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Aim: Video-assisted thoracoscopic surgery (VATS) has been widely used in the last
decades. Nevertheless, the pros and cons of thoracoscopy vs. open surgery in pediatric
oncology are still under debate. In literature, VATS has been applied for both diagnostic
and ablative surgery to treat neurogenic tumors, thymic neoplasms, lung tumors and
metastases, germ cell tumors, lymphoproliferative diseases, and other rare tumors.
Recent reviews described excellent outcomes in pediatric oncology as well as in
the treatment of adult lung cancer, with a significantly higher rate of mortality and
complication in thoracotomy compared to VATS. We reviewed our experience on
thoracoscopy in pediatric malignancy and compared it to the literature.

Materials and Methods: This was a retrospective cohort-study of pediatric oncological
patients who underwent VATS at our institution from 2007 to 2020, and a review of the
recent literature on the topic.

Results: A total of 43 procedures were performed on 38 oncological patients (18
males, 20 females). Median age was years 7.72 (0.35-18.6). Diagnosis: 10 neurogenic
tumors, nine hematological diseases, five metastases, four lypoblastomas, three thymic
pathologies, three germ cell tumors, two pleuropneumoblastomas, two myofibroblastic
tumors, one myoepithelial carcinoma, one liposarcoma, and three suspected oncological
mass. In three cases, a 3D model was elaborated to better plan the surgical
approach. Diagnostic biopsies were 22 (51.1%), and ablative surgeries, 21 (48.9%).
One neurogenic tumor was resected with the Da Vinci Robot. Median operative time
was 120 min (30-420). A drain was left in place in 20 (46.5%) for a median of 4 days.
Median length of hospitalization was 5 days (1-18). One case (2.3%) was converted
(intraocperative bleeding). There were three post-operative complications (7.0%): one
pneumonia, one pleural effusion, and one diaphragmatic paralysis (need for plication).
Results were compared to recent literature, and morbidity and conversion rate were
comparable to reviewed publications.

Conclusion: VATS represents a valuable tool for diagnostic and therapeutic procedures
in pediatric oncology. Nonetheless, it is a challenging technique that should be performed
by expert surgeons on oncological and mini-invasive surgery. Three-dimensional
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reconstruction can optimize the pre-operative planning and guarantee a safer and more
targeted treatment. Finally, the advent of robotics-assisted surgery represents a new
challenge that may further implement the advantages of VATS.

Keywords: thoracoscopy, pediatrics, oncology, mini-invasive surgery, robotic-assisted thoracoscopic surgery

INTRODUCTION

Minimally invasive surgery (MIS), including thoracoscopy, has
been widely applied in the last few decades and has now become
the gold standard approach for a variety of procedures for both
adults and children (1-3).

The advantages of MIS compared to the open approach are
well-known, as it reduces tissue trauma, decreases post-operative
pain, shortens hospital stay, and guarantees better cosmetic and
long-term functional results (4, 5). Moreover, among of the most
important benefits of thoracoscopy are the virtually non-existing
musculoskeletal complications such as chest wall deformities, rib
fusion, shoulder girdle weakness, and scoliosis, which can occur
in up of 30% of pediatric patients undergoing thoracotomy (6, 7).

Nevertheless, video-assisted thoracoscopic surgery (VATS)
still represents a challenge due to the limitation of working space,
the smaller body size of children, reduced tactile feedback, and
the lack of three-dimensional vision.

As far as it concerns pediatric oncology, in the last decades,
many reports and experiences have been published on the use
of thoracoscopy to diagnose and resect intrathoracic neoplasms.
Nonetheless, the role of VATS is still considered a developing field
and no consensus exists regarding the details of its application.
Specific limitations are an even lower exposure in pediatric
oncological cases compared to general thoracoscopic pathologies
and the inability to perform digital palpation.

In the last years, robotics has been applied to perform
a wide variety of procedures, including thoracic surgery (8).
Nonetheless, very few reports describe the use of robotics
in pediatric oncological thoracic surgery and its use is not
yet validated.

