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Background: The Da Vinci robotic system has been used to enhance the surgeon’s visualization and agility
in lung cancer surgery, and thus facilitate refined dissection, knot tying and suturing. However, only a few
case reports exist on performing a sleeve lobectomy with a robotic-assisted thoracoscopic surgery (RATS)
technique. Here we describe our early experience performing RATS sleeve lobectomies. To our knowledge,
this is the first study reporting a series of RAT'S sleeve lobectomies.

Methods: The six consecutive NSCLC patients who underwent a RATS sleeve lobectomy between
November 2013 and July 2015 at the National Taiwan University Hospital were enrolled in this study. The
lobectomies were all performed by the same surgeon using a three-arm robotic system with an additional
utility incision made for assistance and specimen retrieval.

Results: Five patients were diagnosed with squamous cell carcinoma, while the sixth was diagnosed with a
carcinoid tumor. The mean operation time was 436.7 [255-745] minutes. The mean postoperative intensive
care unit (ICU) stay and hospital stay were 3.7 [1-11] and 11.3 [3-26] days, respectively. Two (33.3%; 2/6)
morbidities were noted, including one pneumonia and one anastomosis stricture. There were no cases of
mortality or of conversion to thoracotomy.

Conclusions: Our experience performing a RAT'S sleeve lobectomy in the six patients demonstrated the
feasibility of RATS in complex lung cancer surgeries. The three-dimensional vision and articulated joint
instruments made robotic-assisted bronchial anastomosis easier under the endoscopic setting. Our experience
suggests that RATS offers specific advantages with regard to accuracy and safety when performing sleeve

lobectomies.

Keywords: Robotic sugery; lung cancer surgery; sleeve lobectomy

Submitted Apr 18, 2016. Accepted for publication May 15, 2016.
doi: 10.21037/jtd.2016.06.14
View this article at: http://dx.doi.org/10.21037/jtd.2016.06.14

Introduction been considered a standard procedure, robotic surgery is

_ gaining popularity. Melfi ez al. reported the first experience
In the past two decades, several studies have demonstrated of robotic-assisted thoracoscopic surgery (RATS) for lung
cancer in 2002 (4). Thereafter, RATS has been proposed

as an alternative choice in the lung cancer surgery field.

the advantages of shorter hospital stay, less tissue injury,

better cosmetic results, lower morbidity and equivalent

oncologic results with video-assisted thoracoscopic (VATS)
lobectomy compared with open thoracotomy for lung

cancer surgery (1-3). While thoracoscopic surgery has long

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

There are several practical advantages of RATS over VATS
in lung cancer surgery, including its provision of a three-
dimensional field of vision and of greater articulation with
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endowrist technology. On the other hand, opponents of
robotic surgery have cited the expensive cost, loss of haptic
feedback, longer procedure times and concern regarding
the management of accidental intraoperative bleeding (5-7).
The impact of RATS lobectomy on clinical outcomes
remains unclear. A few studies have reported on early
experiences of using RATS for lung resection, and all
have indicated similar outcomes in comparison with using
VATS (5-7). Potential benefits may be postoperative pain
reduction, early return to usual activity (5), and fewer
conversions for uncontrolled bleeding (7).

Compared with standard lobectomy or wedge resection,
the surgical technique of sleeve lobectomy is more complex,
which has limited the usage of minimally invasive surgery
in performing the procedure. VATS sleeve lobectomy
or bronchoplasty has been reported, but its suitability is
limited (8,9). The RATS platform may be superior to VATS
for such complex thoracic surgeries because of its three-
dimensional viewing camera and articulated robotic forceps.
However, there have been only three studies on the use of
RATS for performing bronchoplasty or sleeve lobectomy
(10-12). Here, we report our early experience conducting six
RATS sleeve lobectomies for locally advanced lung cancer.
This is the first series report of RATS sleeve lobectomy for
lung cancer in the current English literature.

Methods
Patient population

The six consecutive NSCLC patients who underwent
RATS sleeve lobectomy from November 2013 to July 2015
at National Taiwan University Hospital, all performed
by a single surgeon (JM Lee), were enrolled in this study.
Sleeve resection was considered as the first option in all
patients with centrally located NSCLC if it was possible to
perform complete resection that would result in sufficient
spared lung parenchyma to occupy the thoracic cavity.
We started to use the RATS technique for performing
sleeve lobectomies beginning in 2013 and henceforth
recommended RATS for all candidates of sleeve lobectomy.
However, the choice between RATS and VATS was mainly
decided by the patients themselves due to the high cost
of RATS. On average, the in-hospital cost of RATS is
around 6,000 USD more expensive than VATS in our
institute. The preoperative staging procedure incorporated
chest radiography; blood chemistry analysis and serum
carcinoembryonic antigen measurement; computed
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tomography of the chest, brain, and abdomen; positron
emission tomography scans or bone scans; bronchoscopy;
echocardiogram; and pulmonary function tests.
Clinicopathologic and perioperative parameters as well
as postoperative outcomes were collected retrospectively
from chart review. The study was approved by the National
Taiwan University Hospital Research Ethics Committee,
and all patients signed an informed consent.

