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Background: We investigated whether robotic-assisted surgery improves mediastinal lymph node
dissection (MLND).

Methods: We analyzed patients (pts) who underwent robotic-assisted video-assisted thoracoscopic surgery
(R-VATS) lobectomy for non-small cell lung cancer (NSCLC) over 36 months. Perioperative outcomes,
tumor histology, numbers, locations, and status of all lymph nodes (LNs), and TNM (tumor, nodal, and
metastasis) stage changes were analyzed.

Results: One hundred fifty-nine pts had mean tumor size 3.3+0.2 cm, most commonly being
adenocarcinoma. Assessment of >3 N2 stations occurred in 156 (98.1%) pts, with 141 (88.7%) pts having >3 N2
stations reported. Mean total N1 + N2 stations assessed was 5.6+0.1 stations, including mean 4.1+0.1 N2
stations assessed. Mean N2 LNs reported was 7.2+0.3 LNs, and mean total N1 + N2 LNs reported was
13.42+0.4 LNs. There were 118 (74.2%) clinical stage-I pts versus 96 (60.4%) pathologic stage-I pts. Overall,
48 (30.2%) pts were upstaged, including 13 pts with cNO—-pN1, 13 pts with cNO-pN2, 4 pts with cN1-pN2,
and 18 pts with changes in T.

Conclusions: R-VATS lobectomy is safe and results in perioperative outcomes comparable to those
reported for conventional VATS. R-VATS MLND is effective at detecting occult metastatic disease during
lobectomy for NSCLC.
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Introduction

Although non-small cell lung cancer (NSCLC) usually
requires multi-modality therapy that includes systemic
chemotherapy and/or radiation therapy, surgical resection
is still standard for diagnosis, treatment, and staging.
Mediastinal lymph node (LN) status is the most important
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prognostic factor after surgical resection of early stage
NSCLC (1). Patients with positive LN at surgical resection
are offered adjuvant chemotherapy and/or radiation therapy.

Minimally invasive robotic-assisted surgery is one
of recent technologic developments that are advancing

thoracic surgery. Robotic surgical systems, such as the da
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Vinci® (Intuitive Surgical Corporation, Sunnyvale, CA,
USA), provide surgeons a handful of advantages, including
high-definition, magnified, three-dimensional views of
the operating field, wristed instrumentation with multiple
degrees of articulation, and computer-assisted scaled-
down movements and reduction of hand-related tremors,
which make hilar and mediastinal dissection more precise.
These capabilities are expected to allow more effective LN
dissection, resulting in improved detection of clinically
occult locoregional metastases.

Benefits of robotic-assisted surgery continue to be
debated. One lingering criticism of minimally invasive
surgery (MIS), such as conventional video-assisted
thoracoscopic surgery (VATS), is that mediastinal LN
dissection mediastinal lymph node dissection (MLND) is
inadequate when compared with that by thoracotomy (2).
Thus, the proportion of lobectomies performed by MIS
approach are lower than what we would expect more than
two decades after the first VATS lobectomy in 1991, with
proportions of lobectomies performed by conventional
VATS estimated to be as low as 6% in the Nationwide
Inpatient Sample database and as high as only 32-45% in
the highly selected Society of Thoracic Surgery General
Thoracic Surgery database (3-6). Furthermore, a study
using data from eight states compared distribution and
outcomes between different lobectomy approaches, and
only 430 cases (1.3%) were performed robotically, although
this percentage increased from <1% in 2008 to 3.4% in
2010 (7).

Current guidelines recommend >3 ipsilateral mediastinal
(N2) LN stations assessed in addition to removal of regional
N1 LN stations for appropriate surgical staging of NSCLC.
Our primary objective in this study was to investigate
whether robotic-assisted VATS (R-VATYS) surgery improves
overall LN dissection and LN metastasis detection during

pulmonary lobectomy for NSCLC.

Methods

We retrospectively analyzed prospectively collected data
from all patients who underwent any thoracic surgical
procedure at our institution by one surgeon. For this study,
we included consecutive patients who underwent R-VATS
lobectomy, including those converted to open lobectomy,
from September 2010 through August 2013. From these
patients, we analyzed those with NSCLC on final pathology.