The aim of this study is to review our experience in VATS
and robotics-assisted thoracoscopy in pediatric malignancy and
to compare it to the most recent literature.

MATERIALS AND METHODS

We performed a retrospective review of all pediatric oncological
patients who underwent video-assisted thoracoscopic surgery
(VATS) and robotics-assisted thoracoscopic surgery (RATS) at
our Institution from 2007 to 2020.

Patients over 20 years old and/or with thoracic pathologies
treated with thoracotomy or endoscopic procedures
were excluded.

We analyzed demographic data, including age at surgery,
sex, pathology, and possible comorbidities; operation time (OT);
length of hospital stays (LHS); perioperative complications;
and post-operative outcomes. All complications were classified

according to the Clavien-Dindo classification and graded from I
to V. If present, length of chest drain aspiration was evaluated.

A specific search was performed in scientific database
(PUBMED, MEDLINE, and EMBASE) to compare our
experience with the most recent literature on the field. We
selected articles reporting thoracoscopy in oncological pediatric
patients between 2014 and March 2021 using the following
key-words: (pediatric) or (children) and (thoracoscopy) or
(VATS) and (oncology) or (tumor).

Inclusion criteria were:

Articles published between January 2014 and March 2021
Articles written in English

Articles focusing on VATS in pediatric oncology
Median/mean age <18 years old

Case series with more than 10 patients

Articles where data concerning demographics, surgical
indications, complication rate, and conversion rate were
clearly deductible

All data were elaborated using the statistical software “R”,
version 3.4.1.

Descriptive statistics was used to present findings, and
quantitative variables were expressed as median (range) to
express our data. Data elaborated from the literature review were
expressed as median (range) or mean =+ standard deviations
depending on the reference found in the original articles.

Surgical Methods

Under general anesthesia, lung collapse has been achieved by
single-lung ventilation. We routinely used a double lumen
endotracheal tube in adolescent patients, mainly for ablative
procedures. In small children (more than 6 months of age), we
adopted a standard endotracheal intubation associated to the use
of an endobronchial blocker. Low-pressure CO, insuftlation (4-5
mmHg; flow 0.5 L/min) was employed in infants <6 months or
when a quick biopsy of anterior mediastinal tumors was required.
NIRS and BIS brain-monitoring were applied according to the
age of the patients.

Patients were placed in lateral decubitus, with an angle ranging
from 60 and 90° to 120°, depending on the mass localization.

A 10-mm one-trocar operative optic was employed for biopsy
in three cases (one germ cell tumor, one pleuropneumoblastoma,
and one myofibroblastic inflammatory tumor).

A three-trocar technique was adopted in most of the
remaining cases, positioned according to the characteristics of
the lesion. The optic (5 or 10 mm) was placed in the typical
mid-axillary position under the shoulder angle, whereas the
operative trocars were placed in a triangulation fashion anteriorly
or posteriorly depending on the site of the mass.
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In small children, a 3-mm operative trocar technique with
5-mm optic was carried out to perform biopsies, whereas in
ablative surgery, one 5-mm operative trocar was reserved for
Ligasure® or other vessel sealers. In recent cases, a 3-mm vessel
sealer has been used, allowing a 3-mm operative VATS also for
ablative procedures.

Pulmonary resection was safely performed with staplers (5 or
12 mm), which required an additional trocar. Specimens were
retrieved using a 5 mm Endobag.

Regarding the use of chest drain, we tried to avoid drainage
placement in diagnostic biopsies, except in case of complications
such as intraoperative bleeding. A drain was normally applied at
the end of any ablative surgery.

When possible, an early extubation of the patients was made a
few hours after the VATS procedure.