Surgeon background

Professor JM Lee is the chief in the Thoracic Division of
National Taiwan University Hospital. He has performed
more than 2,000 previous VATS lobectomies, and his
previous robotic experience includes more than 150 cases
of RATS lobectomy, thymectomy, esophagectomy and
mediastinal tumor resection.

Robotic-assisted thoracoscopic sleeve lobectomy

The patients were placed in the right or left decubitus
position, according to the lesion site, and the three robotic
arms (da Vinci Surgical System, Intuitive Surgical Inc.,
Sunnyvale, CA, USA) were used in the routine manner for
RATS in our hospital. For the 3-arm setting, the port sites
were slightly more lateral as compared to that created in
the 4-arm setting. A utility incision was made on the tip of
the 9™ or 10" rib on the internal edge of diaphragm. The
30-degree downscope was introduced through the port
created along the 7" intercostal space on the mid-axillary
line. The first and second robotic arms were introduced
through the ports located on 5" to 6™ intercostal space
and 8" to 9" intercostal space on the anterior or posterior
axillary line respectively, the location of which was
determined by a scope introduced through the utility
incision to ensure the location of the ports was just above
the major fissure. The assistant was standing in front of the
patient working through the utility incision port.

In the dissection phase, the unipolar electrocautery
instrument (Permanent Cautery Spatula, Intuitive Surgical
Inc., Sunnyvale, CA, USA) was in the right robotic arm and
the bipolar electrocautery instrument (Fenestrated Bipolar
Forceps, Intuitive Surgical Inc., Sunnyvale, CA, USA) was
in the left robotic arm. The main pulmonary vein, artery
and bronchus were divided with a linear stapler by the
assistant through the anterior utility-incision port without
dislodging any of the robotic arms.

For bronchial anastomosis during the sleeve lobectomy,
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Figure 1 Bronchial anastomosis during RATS sleeve lobectomy. (A) After left upper lobe sleeve lobectomy, a needle driver was introduced

to replace the electrocautery instrument; (B) left lower lobe bronchus and left main bronchus anastomosis was performed with a continuous

running suture with 4-0 absorbable monofilament stitches (case 3). RATS, robotic-assisted thoracoscopic surgery.

Table 1 Preoperative patient demographics and clinical parameters

No. Age/sex Smoking Diagnosis Pathological stage  PFT (FVC%/FEV1%) Risk factors Neoadjuvant C/T
1 75/F + SqCC T3NOMO, stage IIB 94/98 Redo surgery for recurrence* -
2 44/M + SqCC T2aNOMO, stage IB 103/94 - -
3 56/F - Carcinoid T2aNOMO, stage 1B 63/56 - +
4 52/M + SqCC T2aN2MO, stage IIIA 87/76 DM, HTN, AF -
5 60/M + SqCC T3NOMO, stage IIB 81/79 ESRD -
6 63/M - SqCC T2aNOMO, stage IB 109/107 - -

*, the patient received left thoracoscopic proper segmentectomy 2 years ago. Tumor recurrence was noted at left upper bronchus orifice.

AF, atrial fibrillation; C/T, chemotherapy; DM, diabetes mellitus; ESRD, end-stage renal disease; FEV1, forced expiratory volume in 1

second; FVC, forced vital capacity; HTN, hypertension; PFT, pulmonary function test; SqQCC, squamous cell carcinoma.

a needle driver was introduced to replace the electrocautery
instrument. Intraoperative pathological frozen-section
analysis was routinely performed to confirm the negativity
of the bronchial or vascular stump involvement by cancer
cells in all patients. End-to-end bronchial anastomosis was
accomplished by a continuous running suture with 4-0
absorbable monofilament stitches (PDSII, Ethicon Inc.,
Somerville, NJ, USA) (Figure 1). Bronchoscopy was used to
confirm the integrity of the anastomosis site thereafter. All
patients underwent systematic mediastinal and hilar lymph
node dissection. After the surgery, lungs were checked for
air leaks by inflation. A 28-French chest tube was placed
through the anterior axillary line working port.

