
necrotic tumour found in a single patient (Fig. 2). An-
other seven patients (28.0%) were diagnosed with infect-
ive aetiologies which required alternative therapies: three
patients were found to have tuberculosis; three had
bronchopneumonia and one had a fungal lung infection.
Other findings included haemorrhagic infarction (1

biopsy), non-specific fibrosis (1 biopsy) and reactive
lymph node (1 biopsy). In nine patients (36.0%), no le-
sion was found on thoracoscopy, with a total of 10 thor-
acoscopic biopsies showing no lesions (34.5%); one
patient had two metachronous thoracoscopy procedures
that showed no lesions.
Of the 8 biopsies where metastatic tumour was found,

two had reported tumour free margins (25%); three had
positive margins and in another three the margins were
not reported on.
Amongst the patients with the most common primary

diagnosis, i.e., nephroblastoma (n = 22), a diagnosis of
lung metastases was confirmed in six patients on hist-
ology (27.3%). The other patients had no lesion (n = 8),
pneumonia (n = 2), tuberculosis (n = 3) (Fig. 3), reactive
lymph node (n = 1), non-specific fibrosis (n = 1) and
haemorrhagic infarction (n = 1).
Four patients developed post-operative pneumothorax.

One patient developed an expanding pneumothorax
which was successfully managed with an intercostal
drain insertion and subsequently resolved. In the other
three patients, the pneumothorax resolved spontan-
eously. No further complications occurred.

Discussion
In this study, of the 25 patients with solid organ malig-
nancies, seven (28%) had a diagnosis of pulmonary me-
tastases confirmed on thoracoscopy. The other 18
patients with suspected lung metastases on CT imaging
either had non-malignant pathologies or no lesions were
detected. Thoracoscopy and the subsequent histopatho-
logical analyses of biopsied specimens enabled the diag-
noses and curative treatment of infective aetiologies in
seven patients (28%).

Fig. 1 Primary tumour of study patients who underwent thoracoscopic lung biopsies
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Notably, the majority of patients (72%) were spared
from undergoing intensified chemotherapy and radiation
and the potential harmful effects of these treatments.
This highlights that the introduction of thoracoscopic
lung biopsy to confirm diagnosis has improved the man-
agement of these challenging patients.
Historically, patients with solid organ malignancies

and suspected pulmonary metastases have posed both a
diagnostic and therapeutic challenge. The interpretation
of lung lesions identified on CT scan is difficult because
of the wide range of possible differential diagnoses in-
cluding infective and other benign aetiologies. The need
for additional chemotherapy and radiotherapy with their
associated complications poses a further challenge.

The majority of patients in our case series who were
eligible for thoracoscopy had nephroblastoma, which is
the 4th most common childhood malignancy in South
Africa and accounts for 12% of paediatric malignancies
in the South African Children’s Tumour Registry [17].
As mentioned, previous studies from our centre show
that 15-30% of children with nephroblastoma have lung
metastases at diagnosis [1, 2]. In this study, just over a
quarter (27.3%) of patients with nephroblastoma who
underwent thoracoscopic lung biopsies were found to
have a metastatic lesion. This highlights that thoraco-
scopic lung biopsy is particularly useful in these patients
in our setting. Almost three-quarter of patients with
nephroblastoma and suspected lung metastases were

Fig. 2 Histopathologic diagnoses of lesions found on lung biopsy

Fig. 3 Lesion initially suspected to metastasis in child with nephroblastoma, diagnosed with tuberculosis on biopsy
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able to avoid unnecessary chemotherapy and radiation
because of accurate diagnoses following thoracoscopy.
Alternatives to this approach, i.e., CT imaging followed

by thoracoscopy include positron emission tomography–
computed tomography (PET-CT) in order to determine
if a lung lesion is benign or malignant [10]. Despite be-
ing less invasive, this modality may be less sensitive than
biopsy, especially in the case of small lesions. Moreover,
it will fail to accurately diagnose the specific nature of
benign pathology which may be easily treatable. Consid-
ering the high proportion of treatable benign pathology
diagnosed thoracoscopically in our setting, the surgical
approach may be more prudent locally.
The use of thoracoscopic lung biopsy may also have