About RATS, we performed one procedure using the Da-
Vinci SI® Robot for a mass located on the supero-posterior
mediastinum. Optic trocar was positioned in the sixth intercostal
space on the midaxillary line. Operative trocars were positioned
8 cm away from the optic, in the fifth intercostal space on the
anterior axillary line, and in the seventh intercostal space on
the paravertebral line, respectively. Finally, a 5-mm auxiliary
trocar was placed in the fourth intercostal space on the anterior
axillary line.

RESULTS

A total of 43 procedures were performed on 38 oncological
patients (18 males, 20 females). Median age was 7.72 (0.35-18.6).
Patients were grouped according to diagnosis, and we observed
high prevalence of neurogenic tumors and hematologic diseases,
as shown in Table 1.

We performed diagnostic biopsies in 22 cases (51.1%),
compared to 21 cases of ablative surgeries (48.9%); 42 out of 43
procedures were completed by VATS technique (97.7%); only one
patient required an open conversion (2.3%).

The procedures were carried out by single-lung ventilation
using a double-lumen endotracheal tube in 14 adolescent
patients, and standard endotracheal intubation associated to the
use of an endobronchial blocker was adopted in 16 cases. In the
remaining 13 cases, lung collapse was obtained with low-pressure
CO;, insufflation.

One patient with growing ganglioneuroblastoma intermixed
of the supero-posterior mediastinum in a 7-years-old girl with
Horner’s syndrome and positive image-defined risk factor (IDRF)
(symptomatic encased subclavian vessels) was operated with
the Da-Vinci SI® Robot-assisted thoracoscopic surgery. The
robotic approach was chosen to achieve a safer and more
precise dissection.

In the whole series, median OT was 120 min (30-420): 90 for
diagnostic biopsies, 190 for ablative surgery.

Overall, a thoracic drain was left in place in 20 cases, for a
median length of 4 days.

Only three diagnostic procedures required chest drainage due
to intraoperative bleeding (one germ cell tumor), pneumothorax
(one pleuropneumoblastoma), and pleural effusion (one

myofibroblastic inflammatory tumor). As for ablative surgeries,
a chest tube was positioned in 17 out of 21 procedures.

Median LHS was 5 days (1-18).

In two cases, we observed intraoperative bleeding (4.7%): one
biopsy of a germ cell tumor managed thoracoscopically and one
lung resection for nephroblastoma metastasis which required
conversion to open surgery. The conversion rate to open surgery
was 2.3% in the whole series.

In our series, we observed three post-operative complications
(7.0%): one pneumonia (Clavien Dindo: grade II) 2 weeks after
biopsy for a germ cell tumor; one pleural effusion a week
after resection of a posterior mediastinal ganglioneuroma, which
required a re-insertion of a thoracic drain for a further 7 days
(IIIb); and one persistent right diaphragmatic paralysis after
the excision of a giant cystic lymphangioma, treated with a
laparoscopic diaphragmatic plication (IVa) 1 year later, which
required intensive care assistance.

No tumor upstaging or trocar site recurrences occurred.

An advanced 3D virtual reconstruction and printing
technology was recently applied in three complex -cases
(multiple immature teratoma metastases, multiple cystic lesions
after pleuro-pneumoblastoma excision, vessel encasement in
IDRF-positive ganglioneuroblastoma intermixed).

A review of the most recent literature on the topic was
performed. From a total of 229 articles, seven were included in
the review according to the inclusion criteria (Table 2) (9-15).

All papers were retrospective reviews and analyzed VATS to
perform either tumor biopsy, ablative surgery, or both. A total of
423 children were included in the review, with a median age of 8.8
years. Among pulmonary lesions, metastases resulted as the most
common indication for surgery. On the other hand, in case of a
mediastinal lesion, neurogenic tumor was the most represented
group. Conversion rate ranged from 0 to 15.1%, most commonly
due to intraoperative bleeding or difficult dissection of the mass
due to strong adhesions. Complications occurred in 2.1-20%
of cases, pneumothorax being the most common post-operative
one. No articles reported port-site recurrences, intraoperative
tumor rupture, or tumor upstaging. Average LHS ranged from
2 to 10 days.