Results

Of the 6 study patients, 4 were male and 2 were female.
The mean age of the patients was 58.3 years (range, 44-75).
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Two third of the patients were smokers (66.6%; 4/6). The
pathologic diagnosis was squamous cell carcinoma in 5 of the
patients, and carcinoid tumor in the remaining patient. The
pathologic staging was IB in 3 patients, IIB in 2 and IIIA in
1 patient. The details of the preoperative demographic data
and clinical parameters are listed in Zable 1.

All patients underwent RATS sleeve lobectomy
successfully without any conversion to open thoracotomy.
The mean operative time was 436.7 min (range, 255-745).
The number of lymph nodes dissected was 15.7 (range, 5-35).
A large amount of intraoperative bleeding was noted in
two patients (1,600 and 2,400 cc). The mean intensive care
unit (ICU) stay and hospital stay were 3.7 (range, 1-11)
and 11.3 (range, 3-26) days, respectively. Postoperative
morbidity occurred in 2 patients (2/6, 33.3%), anastomosis
stenosis in one and pneumonia in another. Postoperative
cancer recurrence was noted in one patient (1/6, 16.7%).
The perioperative parameters and postoperative outcomes
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Table 2 Perioperative parameters and postoperative outcomes

Lin et al. RATS sleeve lobectomy

Operation

Bleeding

ICU stay Hospital stay Chest tube

No. Procedure LND No. . ) Morbidity =~ Recurrence
time (min) (mL) (days) (days) stay (days)

1 LULSL 5 458 200 2 7 4 - -

2 RULSL 23 289 50 1 3 2 - -

3 LULSL 11 595 1,600 2 8 3 - -

4 LULSL + PA 5 745 2,400 5 19 6 Anastomosis +

stenosis

5 RML/RLLSBL 35 255 Minimal 11 26 14 Pneumonia -

6 LULSL 15 278 250 1 5 3 - -
Mean + SD 15.7+11.6 436.7+200.2 750+1,005 3.7+3.9 11.3+£9.1 5.3+4.5

ICU, intensive care unit; LND No., number of dissected lymph nodes; LULSL, left upper lobe sleeve lobectomy; PA, pulmonary

arterioplasty; RML/RLLSBL, right middle and lower lobe sleeve bilobectomy; RULSL, right upper lobe sleeve lobectomy.

A

s

Figure 2 Pre- and postoperative images of RATS sleeve lobectomy. (A) Preoperative computed tomography imaging illustrating the tumor in

ek, s,

C

e

the hilum; (B) computed tomography imaging; and (C) bronchoscopy illustrating patent bronchial anastomosis 3 months after surgery (case 3).

RATS, robotic-assisted thoracoscopic surgery.

are listed in Table 2. Figure 2 illustrates preoperative and
postoperative computed tomography, and shows the patent
bronchial anastomosis under computed tomography
imaging and bronchoscopy after surgery.

Discussion

With the advances made in VATS in the 1990s, early
stage lung cancer surgeries are increasingly done by VATS
lobectomy because it results in shorter hospital stays, less tissue
injury, and better cosmetic results than open lobectomy. In
recent years, uniportal VATS for major lung resections has
become a revolution in the treatment of lung cancers. More
complicated procedures including uniportal segmentectomy,
pneumonectomy, and sleeve resection have been reported
(13,14). However, the application of VATS for locally
advanced, centrally located lung cancers remains controversial.
VATS sleeve lobectomy or bronchoplasty for locally
advanced lung cancers has been sporadically reported (8,9),
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but its feasibility is limited because of its limited field of
vision and maneuverability of instrumentation. In contrast,
robotic surgery does allow for clear three-dimensional vision
of the surgical field and provides ample maneuverability with
its highly articulated robotic forceps. Therefore, RATS sleeve
lobectomy or bronchoplasty for locally advanced lung cancers
may be a better choice than a VATS procedure.

In 2006, Ishikawa et al. performed the first RATS sleeve
lobectomy in a human cadaver (15). In actual clinical
patients, only three cases have been reported in the English
literature (10-12). The first report of robotic-assisted sleeve
lobectomy was from Schmid and colleagues in 2011 (10).
They performed a right upper lobe sleeve lobectomy for a
typical carcinoid using hybrid surgery, including RATS for
airway reconstruction and VATS for the other procedures.
The postoperative course was uneventful, and the patient
was discharged on postoperative day 15. Subsequently,
Nakamura and colleagues performed robotic bronchoplastic
right upper lobectomy for centrally located squamous cell
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carcinoma in 2012 (11). In 2015, Pan et al. reported their
experience with extended sleeve lobectomy, a left lower
and lingual lobectomy for a lung adenocarcinoma patient
receiving neoadjuvant chemotherapy (12). In the current
study, we reported the first series of six consecutive RATS
sleeve lobectomies in our single institution. No conversion
to thoracotomy and no mortality were noted.

