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Abstract: Video assisted thoracoscopic surgery (VATYS) is an emerging tool for approaching childhood
mediastinal tumors in a minimally invasive way. The magnified visibility and availability of smaller
instruments has allowed to explore even areas close to the great vessels and other vital structures. The safety
and feasibility of this technique has been described for a wide range of these tumors. In spite of that the
literature is deficient in use of this modality in paediatric mediastinal tumors. Although widely practiced in
adults, various controversies have been set forward in application of this technique in children. This article
aims to explore reasons for the underutilisation of VATS in these patients and tries to explain the areas of
controversy with this technique. Various ways of comparison have been attempted for a broad understanding
of the finer details (comparisons between open and VATS in children, VATS in children and adults, VATS in

mediastinal tumors and lung surgeries).
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Introduction

Video assisted thoracoscopic surgery (VATS) was
performed in children as early as 1970’s for obtaining
biopsy of mostly infectious lesions (1). Initially benign
conditions like cyst excision, sequestration resection, lung
biopsies and lobectomies were tried with VATS (2). With
the technological advances in visualization systems and
instrumentation, the range of VATS application has gained
momentum from biopsy to advanced thoracic surgeries
competing with open techniques. One of the major reasons
for acceptance of VATS in thoracic community was the
morbidities associated with thoracotomies. Around 10% to
15% of paediatric patients undergoing major thoracotomies
will have some form of muscle girdle weakness, chest wall
deformity or scoliosis (3). In contrast, most procedures
by VATS can be done using three or four 3-5 mm
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ports and a small working incision (if required), thereby
significantly decreasing chest wall related morbidities and
a better cosmetic outcome (4). Surgeons had explored
and established feasibility of VATS in all areas of thorax
including patent ductus arteriosus repair to complex
trachea-esophageal fistulas with results equivalent to open
surgery (5,6). However, the surgery for solid mediastinal
tumors are based on strict oncologic principles rather than
feasibility. So an experience of both oncologic surgery along
with VATS is necessary.

Guidelines for minimally invasive oncologic surgery in
children are not standardized and no randomised trial has
addressed these issues yet (7). This is reflected by the limited
application of VAT seen in malignant mediastinal tumors
in children. Even large institutions included only a small
volume of cases in their studies, mostly 10-30 patients (8).
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Contrary to this, VATS has been used extensively for
mediastinal tumors in adults including single port VATS
(9,10). The most common reason likely is its extreme rarity.
An analysis of the SEER database of New Mexico over a 22-
year period revealed that paediatric malignant mediastinal
tumors were seen in one out of every 5,012 malignancies
in the population (11). This was 20 times less common
than what was observed among adults. Secondly, most
mediastinal tumors (up to 50%) in children are malignant
unlike 10-15% in adults (12). Larger size of these malignant
mediastinal tumors with the smaller thoracic cage makes
retrieval difficult, anyway requiring a larger incision, thus
defeating the advantage of VATS. Lastly, there has been
a fear of achieving an incomplete tumor free margin with
VATS due to the larger tumor size. Hence there is an
ongoing debate on the acceptance of this minimally invasive
procedure in children.

This review aims to analyse these controversies for
application of VATS in mediastinal tumors in children and
would try to find out areas of improvement attempted by
various centres.

Outline of nomenclatures
VATS types

As VATS is mostly used for lung surgeries, the
nomenclatures were defined in the context of them. Two
types of VATS approaches were generally described and
validated (13,14). Complete VATS (C-VAT'S) which consist
of a utility incision along with the thoracoscopic ports. The
utility incision is a small thoracotomy incision via which
thoracoscopic instruments were introduced for retraction
only. Second type is the assisted VATS (A-VAT'S) where the
utility incision is extended as required to actually visualise
and dissect through it rather than solely relying on the
thoracoscopic ports.

Paediatric age definitions in literature

The upper age limit of inclusion or exclusion to VAT has
been quite variable from institution to institutions (15).
A wide range is observed in various articles of paediatric
mediastinal tumors starting from 14 years to the oldest case
even 19 years (16). This is an area of contention because
the adult chest wall anatomy is nearly reached by the end of
first few years of life (discussed below in detail).
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Growing child issues for the VATS patient
Does chest wall anatomy in children differ from adults?