therapeutic advantages in the presence of metastatic le-
sions. However, of the eight patients where metastatic
tumour was found, only two were shown to have nega-
tive margins. Therefore, to date, thoracoscopy remains
predominantly a diagnostic tool in our practice. Similar
to other centres [10], we avoid surgery for therapeutic
purposes in children with progressive pulmonary disease
who are on treatment because of poor prognostic out-
comes. Biopsies in such cases are usually only under-
taken when the diagnosis is in doubt.
Nevertheless, if surgery is undertaken as part of therapy

for lung metastases, it is important to achieve complete
removal with free margins [13, 14, 18]. In these instances,
metastatectomy is done in patients where imaging is
highly suggestive of metastases and the patient has shown
an inadequate response to chemotherapy [10]. Thoraco-
scopy has been shown to be a reliable method of achieving
this goal when metastases are small and few in number [6,
9–12]. Additionally, minimally invasive surgery can poten-
tially be performed as a synchronous bilateral procedure
for bilateral metastases where the procedure would nor-
mally be staged if an open approach was used [12].
Much of the appeal of thoracoscopic biopsy of lung

metastases is to avoid lung radiotherapy which has sig-
nificant long-term adverse consequences. These include
5-12% of pulmonary disease within 15 years of treatment
and 15% risk of breast cancer by age 40 in female survi-
vors [4]. The International Society of Paediatric Oncol-
ogy (SIOP) and Children’s Oncology Group (COG)
guidelines both currently allow for the use of metasta-
tectomy [19, 20]. The SIOP protocol 93-01 involves the
omission of radiotherapy if metastases are cleared with
chemotherapy alone or chemotherapy and surgery.
Using this approach, it has been shown that the majority
of patients with lung metastases at diagnosis can avoid
radiotherapy with an overall survival of 88% for patients
who had clearance of lung metastases with chemother-
apy alone and 92% for patients who had clearance of
metastases with chemotherapy plus surgery [21]. This
practice, however, remains controversial.

Thoracoscopic surgery for suspected lung metastases
is a developing entity and its place in treatment proto-
cols has not been clearly established. Most authors agree
on the following indications: uncertain diagnosis, persist-
ence after initial chemotherapy and pulmonary relapse
[10]. Our practice has followed this trend.
A limitation of our work is we are currently restricted

to biopsies of lesions visible on the surface of the lung
or superficially situated within the lung parenchyma.
Thus, we are not able to biopsy suspicious lesions that
are deep. Fortunately, the majority of metastatic lesions
occur in the periphery of the lung and are thus more ac-
cessible for biopsy. Technologies that may assist in le-
sion detection include image-guided labelling with coils
or dye; radionucleotide labelling and intra-operative
ultrasound [10, 12, 22–24]. The future may involve us
incorporating these into our practice thus enabling sam-
pling of a greater number of suspicious lung lesions.
Of additional concern was the number of patients with

lesions on CT scanning that were not seen at thoraco-
scopy; this comprised over a third of patients who
underwent thoracoscopy (36%, n = 9). This is a problem
that has been recognised in the literature [10, 12]. It is
possible that lesions are missed on thoracoscopy due to
lack of tactile ability or due to lesions lying deeper in the
lung parenchyma and therefore not visualised. Tech-
niques mentioned above may be used to improve detec-
tion of these lesions; however, these are not currently
used in our practice.

Conclusions
Thoracoscopic lung biopsy improves the management of
children with solid organ malignancies and suspected
lung metastases or atypical features on cross sectional
imaging. For future research, we would like to introduce
pre-operative, image-guided labelling of lesions and
intra-operative ultrasound and assess whether this im-
proves the diagnostic yield from thoracoscopic biopsy.
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