This study was conducted in accordance with the
amended Declaration of Helsinki as outcomes research
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for quality assurance as part of our departmental thoracic
oncology clinical research database protocol. This database
protocol was approved by our institution’s Scientific
Review Committee (MCC #16512) and our university’s
Institutional Review Board (IRB #Pro00002678), which
waived informed consent for this retrospective study, which
is considered as review of existing data. Nevertheless, all
patients gave informed consent for our standard surgical
procedure, which consists of fiberoptic bronchoscopy,
R-VATS lobectomy, or else R-VATS wedge resection
followed by completion lobectomy, and then MLND, with
possible thoracotomy. Some patients also gave informed
consent for any anticipated en bloc chest wall and/or
vertebral resection, with possible reconstruction. Through
our institutional surgical informed consent, patients gave
permission to use surgery-related and tissue-related data for
education and research purposes.

All our patients undergo fiberoptic bronchoscopy by the
operating surgeon after the induction of general anesthesia.
After placement of the dual-lumen endotracheal tube, the
patient is then placed in either right or left lateral decubitus
position, depending in which hemithorax the lesion is
located. Our robotic-assisted lobectomy technique utilizes a
three-port system, which includes a 4-cm camera port along
the 6th intercostal space (ICS) at the anterior axillary line,
which doubles as the assistant’s access port, and two 1-cm
instrument ports along the 3rd ICS at the anterior axillary
line and along the 9th ICS at the posterior axillary line.
This 3-port anterior approach is adapted from our 2-port
approach for conventional VATS lobectomies, which uses
a l-cm camera port in the 8th or 9th ICS at the posterior
axillary line and a 4-cm instrument port along the 5th or
6th ICS at the anterior axillary line and which allows use
of the thoracoscope in either port. Since a 4-cm incision
is ultimately required to deliver the resected lobe with the
lung cancer from the thoracic cavity, we have not adopted a
totally port-based approach. Our 3-port anterior approach
differs from that of Park and colleagues only in the choice
of ICS for the port incisions (e.g., the 3rd, 6th, and 9th ICS
for our port incisions instead of the 4th, 7th, and 10th ICS
for theirs) and the choice of the port which is shared by the
assistant for access (e.g., our assistant sharing the 6th ICS
camera port incision instead of their assistant sharing the
4th ICS instrument port incision) (8). Based on our three
port incisions, the robotic patient cart is docked behind
the patient and over the patient’s ipsilateral shoulder, with
alignment of the robotic patient cart’s center post, the
patient’s scapular tip, and the camera port at the 6th ICS
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along the anterior axillary line.

From September 2010 through December 2011, our
group used the da Vinci S Robotic Surgical System,
with the Si" system being used from January 2012 to the
present. The lobectomy is performed with the pulmonary
vein divided first, then the pulmonary artery branch(es)
and bronchus, and then completion of the pulmonary
fissures. While we have not needed to use the fourth arm
of the robotic patient cart, we have created a fourth port,
usually along the 10th ICS at the mid scapular line, on rare
occasion to allow for another angle from which to apply the
linear endostapler onto a difficult pulmonary artery branch,
particularly when performing a left upper lobectomy. After
delivery of the lobectomy within an endopouch through the
6th ICS port incision, complete MLND is then performed.
We prefer to have our assistant use a “sponge stick” to
retract the lung and expose the mediastinal LN stations,
rather than to use the fourth arm of the robotic patient
cart, in order to simplify the robotic patient cart set-up and
docking and to minimize risk of both internal and external
collisions between the robotic patient cart arms. At the
end of the procedure, a 32-French chest tube is introduced
through the 9th ICS port incision and connected to
drainage at -20 cm H,O continuous suction.