DISCUSSION

VATS in pediatric oncological surgery represents a great surgical
achievement but still faces many challenges. Alongside the
limitations of the technique, there are no guidelines on the
details of the use of VATS or its contraindications. However,
its application is expanding, and the experience reported in
literature is growing.

Our study presents a large cohort of oncological patients
undergoing VATS and proves the feasibility and effectiveness of
the use of MIS in pediatric oncology; 97.7% of cases in our series
were successfully treated by thoracoscopy.

As far as it concerns the use of VATS for diagnostic
procedures, MIS has been effectively used to perform mediastinal
mass biopsies as well as pulmonary masses (10, 13, 16-
18). Reported advantages of thoracoscopy are the possibility
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TABLE 1 | Summarized data of all oncological patients undergoing VATS (in chronological order).

ID*  Sex Year Age (y) Pre-op Diagnosis Localization Side Intervention Operative Peri-op Conversion Drain LHS Post-op Type of
Imaging Time (min) compli- (days) (days) complications complication
cations (Clavien Dindo
Classification)
JM M 2007 14.00 TC Germ cell tumor Complete invasion of all R Biopsy (1 trocar) 30 No No No 2 No
hemithorax
VG M 2007 14.00 TC T-cell lymphoma Anterior mediastinum L Biopsy 60 No No No No
BL F 2008 3.00 TC Germ cell tumor Complete invasion of all L Biopsy 90 Yes No Yes (4) No
hemithorax (bleeding)
GD M 2009 1.00 TC Pleuropulmonary Superior and medium R Biopsy (1 trocar) 60 No No Yes (3) 4 No
blastoma lobe
AL F 2010 8.07 TC Suspicion of renal Inferior lobe L Biopsy 105 No No No 14 No
carcinoma metastasis (not
confirmed at histology)
BA M 2010 3.94 TC Nephroblastoma Inferior lobe L Mass excision 155 No No No 2 No
metastasis (atypical
pulmonary
excision)
ML (1) M 2010 18.16 TC Casteman’s disease Anterior mediastinum Biopsy 75 No No No 1 No
PC F 2010 4.79 TC Ganglioneuroma Costophrenic recess L Mass excision 180 No No No 3 No
metastasis
ML (2) M 2011 18,65 TC Casteman’s disease Anterior mediastinum Mass excision 330 No No No No
CA F 2012 0.50 TC MRl Neuroblastoma Superior mediastinum L Biopsy 90 No No No No
() F 2010 14.11 TC Diffuse large B-cell Antero-Superior Biopsy 80 No No No = No
lymphoma mediastinum
HL M 2012 16.53 TC Neuroblastoma Posterior mediastinum R Biopsy 60 No No No 3 No
DM M 2012 11.04 TC Precursor T-cell Retrosternal region R Biopsy 150 No No No —* No
lymphoblastic lymphoma
PG M 2012 0.35 TC Cystic lymphangioma Superior mediastinum R Mass excision 165 No No Yes (4) 2 Yes Diaphragmatic
paralysis, need
for laparoscopic
diaphragmatic
plication (IVa) 1
year later
BL M 2014 6.00 TC Classical Hodgkin’s Anterior mediastinum R Biopsy 70 No No No 3 No
lymphoma
(Continued)
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TABLE 1 | Continued

