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Abstract: Robotic technology is positioned to transform the approach to tracheobronchial surgery. With its
magnified 3D view, intuitive controls, wristed-instruments, high-fidelity simulation platforms, and the steady
implementation of new technical improvement, the robot is well-suited to manage the careful dissection and

delicate handling of the airway in tracheobronchial surgery. This innovative technology has the potential to

promote the widespread adoption of minimally invasive techniques for this complex thoracic surgery.
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Introduction

Minimally invasive surgery (MIS) has revolutionized how
surgeons approach a large variety of complex procedures,
nowhere is this better exemplified than the robotic approach
to tracheobronchial surgery.

The development of MIS techniques and the evolution
of video-assisted thoracoscopic surgery (VATS) has driven
novel approaches among an ever-growing population of
patients amenable to MIS surgery. Previously restricted to
diagnostic procedures, thoracoscopic technology can now be
used to perform increasingly complex thoracic operations.
Numerous retrospective studies have demonstrated
advantages of these minimally invasive techniques over
an open thoracotomy, citing improved post-operative
pulmonary function, diminished pain, shorter length of
stay, equivalent oncologic outcomes, and better overall
prognosis (1,2). Despite these advantages, the literature
shows a sluggish adoption of MIS techniques for thoracic
procedures, with over half of lobectomies still performed via
open thoracotomy in 2014 (3).

As VATS procedures burgeoned, robotic systems were
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simultaneously being developed. Boasting its four-armed
platform, 10x magnification with binocular lens for 3D
vision, and wristed instruments allowing seven degrees-of-
freedom, the da Vinci system (Intuitive Surgical, Sunnyvale,
CA, USA) has become the dominant robotic platform.
Robotic-assisted thoracic surgery (RATS) pioneers swiftly
accumulated surgical “firsts”, including the first lobectomy,
thymectomy, and esophagectomy. Proponents offer that the
robot’s superior visualization, improved ergonomics, more
intuitive instrument movements, and ability to perform more
meticulous dissection will propel RATS where surgeons have
so far been slow to adopt VAT'S techniques (4).

The robotic approach was made even more accessible
with the 2014 release of da Vinci’s fourth-generation
platform, Xi. With its simplified docking procedure, better
maneuverability of its boom-mounted arms, and extended
instrument reach, several studies have favorably compared
the Xi to its predecessor in general surgery literature (5).
For tracheobronchial surgery, we would highlight the
importance of the new platform’s capacity for camera “port
hopping”. With a redesigned, 8 mm endoscope, the camera
can now be placed into any working port, allowing the
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Figure 1 Robotic airway reconstruction with arrows 1-3 depicting instrument placement and arrow C denoting camera placement. (A,B)

Camera placement at two different points of airway reconstruction, utilizing “port-hopping”; (C) depicts the view from (A), looking

superiorly towards the apex of the chest at initial bronchotomy with lung parenchyma retracted inferiorly; (D) depicts the view from (B),

looking inferior-medially over the divided azygous vein during bronchoplasty (bronchoscope can be seen in the airway lumen).

surgeon to change views without a burdensome redocking
process. This is illustrated by an airway reconstruction as
depicted in Figure 1. The initial camera placement seen in
Figure 1A. provides the view obtained during dissection,
bronchial resection and reconstruction (Figure 1C). The
lesion resected was at the junction of the distal right
mainstem bronchus and apical segmental bronchus. The
camera can then be moved to the posterior-most port
(Figure 1B) and bronchoplasty completed with an inferior-
medial facing view (Figure 1D). This ability to “port hop”
provides unparalleled opportunities for visualization during
key steps of complex operations. We expect this improved
visualization to facilitate the transition for more surgeons
who want to incorporate MIS techniques into their
approach to tracheobronchial surgery.