Our exclusion criteria selected out patients with
pathology other than NSCLC, such as benign lesions,
pulmonary metastasis, or small cell carcinoma, and cases
that resulted in conversions to pneumonectomies. For this
study, we also excluded patients who received neoadjuvant
chemotherapy and/or radiation therapy, as neoadjuvant
treatment would downstage LNs that have metastatic
carcinoma, while neoadjuvant radiation therapy may make
LNs appear clinically positive on preoperative positron-
emission tomography (PET) scan.

Variables and outcomes analyzed included demographics,
intraoperative estimated blood loss (EBL), operative
time (skin incision to skin closure), conversion to
open lobectomy, chest tube duration, hospital length
of stay (LOS), and in-hospital mortality. All clinically
significant perioperative complications were noted.
Respiratory complications included acute respiratory
failure, pneumonia, aspiration confirmed by imaging,
hypoxia requiring home oxygen, prolonged air leak lasting
>7 days, mucous plugs, subcutaneous emphysema,
pneumothorax after chest tube removal, effusion
requiring intervention, chyle leak, pulmonary embolism,
and postoperative hemothorax requiring intervention.
Cardiac complications included atrial fibrillation, other
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arrhythmia requiring medications, myocardial infarction,
and cardiopulmonary arrest. Other complications evaluated
were other infections and multiorgan system failure and/or
shock.

Clinical stage was determined by history and physical,
computerized tomography (CT) scan, PET scan, brain
imaging studies, endobronchial ultrasonography (EBUS),
and/or cervical mediastinoscopy. LNs with short-axis
diameter greater than 1 cm on CT scan or maximum
standardized uptake value (SUV,,,,) greater than 2.5 on
PET scan were considered clinically positive. Otherwise,
CT scans, PET scans, and brain imaging studies were
mainly used to rule out stage-IV disease. We did include
in this study one stage-IV patient with isolated brain
metastasis and who subsequently underwent pulmonary
lobectomy for their primary lung cancer. At our institution,
we do not routinely perform cervical mediastinoscopy for
patients who are candidates for pulmonary lobectomy,
even those who have biopsy-proven to have, or are
suspected as having, clinical stage-IIIA NSCLC. These
patients routinely undergo surgical resection, followed by
adjuvant chemotherapy if proven to have pathologic stage-
II NSCLC or by adjuvant chemotherapy and radiation
therapy if proven to have pathologic stage-IIIA NSCLC.
For patients who are suspected as having clinical stage-11IB
NSCLC or who may require pneumonectomy for curative
resection, EBUS-guided fine needle aspiration (FNA) of
mediastinal LN is performed to confirm N3 or N2 disease,
respectively. Transthoracic or transbronchial biopsy of
a lung mass with or without EBUS-FNA of mediastinal
or hilar LNs is also performed to confirm diagnosis for
unresectable lung cancers. Cervical mediastinoscopy is
performed if suspicion for N2 or N3 LN involvement is
high, but EBUS-FNA is inconclusive.

Pathologic stage was based on intraoperative findings and
final pathology. Tumor histology, tumor size, and numbers
and locations of all LN stations and of all individual LNs
were also analyzed. We routinely performed systematic hilar
and mediastinal LN dissection, which included LN stations
2R, 4R, 7, 9R, 10R, and 11R, and occasionally stations 3A,
3P, and 8R for right lobectomies and LN stations 5, 7, 9R,
10R, and 11R, and occasionally stations 6 and 8R, for left
lobectomies. Except during segmentectomies, we did not
perform LN dissection at stations 12 or higher and instead
deferred examination of these stations to the pathologists.
We then compared clinical and pathologic tumor, nodal,
and metastasis ('NM) stage.

Data were presented as mean or median, with standard
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Table 1 Patient demographics and disease classification

Demographics Number of patients/percentage

Age (yrs)® 67.6+0.8 (range, 39-86)
Sex, n (%)

Male 76 (47.8)

Female 83 (52.2)

Body mass index (kg/m?? 27.9+0.5 (range, 14-59)

Preoperative biopsy-proven

cancer, n (%) 102 (64.2)
Histology, n (%)
Adenocarcinoma 101 (63.5)
Squamous 33 (20.8)
Neuroendocrine 13 (8.2)
Other 12 (7.5)