ID* Sex Year Age (y) Pre-op Diagnosis Localization Side Intervention Operative Peri-op Conversion Drain LHS Post-op Type of
Imaging Time (min) compli- (days) (days) complications complication
cations (Clavien Dindo
Classification)
BR F 2014 10.00 MRI Ganglioneuroblastoma  Posterior mediastinum L Mass excision 120 No No Yes (3) 5 No
SR F 2019 1.25 MRI Lipoblastoma (recidive)  Lateral chest wall, Mass excision 240 No No Yes (7) * No
medullar invasion
FE(1) F 2014 1.19 TC Neuroblastoma Antero-Superior R Biopsy 180 No No No 5 No
mediastinum
FE@2) F 2014 1.84 TC MRI Neuroblastoma Antero-superior R Biopsy 90 No No No 2 No
mediastinum
GD M 2014 13.61 TC Osteosarcoma Inferior lobe L Mass excision 90 No No No 2 No
metastasis
PI F 2014 10.00 TC MRl Ganglioneuroblastoma  Posterior mediastinum L Mass excision 120 No No Yes (3) 18 Yes Pleural effusion
after drain
removal, need
for thoracic
drain
re-insertion for
7 days (lllb)
RG F 2014 11.96 TC MRl Myofibroblastic Pulmonary hilum R Biopsy 250 No No Yes (4) 7 No
inflammatory tumor
VA M 2014 16.13 TC Germ cell tumor Costophrenic recess R Biopsy 115 No No No 11 Yes Post-op
pneumonia (Il)
AA(1) F 2015 7.67 TC Suspicion of neoplastic ~ Middle mediastinum R Biopsy 95 No No No 5 No
mass (not confirmed at
histology)
AA(2) F 2015 7.72 TC Suspicion of neoplastic ~ Middle mediastinum R Biopsy 105 No No No 2 No
mass (not confirmed at
histology)
AA (3) F 2015 8.18 TC Suspicion of neoplastic ~ Middle mediastinum R Biopsy + Culture110 No No No 3 No
mass (not confirmed at test
histology)
LAn M 2015 16.77 TC Classical Hodgkin’s Costophrenic recess L Biopsy 160 No No No 2 No
lymphoma
PB M 2015 5.44 TC Nephroblastoma Superior lobe R Mass excision 350 Yes Yes Yes (4) 7 No
metastasis (atypical (bleeding)
pulmonary
excision)
RA F 2015 10.00 MRI Thymic teratoma Anterior mediastinum L Mass excision 200 No No Yes (5) 7 No
(thymectomy)
ZS M 2015 7.00 MRI Thymic teratoma Anterior mediastinum R Mass excision 195 No No Yes (4) 6 No
(thymectomy)
™ F 2016 11.00 MRI Thymoma Anterior mediastinum R Mass excision 220 No No Yes (5) 7 No

(thymectomy)

(Continued)
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TABLE 1 | Continued

ID* Sex Year Age (y) Pre-op Diagnosis Localization Side Intervention Operative Peri-op Conversion Drain LHS Post-op Type of
Imaging Time (min) compli- (days) (days) complications complication
cations (Clavien Dindo
Classification)
TL F 2017 16.47 TC MRI  Pleomorphic liposarcoma Costophrenic recess R Biopsy 110 No No No 3 No
BB F 2018 7.00 TC MRl Neuroblastoma Posterior mediastinum L Mass excision 190 No No Yes (3) 5 No
BF M 2018 12.00 MRI Lipoblastoma Lateral chest wall R Mass excision 180 No No Yes (5) 7 No
EZ F 2018 6.00 TC MRl Myofibroblastic Superior and medium R Biopsy (1 trocar) 60 No No No 3 No
inflammatory tumor lobe, trachea and heart
invasion
LAr M 2018 2.00 TC MRl Neuroblastoma Posterior mediastinum L Mass excision 119 No No Yes (4) No
LM M 2018 7.00 TC MRI Cystic lesions after Superior, medium, and Masses excision 190 No No Yes (2) No
pleuropulmonary inferior lobe (3 different (atypical
blastoma excision lesions) pulmonary
excision)
LN F 2018 7.00 TC MRl Myoepithelial carcinoma  Superior and inferior L Biopsy (with 80 No No No 7 No
lobe, heart invasion associated
bronchoscopic
biopsy)
BG F 2019 5.00 MRI Lipoblastoma Posterior mediastinum L Mass excision 150 No No Yes (4) No
BM F 2020 13.28 TC MRI Lipoblastoma Superior mediastinum Mass excision 305 No No Yes (7) No
FE@3) F 2020 7.59 MRI Ganglioneuroblastoma  Anterior mediastinum R Robot-Assisted 290 No No Yes (6) No
intermixed mass excision
PD M 2020 14.80 TC Classical Hodgkin’s Anterior mediastinum R Mass excision 285 No No Yes (3) 5 No
lymphoma (thymectomy)
SL F 2020 7.00 TC MRl Immature teratoma Superior, mediumand R Mass excision 420 No No Yes (7) 8 No

metastases

inferior lobe (6 different
lesions)