Openshaw and colleagues identified two important
developmental changes in rib cage geometry as the infant
grows up (17). First is the horizontal lie of the ribs along
with higher position of sternal clavicular heads and
diaphragmatic domes. Second is the cross-sectional changes,
where the round infantile shape changes to oval adult shape
due to rib growth at costochondral junctions and posterior
rib angles. The left diaphragmatic dome descends from
8th thoracic vertebra (T8) level to T11. The right dome
remains half vertebral space higher than the left. They
concluded that much of this adult shape is attained by the
age of 2-3 years. This is important to consider as an oval
and expansile chest wall offers better visibility and work-
space for VATS. Also, the sternal angle is not prominent in
these first few years which is a commonly used landmark
by thoracic surgeons for identifying the correct intercostal
space (ICS). Other age-related changes in vertebral column
and sternum seem less likely to affect VATS.

Managing VATS with developmental defects in chest wall

anatomy?

VATS surgeons always anticipate the possibility for
conversion to open procedure when they plan for port
placement. This planning can be affected by abnormalities
in growth and development of the child and needs a
mention. Defects of rib cage frequently encountered in
thoracic surgery are supernumerary ribs in cervical or
lumbar areas, fused and bifid ribs (18). Defects with absence
or rudimentary ribs (for instance Poland syndrome) are
less common but do occur. With growth, these chest wall
defects become more pronounced but simultaneously more
stable to deal with. Sternal defects like pectus excavatum
may reduce the working space for surgery. A bifid sternum
on the other hand is rare and do not pose a problem for
VATS. Although there were no reports with mediastinal
tumors, lung surgeries in children had been successfully
performed along with chest wall deformities in the same
setting by VAT'S with minimal morbidities (19).

Is VATS safe in malignant mediastinal tumors?

With decreasing age, the safety concerns for a newer
procedure increase. A 10-year experience from Rothenberg
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Table 1 Post-operative complications after VATS childhood mediastinal tumor resection

Complication Description

Reason

Lymphorrhoea Chylothorax

Neurological (mostly
occurs with posterior
mediastinal masses)

Brachial plexus palsy (4.7 %)
Horner’s syndrome (11.8%)
Transient upper limb palsy (4.7 %)
Diaphragmatic palsy

Vocal cord paralysis
Pulmonary Empyema
Pneumothorax
Severe atelectasis (9%)

Postoperative tracheobronchomalacia

Extensive mediastinal dissection

Tumor reaching supraclavicular region

Superior part of sympathetic trunk divided for tumor removal
Inadequate perioperative position

Very large neuroblastomas compressing and infiltrating nerves
supplying them

Unknown
Unknown
Unknown

Very large tumor with chronic compression

and colleagues showed that these minimally invasive
procedures were safe, effective and associated with same
benefits in infants as older patients (20). Table 1 describes
the usual post-operative complications seen in various
studies (8,21,22).

Anaesthetic and perioperative concerns

Exposure is an essential part of minimally invasive thoracic
surgery and a good ipsilateral lung deflation is always
helpful. To achieve this, the anaesthetists require a thin
scope and small lumen endotracheal tubes. Bronchoscopes
need to be <90% of the inner diameter of the endotracheal
tube to negotiate through the tube (23). But in order to
continue to ventilate while still inside, the outer diameter of
the bronchoscope should occupy <50% of the cross-sectional
area of the inner diameter of the endotracheal tube. A
double lumen endotracheal tube provides the most optimal
lung isolation (24). However, if a single lumen tube (SLT) is
only available then a bronchial blocker can be used to isolate
the desired lung. In situations where thin bronchoscope is
not available, an ordinary cuffed SLT can be introduced into
the non-operated side and position can be checked clinically
or radiologically (25). A bronchial blocker can get dislodged
during patient positioning or any time during surgery
making things difficult for the surgeon. Disadvantages of
a SLT include an inability to adequately deflate or suction
the airway on the operating side. Other methods like use of
uninvent tube, two SL’Is and Fogarty embolectomy balloon
catheters have also been described (26).
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Do children tolerate positive pressure insufflation of thorax
like adults?