Tumor size (cm)? 3.3+0.2 (range, 0.8-11.0)

Clinical stage/pathological stage, n (%)

Stage 1A 82 (51.6)/69 (43.4)
Stage 1B 36 (22.6)/27 (17.0)
Stage 2A 12 (7.6)/17 (10.6)
Stage 2B 6 (3.8)/9 (5.6)
Stage 3A 20 (12.6)/35 (21.9)
Stage 3B 2 (1.3)/1 (0.6)
Stage 4 1 (0.6)/1 (0.6)

2 mean + SEM. SEM, standard error of the mean.

error of the mean (SEM) and range, or as count and
percentage, unless otherwise specified. Where applicable,
we used Chi-square (x), Fisher’s exact test, or Student’s z-test
to compare variables, with statistical significance established
at P<0.05.

We then performed an extensive literature review on LN
dissection and upstaging in thoracotomy and conventional
VATS series. Due to the lack of available data about efficacy
of robotic-assisted surgery on LN dissection and upstaging
after pulmonary lobectomy for resectable NSCLC,
our paper will attempt to address these endpoints. By
“resectable”, we refer to those stages of lung cancer, namely
stage-1, stage-II, and stage-IIIA, including those with
chest wall involvement, for which surgical resection can be
offered for curative intent, even if adjuvant chemotherapy
and/or radiation therapy is subsequently required. In our
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series, while patients with stage-IIIB and stage-IV NSCLC
would be generally excluded, we did include two patients
with clinical stage-IIIB, based on vertebral involvement, and
one patient with clinical stage-IV, based on a solitary brain
metastasis, all three of which were offered surgical resection
with curative intent. Lastly, we included neuroendocrine
tumors within our cohort, as these tumors were either
carcinoids or large cell neuroendocrine tumors, which are
treated by most medical oncologists as NSCLC, despite
being classified as being in the same family as small cell
lung carcinoma (SCLC), and which were able to be offered
surgical resection with curative intent (9,10).

Results

There were 211 consecutive patients, who underwent
robotic-assisted pulmonary lobectomy between September
2010 and August 2013 by one surgeon. Eliminated from this
initial cohort were 3 patients, who underwent conversion
to pneumonectomy due to hilar tumor involvement that
precluded lobectomy, and 17 other patients, who received
neoadjuvant chemotherapy and/or radiation therapy.
Final pathology for 32 patients reported benign lesions,
pulmonary metastases, or SCLC. These exclusions left for
evaluation our cohort of 159 cases. Mean age of our final
cohort was 68+0.8 years (range, 39-86 years). Description
of demographics and disease characteristics are included in
Table 1.

Types of resections are reported in 7able 2. The tumor
was located in the right lung in 106 patients and in the left
lung in 53 patients. The three most common anatomic
locations were right upper lobe (42.1%), left upper lobe
(24.5%), and right lower lobe (11.3%).

Major intraoperative outcomes included a median EBL of
150226 milliliters and a median skin-to-skin operative time
of 172+6 min. Overall conversion rate to open lobectomy
was 8.8%, while the emergent conversion rate for bleeding
control was 4.4%. Our patients’ median hospital LOS was
5+0.4 days. In-hospital mortality rate for our cohort was
1.9% (Table 3), with our three in-hospital deaths having
occurred during our first 50 cases. Two patients died when
their respective families requested withdrawal of support
after prolonged courses of multiorgan system failure. The
third patient died after a cardiac arrest.

Intraoperative and postoperative complications rates were
7.6% and 39.0%, respectively. The three most frequent
postoperative complications in our series included prolonged
air leak lasting >7 days, new-onset atrial fibrillation, and
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Table 2 Type of resection and surgical specimen

Table 3 Major perioperative outcomes

Type of resection and specimen Number Percentage

Variable Number/percentage

Resection
Lobectomy 142 89.3
Lobectomy + segmentectomy 6 3.8
Bilobectomy 6 3.8
Lobectomy + chest wall 5 3.1