(multiple lesions)

*If in the same patient, a different number of procedures is specified within brackets.
**LHS was not considered as they started further therapy during the same hospitalization.
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TABLE 2 | Review of the most recent literature.

References Year Study Number Indication* Median age (y) Types tumor* LHS (days) Conversion Complications** Port-Site  Intraoperative
metastases rupture
Lautz et al. (9) 2021 Retrospective 48 AS 13.9+4.5 Metastatic osteosarcoma 2 0% 2.1% SSI; 2.1%; DVT 0 0
or PE 6.3%
Abdelhafeezet 2019 Retrospective 179 B (81.6%) AS NA B: 113 Puimonary lesions, ~ NA 15.1% 7.8% (B: 10 PNX, AS: 0 0
al. (10) (18.5%) 30 Mediastinal tumors, 3 3 PNX, 2 bleeding, 1
Pleural lesions; AS: 21 SSI, 1 other)
Pulmonary metastases, 7
Neurogenic tumors, Other:
5
Daetal. (12) 2019 Retrospective 43 AS 3.7+29 13 Neurogenic tumors, 5 10.0 £ 5.5 0% 4.7% (not precisely 0 0
Cystic Teratoma, 4 specified)
Lymphangioma, Other: 21
McDaniel etal. 2018 Retrospective 35 AS 11.25 6 Osteosarcoma, 5 Ewing NA 0% 17.0% (6 PNX) 0 0
(15) (0.67-23.50) sarcoma, 5
Hepatoblastoma, 3
Rhabdomyosarcoma, 3
Synovial cell Sarcoma,
Other: 13
Acker etal. (13) 2015 Retrospective 77 B (72.3%) AS 10.7 £ 6.3 B: Lymphoma 21, 5.9 (+£8.1) 5.2% 11.0% (not precisely 0 0
(27.7%) Metastases 29, Other: 6 AS: specified)
Neuroblastoma 11,
Metastatic disease 9,
schwannoma 1
Satoetal. (11) 2016 Retrospective 21 AS 6.9+ 4.6 11 Neurogenic tumors, 6 8.0+3.7 0% 20% (1 brachial plexus 0 0
Germ Cell Tumors, Other: 4 palsy, 1 Horner’s
syndrome, 1
atelectasis, 1 palsy of
upper limb)
Irtan et al. (14) 2015 Retrospective 20 AS 3.3(0.3-11.6)  Neuroblastic tumors 5.2 (2-10) 15% 20.0% (3 Chlyothorax, 0 0
1 Horner’s syndrome)
Riccipetitoni 2021 R 43 B (561.1%) AS 7.72 10 Neurogenic tumors, 9 5(1-18) 2.3% 7.0% (see Table 1) 0 0
et al. (2021) (48.9%) (0.35-18.6). Hematological diseases, 5

Metastases, 4
Lypoblastomas, 3 thymic
pathologies, 3 germ-cell
tumors, Other: 9 (see
Table 1)

*B, biopsy; AS, ablative surgery.

**S8I, surgical site infection; DV'T, deep venous thrombosis; PE, pulmonary embolism; PNX, pneumothorax.
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of exploring the entire surface of the lung and pleura,
and performing multiple biopsies if required (e.g., germinal
tumors). Morbidity, mortality, and length of hospitalization
are lower when compared to open surgery (19). Success
rate of thoracoscopic-assisted biopsies have been reported in
literature ranging from 96.7 to 100% for both histological
and/or bacteriological diagnosis (12, 19-28). Nonetheless,
different techniques have been proposed to further enhance
the accuracy of MIS, such as intraoperative ultrasound
localization (both trans-pleural and endoscopic) (29), CT-guided
needle localization with methylene blue staining, or micro-coil
application (15, 30, 31).