If for any reason lung deflation is inadequate for exposure
then positive pressure insufflation of the thoracic cavity is an
option. Positive insufflation (capnothorax) is associated with
various risks. Animal studies have shown that capnothorax
with pressures >5 mmHg causes decrease in cardiac index,
mean arterial pressure, left ventricular stroke volume
while an increase in pulmonary artery and central venous
pressures (27). With higher pressures (10-15 mmHg)
even myocardial infarction was also reported in these
animal models (28). Studies in adult human had shown that
although patients can have the aforementioned adverse
effects but clinical effects were insignificant when carbon
dioxide (CO,) insufflation pressures were kept below
10 mmHg (29). Because of lower tolerance than adults, a
low flow positive pressure CO, insufflation (1 L/min) at
low pressure (4—6 mmHg) is used in smaller children (30).
Besides these as children are not small adults, there are
other aspects of physiology associated with capnothorax (31).
CO, is a cool and dry gas which can cause hypothermia
in very small children. Increasing the flow of the gas to
compensate for usual trocar site leaks can also add to this
problem. This increases the intrathoracic pressure which
can result in sudden mediastinal shift and cardiovascular
collapse (32,33). Rarely, CO, gas embolism can occur (34).
An experienced team following safe anaesthetic practices
needs to understand these minimally invasive issues and
manage accordingly (35).
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Figure 1 A localised non-invasive thymoma ideal for resection by
VATS.

Can VATS compete technically with open surgery
for mediastinal tumors?—surgical aspects

Can a complete resection be achieved with equal success
rates like open surgeries?

Early studies with VATS thymectomies for myasthenia
gravis (MG) in children has established its ability to achieve
a complete resection and benefit similar to adult series
(36,37). DeCou et al. reported resection in 5 children with
neuroblastomas via thoracoscopy and achieved a complete
resection with good short term survival (38). However, they
had tumor spillage in a couple of cases. All tumors were
stage 1 and <6 cm size. So the feasibility of VATS in well
encapsulated tumors (Figure 1) is well established but those
with large tumors with higher stages remains a concern.

Is there a recommended size?

A larger size of tumor needs more manipulation and hence
the risk of tumor rupture and seeding of the pleural cavity.
While there were no recommendations to a specific size but
most studies done for adult VAT'S thymectomy consider 5 cm
as the maximum feasible diameter for safe resection (39). Due
to extensive variation of chest size in children, it is the ratio
of tumor to the ipsilateral thoracic cavity which seems a more
logical approach to decide rather than the absolute tumor size.

Concerns about margin positivity in malignant tumors
and gross subtotal resections?

The need for a margin negative resection has been one of
the key oncologic principles. Most of these issues came up
after the introduction of VATS thymectomies and use of

”» o«

heterogeneous terms in literature, “complete”, “extended”
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or “maximal” thymectomy (40). Opponents of a complete
resection argue that in early stage non-invasive (stages I
and II) thymoma without MG a subtotal thymectomy or a
thymectomy done through VATS can provide acceptable
results like thymectomy via an open approach (41,42). They
had also reported that none of their patients developed MG
after a follow up period of 57 months and there was no
significant difference in recurrence rates. Hence for early
non-MG thymomas, a subtotal thymectomy is considered
justified although long term studies are necessary in this
regard (43). Still many surgeons continue to perform
complete resection of thymoma expecting decreased risk of
MG and higher recurrence free and overall survival (44).
However MG can still develop after a complete resection (45).

Paediatric mediastinal neurogenic tumors of thorax are
uncommon and present sometimes uniquely with intraspinal
extension posing a challenge to VATS. Fraga and colleagues
reported that a gross clear resection can be achieved by
VAT'S and results comparable with thoracotomy (21). For
International Neuroblastoma Staging System (INSS) stage
I neuroblastomas, surgery alone is sufficient treatment
even in the presence of a positive margin or unfavourable
biologic prognostic factors (46).

What is the evidence for lymph node dissection today and is
it achievable by VATS?

Few studies have addressed the issue of lymph node
dissection and most were in adults. Based on a study of 37
patients of thymic carcinoma, Park et 4/. recommended
extensive lymph node dissection (minimum 10 nodes) to
predict prognosis accurately (47). The SEER database
analysis of 442 adult patients with thymoma resection
showed that the incidence of lymph node metastasis is
13.3% (48). The study concluded that sampling of at
least the anterior mediastinal nodes as per the IASLC/
ITMIC proposal and AJCC 8th edition changes should be
done in all cases as nodal metastasis has a high prognostic
value (49). But 55% of the patients in this study were
Masoka-Koga stages III and IV and only those cases were
included where at least one lymph node was dissected along
with the specimen. Contrary to this, Kondo ez al. reported
the incidence on lymph node metastases in more than 1,000
patients of thymoma as 1.8% with almost 25% patients in
stages III and IV (50). They reported a higher incidence
of lymph node metastases in thymic carcinoma (27%) and
thymic carcinoid (28%) among the 186 and 41 patients
respectively. Hence, there is a wide variation in incidence of
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Reasons for conversion