Robotic simulation also allows surgeons and trainees
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to safely practice transferrable surgical skills and serves as
a tool for planning any novel procedure or approach. For
example, a left upper lobe sleeve lobectomy and pulmonary
arterioplasty was performed on a cadaveric porcine model
(Figure 2). With the ability to simulate operations and
practice technical maneuvers using its intuitive controls
(via cadavers, animal models, or virtual systems), the
robot promises a shorter learning curve compared to
VATS. For robotic lobectomies, the learning curve among
trained thoracic surgeons is roughly 20-30 cases (6,7). At
this early stage, no studies exist specifically investigating
tracheobronchial operations, but given the delicate
dissection and current low adoption rate of MIS techniques,
it is reasonable to assume the robot will outperform VATS
technology.

The da Vinci system also has clear advantages when it
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Figure 2 Pulmonary arterioplasty being performed on cadaveric

porcine model.

comes to teaching tracheobronchial surgery to new trainees.
Dual consoles allow an instructor to assume control of the
operation from his/her trainee as needed, helping to balance
safety and autonomy. This can be accomplished without
switching positions or performing a technique from the
opposite side of the table. The trainee and instructor have
the same view and same set of “hands”. In recent surveys,
thoracic surgery trainees expressed the need for more
instruction using the robot (8), though standardize pathways
to competency have been proposed (9).

Sleeve lobectomy

Until recently, a MIS approach has been contraindicated for
sleeve lobectomies due to technical difficulty and concerns
for achieving a complete oncologic resection. However, as
studies have reinforced the superiority of sleeve lobectomy
to pneumonectomy (10), surgeons at experienced centers
have demonstrated success using MIS techniques (11-13).
In their series of 15 patients undergoing MIS sleeve
resections, including two with robotic approaches,
Caso er al. demonstrated outcomes comparable to open
thoracotomies (14), adding evidence that the MIS approach
is feasible with acceptable morbidity. Two robotic cases
described were a complete portal robotic distal tracheal
and left main stem resection and reconstruction on
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extracorporeal membrane oxygenation (ECMO) for
granular cell tumor and a bronchus intermedius resection for
bronchial adenoma. For both cases, the authors described a
four-port technique using the da Vinci Xi system. Notably,
while preparing for the distal tracheal and left main stem
resection and reconstruction, the operating surgeons utilized
a cadaveric model to plan the novel approach (15). Though
an MIS approach was not initially thought to be possible,
the surgeons reconsidered given growing experience using
the robotic approach. By first practicing the technique on
a cadaver, they demonstrated its feasibility and reduced any
propensity for technical errors. The definitive operation was
performed a week later with no major complications, the
patient was discharged home on post-operative day (POD)
5. The second patient undergoing the robotic approach in
their MIS series was discharged on POD 6 without major
complications. Both patients demonstrated no evidence of
disease or any notable complications at follow-up after 2 and
7 months, respectively.

These results are consistent with a series of eight patients
undergoing a robotic sleeve lobectomy written by Cerfolio (16).
In this series, he details the robotic setup and operative
technique for a right upper lobe sleeve lobectomy using the
da Vinci Si system. Of their eight patients, one required
conversion to thoracotomy after injury to the apical
segment of the pulmonary artery caused bleeding. No blood
transfusion was required, and the patient did well after an
open sleeve lobectomy. All patients tolerated the operation
well, with no major post-operative morbidity or mortality.
Mean length of stay was 3.1+0.9 days. Egberts ez a/. describe
a similar robotic technique, detailing small modifications
for the da Vinci Xi system (17).

In total, early case series demonstrate the promise of a
robotic technique for these difficult thoracic operations.
VATS sleeves are only being performed in a small handful
of centers pushing the boundaries of MIS techniques.
While the RAT'S approach is still limited to programs with
a robust robotic program, the new technology has the
potential for wider adoption. With the delicate nature of
an airway anastomosis, the improved vision, more precise
dissection, and high-fidelity simulation made possible by
the robot, this new technology may allow surgeons to more
easily transition from traditional thoracotomy to MIS. In
this current period of early adoption and novel techniques,
future studies are still needed to compare outcomes
and adoption rates between robotic, open, and VATS
approaches for sleeve lobectomies.
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Tracheobronchial malacia (TBM)