Our experience confirms the feasibility of VATS for diagnostic
procedures. Among our cases, we performed three one-trocar site
procedures, without complications. Nevertheless, indication for
this technique in pediatrics is limited to procedures with low risk
of bleeding.

Thoracoscopic surgery has been largely applied to excise
mediastinal malignancies, and its use has been extended in
pediatrics as well. Although in our cohort we did not record
conversion to open surgery, in the most recent literature,
conversion rate has been reported in up to 15% of cases (10-14)
(Figure 1).

When performing mediastinal mass excisions (n = 14), we
positioned a chest drain in 85.7% of patients. Nonetheless,
its use is not mandatory, and in literature, chest drainage
is not performed in up to 35% of procedures (29-31). A
recent review of 2021 by Yu-Wei Liu reported how eliminating
chest drain placement after mediastinal tumor resection can
decrease post-operative pain and hospital stay without increasing
complications or compromising patient safety (32).

In pediatrics, the most common mediastinal neoplasms are
neurogenic tumors (neuroblastoma, ganglioneuroblastoma,
and ganglioneuroma). Surgical approach has been evolving,
and their resection is now often performed thoracoscopically,
guaranteeing the well-known advantages of MIS (30). Different
studies have found similar oncological outcomes and comparable
rates of complication between the MIS and open approaches
(30, 31, 33). Nonetheless, at least one port-site dissemination
has been described (34). To date, VATS for neurogenic tumors
does not yet have specific guidelines, although there are no
contraindications. Nonetheless, literature still reports the
frequent use of open approach in case of a large mediastinal
tumor (35). In our series, seven patients with neurogenic
tumor underwent a total of 10 procedures (four biopsies
and six mass excisions). Among the excision group, five
patients were submitted to a thoracoscopic surgery and
one patient to a robotics-assisted procedure. All children
presented IDRF-negative tumors except the case treated
by RATS.

Pre-operative diagnostic workup and identification of IDRFs
obtained by computed tomography (CT) and/or magnetic
resonance are essential to precisely localize the lesion and identify
the extent of the disease. A recent systematic review conducted
by the APSA Cancer Committee confirmed how a pre-operative
objective assessment by IDRFs and size criteria are reccommended
to guide the approach, in order to follow oncologic principles of

surgical resection of neuroblastic tumors with the least possible
morbidity (36).

In recent years, 3D virtual reconstruction and printing
technologies have been increasingly applied to further implement
the possibility of a more precise surgical planning (37, 38).
These technologies enable surgeons to simulate beforehand the
surgical procedure, potentially reducing the risk of intraoperative
complications and allowing a conservative surgery when
indicated (39-41) (Figures 2 and 3). In our experience, these
techniques were chosen in complex cases with multiple lesions
and vessel encasement and allowed the formulation of a
personalized surgical strategy.

VATS is largely used to perform segmentectomies and
lobectomies for pulmonary lesions in oncological adult
patients. A recent meta-analysis reviewed 34 studies (183,426
patients), comparing open-approach, VATS, and robotics-
assisted surgery. Their results showed how MIS seemed safer
compared to open surgery, with reduced 30-day mortality,
pulmonary complications, and overall complications with
equivalent oncologic outcomes and 5-year overall survival (42).
Nevertheless, use of VATS in pediatric lung tumors is not yet
validated, and only small case-series can be found.