Description of the reasons for conversion

Inadequate deflation of lung (anaesthetic reasons)

Intubation related to difficulties (could not achieve lung isolation)

Not tolerating low tidal volume using SLT with DLV

Not tolerating carbon dioxide insufflation (in DLV)

Visibility issues detected intra-operatively

Small thoracic cage compared to tumor size

Intraoperative bleeding

Congenital deformities

Locally advanced tumors

Experience

Extensive contact/dense adhesions/involving great vessels

Early part of learning curve (prolonged duration of surgery)

SLT, single lumen tube; DLV, double-lung ventilation.

lymph node metastasis.

Thymoma is considered as a relatively indolent disease.
In a 20-year retrospective analysis by Okereke showed that
only 4.3% patients had died of thymoma while most died
of non-thymic causes thereby overestimating the need for a
lymph node dissection (51). The overall role of lymph node
dissection in thymoma is controversial with lymph node
dissection described only for prognostic importance without
any survival benefit. Considering all these evidences, a
dissection or sampling of anterior mediastinal lymph nodes
in thymic tumors (especially the higher stage thymomas,
thymic carcinoma and carcinoids) is required.

The adequacy of lymph node dissection by VATS
compared to open thoracotomy has been a matter of debate
with most data derived from observations among adult
patients. The ChART prospective multicentre analysis
by the Fang group reported that when compared to open
surgery, patients undergoing VAT'S had a higher number of
mean lymph nodes (5.31 vs. 4.46), lymph node stations (3.30
vs. 2.84) and N2 dissections (1.57 vs. 1.45) respectively (52).
The role of lymph node dissection in other paediatric
mediastinal tumors like neuroblastomas or germ cell tumors
is not clear.

Conversion rates from VATS to open—is it different firom
adults?

It is hard to find conversion rates specific to malignant
mediastinal tumor as most of the studies report the
experience of VATS in childhood thoracic tumors as
a whole where lung surgeries also get included. The
children’s cancer group reported a 9.5% conversion rate of
VATS procedures for tissue biopsy purposes (53). A 5-year
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retrospective review from 7 Italian SIVI centres operating
for 5 thoracoscopic mediastinal mass excisions and 14
mediastinal biopsies showed a 100% success rate without
any conversion to open (54). Considering specifically for
thoracoscopic mass excision, the German group could
complete VATS in 7 out of 11 attempted thoracoscopic
cases, having a conversion rate of 36.4% (55). Only one
among the 14 attempted biopsy procedures was converted.

Friedant er al. conducted a meta-analysis of adult
thymectomy patients comparing the feasibility of VATS
with open procedures (56). Although conversion rates were
not the primary aim of the study but they found that out of
1,355 cases posted for VATS, 32 were converted to open
procedures accounting for a conversion rate of 2.36%. All
of these indicate a higher conversion rate among children
although a good success rate could be achieved in the
successful cases. Some of the factors mentioned in literature
to make a wise decision for conversion to an open procedure
have been discussed in Tuble 2.

Risk of port site recurrences?

Tumor recurrences at port site after VATS paediatric
mediastinal tumor resection is a rare phenomenon (57).
All reported recurrences occurred after minimally invasive
thoracoscopic resection were for pulmonary metastases or
carcinoma and mostly in adults with incidences of around
0.26% (58-61). In paediatric VATS, the only case reported
was a 18-year-old female who presented with port site
metastases within 4 months of pulmonary metastasectomy
for osteosarcoma (62). Still, the recommended practice is
to retrieve the surgical specimen using a plastic bag (63).
Nonetheless, a case report for port site recurrence due to
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Table 3 Anaesthetic and perioperative pain control methods in paediatric VATS

Mode used for analgesia Action Comments
Oral NSAIDS Short term pain relief

Gabapentin Should be continued in perioperative period
Rectal suppositories NSAIDS Useful for Infants

Intravenous Opiods via PCA pump

Epidural analgesia As suitable
Intercostal nerve block 0.25% bupivacaine

Intrapleural instillation

Useful for older children
Useful for older children

Can be done intraoperatively by surgeon

PCA, patient controlled analgesia; NSAIDS, nonsteroidal anti-inflammatory drugs.

benign tumor has also been reported (64).