Compared with VATS lobectomy, a longer operation
time in RATS lobectomy has been reported previously
(161-269.4 vs. 128-253.8 minutes) (7,16). The large range of
operation times among the different studies may be related
to differences in the amount of experience performing the
procedure of the surgeons and institutes, differences in the
definition of operation time (including the time spent on
set-up, duration of the bronchoscopy exam and whether
intraoperative frozen section for pathology study was
done or not). In this study, the mean operation time was
436.7 (range, 255-745) min. A long operation time of
more than 5 hours was noted in three patients (50%; 3/6).
We suppose the prolonged operation time for these
three patients was related to their having undergone
preoperative neoadjuvant chemotherapy, a redo procedure,
and a more complex procedure of double sleeve lobectomy
with bronchus and vascular anastomosis. Besides, a large
amount of intraoperative bleeding was noted in two of
them. Undergoing preoperative neoadjuvant chemotherapy
treatment or a redo procedure could make surgery more
difficult by increasing pleural space adhesion and fibrosis of
perivascular lymph nodes. However, in these three patients,
the postoperative course and hospital stay were similar to those
of the other group. Nakanishi reported his early experience
of performing VAT sleeve lobectomy and bronchoplasty
on five patients in 2007 (8). The mean operation time
was 552.4 (range, 330-740) minutes. Mahtabifard and
his colleagues reported another series of 13 VATS sleeve
lobectomies in 2008 (9), with a mean operation time of
167 (range, 90-300) minutes. Our experience suggests that
RATS is a feasible procedure with an equivalent operation
time and may offer some advantages over conventional
thoracoscopic surgery in such difficult situations.

Common complications after sleeve lobectomy include
pneumonia, bronchial stenosis, atelectasis, prolonged air
leakage, atrial fibrillation and wound infection, and the
reported incidence of complication ranges from about
24-40% and 10-31% in open thoracotomy and VATS,
respectively (9,17,18). The variability of complication rates
among different studies may depend on their different
studied populations and postoperative management
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(9,17,18). In the current study, two (33 %; 2/6) postoperative
morbidities occurred, including one of anastomosis stenosis
and the other of postoperative pneumonia. The complication
rate was equivalent to that reported in other series (9,17,18).
Both of the two patients with postoperative morbidity
had comorbidities, including diabetes and end-stage renal
disease with regular hemodialysis. For the two patients with
postoperative morbidities, the ICU stay and hospital stay
were longer than those without postoperative morbidities
(8 vs. 1.5 and 22.5 vs. 5.75 days, respectively).

Our previous thoracic robotic experience consists of
more than 150 lobectomies, thymectomies, esophagectomies
and other cases (19,20). This experience allowed successful
performance of such a delicate procedure. Our experience
suggests that there are several limitations of VATS sleeve
lobectomy: (I) the usage of a traditional endoscopic needle
holder is not convenient for suturing and knot tying; (II) the
articulation of the manual endoscopic suture is limited; (IIT)
the view afforded by conventional thoracoscopic surgery
is especially limited in the suturing of the membranous
portion, which is located at the bottom of the visual field.
In contrast, the robotic system’s three-dimensional field of
vision and the articulated joints of its instruments makes
robotic-assisted bronchial anastomosis easier under the
endoscopic setting. On the other hand, there are still some
disadvantages of RATS surgery, including higher hospital
costs and longer set-up times. Because this retrospective
study involves a small case number of procedures performed
in a single institute, more such procedures should be
performed by multiple institutes to clarify the safety and
teasibility of RAT'S sleeve lobectomy.

Conclusions

The operating time and complication rate of RATS sleeve
lobectomy may be equivalent to conventional thoracoscopic
surgery. Although RATS sleeve lobectomy is a complex
technique, our experience showed its feasibility. Because
RATS sleeve lobectomy is a relatively new procedure,
both hospital cost and operating time may be decreased in
the future as increasing familiarity with this procedure is
gained. Further prospective randomized studies focusing on
comparison of the feasibility and safety of RATS and VATS
are necessary.
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