As far as it concerns metastatic disease, osteosarcoma
represents one of the most relevant causes of metastases in
children. Surgical management of osteosarcoma is still strongly
debated, knowing that the most important prognostic indicator
for this disease is the complete resection of all lesions (43).
One of the main disadvantages of VATS is the impossibility to
perform digital palpation to detect possible lesions not identified
at imaging. Compared to other neoplasia, the higher calcification
of osteosarcoma metastases allows for manual palpation at sizes
below the resolution of CT. Nonetheless, many centers have
started using thoracoscopy for osteosarcoma metastases due
to the acknowledged advantages of MIS compared to open
thoracotomy. A recent collaborative study on 202 patients
showed that, in patients with limited metastases, both mortality
and risk of pulmonary recurrence were similar when comparing
VATS and thoracotomy (44). The risk of possible port-site
metastases should not be neglected, as it has already been
reported in the case of an 18-year-old female who presented
with port site metastases within 4 months of pulmonary
metastasectomy for osteosarcoma (45).

In the last decades, robotics-assisted surgery (RAS) has been
increasingly employed in several complex procedures, and its
use is now standardized for many interventions. The known
advantages are the 3D vision, seven degrees of freedom, tremor
filtration, and precise camera control (46). In pediatrics, its usage
has more limitations due to the mismatch between the robotic
arms and trocar dimensions compared to small children, the
absence of haptic feedback, and the potential risk of tumor
rupture and spillage. No guidelines or recommendations have yet
been proposed from the main association of pediatric surgery in
this field (47). Despite this, RAS is starting to be implemented
in this field as well. In a recent review of 2020 (48), a total
of 13 thoracic oncological neoplasias were treated (thymoma,
neuroblastoma, inflammatory myofibroblastic tumor, bronchial
carcinoid tumor). No tumor recurrence or port-site metastases
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FIGURE 1 | Thymoma excision in an 11-year-old girl: (A) MRI pre-operative imaging. (B) Identification and preservation of the phrenic nerve. (C) Dissection of the
thymus from the pericardium.

FIGURE 2 | Cystic lesions after surgery and chemotherapy for a pleuropulmonary blastoma in a 7-year-old boy, who then underwent MIS excision of multiple masses.
(A,B) Reconstruction and 3D model of the lesions. (C,D) Intraoperative thoracoscopic view. (E) Post-operative X-ray.

FIGURE 3 | Multiple metastases of immature teratoma in a 7-year-old girl. Left single metastasis was excised through an open procedure, due to dimension and site
of the mass. The remaining lesions (n = 6, one solid, five cystic ones) on the right lobe were excised through VATS. (A) CT image. (B) 3D virtual reconstruction. (C) 3D
printed model showing the two solid lesions (colored in gray). (D,E) Intraoperative view.

have been registered; two post-operative pneumothoraxes  observe any robot-related complications such as adjacent organ
occurred, and one conversion due to difficult dissection of a  injury, positioning-related injury, or injury due to robotic arms.
neuroblastoma was recorded (48). In our single case, we did not ~ Despite some promising results of RAS reported in literature, its
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use should be reserved to highly selected cases and, due to lack of
recommendations, surgical indication should be discussed by an
expert multidisciplinary team (48-50).

LIMITATIONS OF THE STUDY

We should recognize some limitations of the study, related to the
predictable low case-volume and heterogeneity of rare diseases
that we treated. The analysis of the recent literature faces the
same challenge. In addition, the comparison of MIS to open
surgery may be problematic in ascertainment with observational
studies due to potential unmeasured selection bias, difficulty of
retrospective patient-level comparison, and lack of randomized
trials (10, 51).

CONCLUSION

VATS has now become a standardized tool in pediatric surgery.
From our experience, it may be applied effectively in thoracic
pediatric oncology for both diagnostic and therapeutic purposes
with low complication and conversion rate.

It is a challenging procedure that requires a dedicated
multidisciplinary team with competencies in pediatric oncology,
radiology, anesthesiology, and mini-invasive thoracic surgery.

Pre-operative patient selection requires a strict adherence to
tumor protocols; IDRF evaluation; and assessment of biology,
stage, and dimension of the tumor. Recent technologies such
as 3D virtual reconstruction and 3D printing may optimize this
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