Advantages of VATS
Perioperative pain control

Centres performing VATS thymectomies report this
procedure as less traumatic, decreased postoperative
morbidities (especially pulmonary complications and pain),
lower intraoperative blood loss, shorter ICU and hospital
stay with no significant differences in operating time (65,66).
Patients with MG have an increased risk of respiratory
muscle weakness which can further add to decreased
postoperative respiratory efforts and thereby increasing
chances of pulmonary complications. Hence minimally
invasive procedure can have an edge over open surgery in
this regard. Further, it is the spreading of ribs which is the
main cause of wound discomfort rather than muscle cutting
incision as previously thought (67). Table 3 provides a brief
description of the various anaesthetic and perioperative pain
control methods used in paediatric VATS (68-70).

Is there a survival benefit?

Retrospective studies involving VATS thymectomy in adults
have argued the possibility of a 5-year overall survival benefit
without any difference in recurrence free survival (66).
They included stage I or II thymomas where recurrences
and survival need long term follow up. Such a benefit has
not been described in paediatric literature. Decreased
operating time, faster recovery and cost was observed
for benign paediatric thoracoscopic procedures (71,72).
Survival assessments need long term studies with larger
number of patients which is only possible in adults where
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we have sizeable data. Hence most conclusions were derived
from studies done in adult patients. A systematic review of
2,068 adult patients of thymectomy showed no difference
in thymoma recurrence, MG complete remission and
S-year survival between VATS and open procedures (73).
Fraga et al. observed no recurrence in mediastinal
neurogenic tumors in children at a median follow-up of 16
months (22). Although a long-term benefit has not been
reported, the avoidance of thoracotomy complications and
better visualisation were described as the main advantages
of paediatric VATS.

Early start of adjuvant treatment?

Due to a rapid post-operative recovery there is decrease
in hospital stay which helps in starting adjuvant treatment
without delay (74). Although it seems reasonable to believe
that this can be a reason for survival benefit observed by
some with VATS but the authors did not comment on any
such an association in their study.

Patient selection, technical issues and tips

There is no absolute contraindication to VATS in paediatric
mediastinal tumors. However a proper patient selection is
the key (1able 4) (75,76). Besides complete excision, VATS
can be used as a diagnostic tool for biopsy of mediastinal
tumors or lymph nodes in patients where an image guided
tissue diagnosis is inadequate and radiological features
suspect haematological malignancies, benign solid tumors
or non-neoplastic conditions (77).

Presence of features of locally advanced disease (Figure 2)
makes decision easier but this is not the case always.
VATS should be seen only as a minimally invasive tool for
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Anticipation of difficulties

Clinical suspicion

Clues from imaging studies or other investigations

Co-morbidities

Phrenic nerve palsy

Pre-existing Pulmonary parenchymal disease
Pre-existing cardiac disease
Coagulopathy

Recurrent pneumonia episodes, poor
pulmonary function tests in an apparently

Imaging studies also suggestive

Chest X-ray/CECT/MRI-raised diaphragm on the
side of nerve involvement by tumor

healthy looking patient
Recurrent laryngeal nerve palsy Hoarseness of voice
Large tumor size Associated chest swelling

Tumor biology

Laryngoscopy shows vocal cord palsy

Imaging suggests tumor occupying hemithorax

Aggressive nature (rapidly growing, short

duration history, poorly differentiated)

Locally advanced
or motor weakness of limbs

Past pulmonary disease treatment
last 1-2 years

Previous treatment received
radiotherapy

Developmental defects/deformities  Pectus excavatum

Features of thoracic outlet syndrome, sensory

Tuberculosis/empyema treatment received in

Post neoadjuvant chemotherapy or

CECT/MRI suggests vascular involvement, spinal
extension (in posterior mediastinal tumors)

Imaging suggests lung consolidation, pneumonitis

Imaging suggestive of loss of planes with visceral/
parietal pleura or lung parenchyma infiltration

Situs invertus

Figure 2 Thymoma with invasion of right brachiocephalic vein

and right lung upper lobe.

mediastinal tumors resection and the limitations of this
approach should not be considered as its disadvantages.
Most of its disadvantages like high infrastructure costs
and limitation of tactile sensation were similar to any
other minimally invasive procedure. However, in infants
and smaller children paediatric VATS demands very small
calibre instruments which may not be easily available. Due
to lower incidence of cases and technical and structural
problems there is a slower progress in achieving experience
in VATS even among purely paediatric centres (78).
This leads to scarcity of adequate training facilities when
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compared with adults.