Patients with TBM represent another population that may
benefit from a novel robotic approach to an operation that
has traditionally only been offered via open thoracotomy.
Characterized by a weakness and collapse of the trachea
and/or mainstem bronchi, TBM is often acquired. It afflicts
those with pre-existing respiratory disease, most commonly
asthma with chronic inhaled-steroid use or chronic
pulmonary obstructive disorder (COPD), and is often
underdiagnosed and undertreated. Temporary treatment
options include airway stenting, either with silicone Y-stents
or expandable metal stents. These may cause foreign-body
inflammation, mucus plugging, infection, or a difficult
retrieval process, and are only indicated as a short-term
solution (18). The definitive treatment remains open
tracheobronchoplasty via right posterolateral thoracotomy
to plicate redundant membrane and stabilize the airway
with mesh placement. This approach, however, carries the
expected drawbacks of open thoracotomy in this morbid
patient population and has mixed results in improved forced
expiratory volume at 1 second (FEV1), symptom relief, and
improved quality of life (19).

Lazzaro et al. described a series of 42 patients undergoing
robot-assisted tracheobronchoplasty for TBM (20) with the
goal of demonstrating the safety and improved outcomes
using a robotic technique. The authors describe a 4-port
approach (plus one 12-mm assistant port) using the da Vinci
Xi platform to stent the airway by secure polypropylene
braided mesh. In their population, the median length of stay
was 3-day and median ICU length of stay was 1 day. They
described 19 post-operative complications, 11 minor (26%)
and 8 majors (19%). The major complications included,
two chest tubes required for pneumothoraces, symptomatic
subcutaneous emphysema, one hemothorax requiring
intervention, and two patients needing to return to the
ICU (for bronchoscopy and monitoring of an arrhythmia).
One patient also required a revision surgery for persistent
symptoms at 125-day. There were no 90-day mortalities and
no reintubations or tracheostomies. Pulmonary function
testing (PFT) showed statistically significant improvement
in FEV1, forced vital capacity, and peak expiratory flow
rate, by 13.5% (P=0.01), 14.5% (P<0.0001), and 21.0%
(P<0.0001), respectively. They also demonstrated an 82%
improvement on quality of life questionnaire.

This demonstrated safety and improved PFTs after
robotic-tracheobronchoplasty for TBM offer a promising
option for this historically under-treated disease process.
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The robotic platform may allow more surgeons to offer
definitive treatment to this difficult patient population.

Disadvantages

Despite the advantages previously described, the robotic
approach to tracheobronchial surgery carries costs. Existing
literature points out the greater expense and longer operating
times compared to VATS (21), while many have noted the
lack of tactile feedback, high upfront logistic considerations
for hospitals without robotic programs, and the lack of
standardized credentialing or training programs (22).
Though common for new technologies, and sure to
improve as the field matures, these costs and lessons learned
from the robotic lobectomy experience (23) will likely apply
equally to tracheobronchial procedures.

Additionally, robotic tracheobronchial surgery requires
particular attention from an experienced anesthesiology
team, with specific expertise managing CO, insufflation,
capnothorax, single-lung ventilation, and the potential
need for ECMO (24,25). As always, clear communication
between surgical and anesthesia teams is essential to ensure
patient safety, a successful operation, and adequate post-
operative pain control.

Conclusions

With great technologic advancements, the approach to
tracheobronchial surgery is rapidly being transformed.
Robotic surgery can promote the widespread adoption of
MIS techniques for complex thoracic surgery, succeeding
where VATS has been slow to achieve application more
broadly. Its magnified 3D view, intuitive controls, wristed-
instruments, high-fidelity simulation platforms, and the
steady implementation of new technical improvement leave
the robot well-suited to manage the careful dissection and
delicate handling of the airway in tracheobronchial surgery.

We look forward to future studies comparing rates of
adoption, short-term outcomes, and long-term benefits
between robotic surgery, VATS, and open thoracotomy. As
more surgeons gain familiarity with the robotic approach to
tracheobronchial surgery, we anticipate that more patients
will benefit from these innovative tools.
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