From the experiences of various authors, few salient tips
can be useful for the beginner VATS surgeons. Adequate
planning should involve correct patient positioning and
port placement which is the first step towards a successful
resection. One of the largest series by Partrick er al.
suggested that a prone position is better for posterior
mediastinal tumor resection as it allows the retraction of
collapsed lung by gravity (79). Frequently the 4th or 5th ICS
is used for placement of camera port but for older children
7th or 8th ICS is more suitable (80). As the thoracic cage
is variable across different ages in children, port placement
has to be planned both according to disease site and specific
individual. The entry of the first port (camera) needs caution
as introducing through areas of lung adhesion can cause
an inadvertent lung parenchymal injury. A clue to this may
sometimes be available in the preoperative imaging. Rarely
diaphragmatic injury can occur after introduction of the first
trocar if it is at 7th ICS or lower (81). In cases of bleeding
after biopsy of a friable mediastinal mass a “figure of 8”
suture can be useful for haemostasis (82). Finally, specimen
should always be retrieved in a plastic bag as already
discussed and if it is not available then at least a wound
protector should be i situ (83).
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Thoracoscopic approaches Description of the technique

Advantages

MSACI Axillary incision along with thoracoscopy
Hybrid Small subxiphoid incision and thoracoscopic
thymectomy

VATET Anterior chest wall lifting method

Flexed-neck position

Can retrieve large tumors, can take control of vascular
tumors, useful in neonates and infants

Better view of the bilateral pleural cavities and more
radical

Transcervical considered more suitable for patients with
myasthenia gravis as it provides higher radicality

Transcervical approach with low collar incision

Robotic surgery (RATS)
surgery

On similar principles with any other robotic

Can provide higher degrees of freedom and tactility (by
use of ultrasonography)

VATET, video assisted thoracoscopic extended thymectomy; MSACI, muscle sparing axillary crease incision; RATS, robotic assisted

thoracoscopic surgery.

Does a learning curve in VATS exist?

Adult studies have shown that VATS is associated with
a well described learning curve (84). The existence of a
similar learning curve is seen in paediatric patients (78,85).
As the number of cases are fewer in case of children so
gathering experience takes longer and so is the training.
With appropriate training program as seen with adult
patients, the peak of this learning curve can be reached after
50 cases (86).

Specific oncologic issues
Does post neo-adjuvant setting make VATS difficult?

Although adhesions are expected after neo-adjuvant therapy
but VATS can be performed successfully in these setting
and conversion to open should be considered according to
the situation (16).

Role of a chest tube?

The need for a chest tube after thoracoscopic procedures
in children has been questioned by few authors with the
reason that it is more painful post-operatively and keeping
the tube does not have any additional benefits (87). Many
consider an early removal of chest tube within 24 hours of

surgery (79).
Is data collection and audit necessary?

It is recommended that all centres performing VATS should
collect data and audit their procedures for perioperative
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outcomes including long term morbidity and mortality (88).
The ITMIG group has prescribed proformas for recording
intraoperative notes and data collection for minimally invasive
surgery in thymoma (83). Only audit of a well collected data
can give a useful analysis regarding the performance of the
centre and identify areas of improvement.

VATS: a combined decision

With understanding of the various aspects of VATS in
children, the decision to consider for either minimally
invasive or thoracotomy should be made jointly by a
multidisciplinary team involving the paediatrician and
thoracic surgeon (16).

Current direction and future trends

VATS in children has been an area of interest among
surgeons with the growing advances in technology. It is
a well-established and standard technique for childhood
mediastinal tumors. Refinement of this technique and
technological advances will lead to better ways of achieving
results. A variety of modifications and hybrid methods have
been attempted by surgeons with reported benefits (Table 5)
(85,89-93). Robotic VATS is another such addition to
the armamentarium of the surgeon with better freedom
of movement, vision and hence handling difficult cases.
While these systems entail a higher infrastructure and
investment cost but in the long term may prove promising
just like other fields of surgery. Moreover, the upcoming
of intraoperative ultrasonography which is already inbuilt
in the newer da Vinci robotic systems can decrease the
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guess work and wait time for decision to convert to a
thoracotomy.
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