Specimen
Right lung 105 66.0
Right upper lobe (RUL) 66 41.5
Right middle lobe (RML) 11 6.9
Right lower lobe (RLL) 18 1.3
RML + RLL 6 3.8
RUL + RLL superior segment 4 2.5
Left lung 53 33.3
Left upper lobe (LUL) 39 245
Left lower lobe (LLL) 13 8.2
LLL + LUL lingular bisegment 1 0.6
Bilateral lungs 1 0.6
RUL + lingula-sparing LUL 1 0.6

pneumonia (7able 3). We had a minor plus major respiratory
complication rate of 32.1%, with prolonged air leak being the
most frequent, occurring in 17.6% of our patients, followed
by pneumonia (10.7%) and mucus plugging requiring
bronchoscopy (8.2%).

The number of N2 LN stations assessed intraoperatively
differed from the number of N2 LN stations with actual LNs
reported by the pathologist (4.10.1 vs. 3.7+0.1 LN stations,
respectively). We had a mean number of 7.2+0.3 individual
N2 LNs retrieved. Our overall mean of N1 + N2 LN
stations reported was 5.6x0.1 LN stations, with a total of
13.4+0.4 individual N1 + N2 LNs (7able 4).

Clinical and pathologic staging are compared in
Tuble 1. Three-fourths of our cohort were clinical stage TA
or IB preoperatively. Postoperatively, the number of patients
with pathologic stage IA and stage IB was 60.4%, with the
most common pathologic stage being IA. There was one
clinical stage-IV patient with isolated brain metastasis that
was resected prior to subsequent pulmonary lobectomy.
Two clinical stage-IIIB patients had vertebral involvement
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Estimate blood loss (mL)° 150+26 (range, 25-2,800)

Skin-to-skin duration (min)° 17246 (range, 85-485)
Chest tube duration (days)” 4+0.5 (range, 1-36)
Hospital length of stay (days)® 5+0.4 (range, 2-33)

Intraoperative complications, n (%) 12 (7.6)

Bleeding 9 (5.7)
Bronchial injury 2(1.3)
Phrenic or recurrent laryngeal nerve 1 (0.6)
injury
Conversions total/conversion 14 (8.8)/7 (4.4)
emergent for bleeding, n (%)
Postoperative complications 62 (39.0)
Pulmonary complications 51 (32.1)
Prolonged air leak for =7 days 28 (17.6)
Pneumonia 17 (10.7)
Mucous plug 13 (8.2)
Aspiration 5(3.1)
Respiratory failure 4(2.5)
Hemothorax 4(2.5)
Cardiologic complications 24 (15.1)
Atrial fibrillation 19 (12.0)
Cardiopulmonary arrest 2(1.3)
In-hospital mortality 3(1.9)

®. median + SEM. SEM, standard error of the mean.

that required vertebral resection en bloc with pulmonary
lobectomy. Our overall upstaging rate was 30.2% (48/159).
The upstaging rate from clinical NO to pathologic N1
(cNO-to-pN1) and from cNO to pathologic N2 (cNO-to-
pN2) among our cohort was 8.2% and 8.2%, respectively
(Tible 5).

Discussion

With median skin-to-skin operative time of 172 min, median
EBL of 150 milliliters, overall conversion rate of 8.8%, and
emergent conversion rate of 4.4%, the major perioperative
outcomes from our cohort are comparable with what have

7 Thorac Dis 2016;8(9):2454-2463



Journal of Thoracic Disease, Vol 8, No 9 September 2016

Table 4 Description of lymph node stations explored and lymph
nodes reported

Assessed and reported” LN stations and LNs

Number of N2 stations assessed 4.1+0.1 (range, 2-7 stations)
Number of N2 stations reported  3.7+0.1 (range, 0-7 stations)
Number of N2 lymph nodes 7.2+0.3 (range, 0-26 LNs)
Number of N1 stations reported  1.9+0.1 (range, 1-3 stations)
Number of N1 lymph nodes 6.2+0.3 (range, 1-17 LNs)

Overall total N2 + N1 stations
reported

5.6+0.1 (range, 1-9 stations)

Overall total N2 + N1 lymph
nodes reported

13.4+0.4 (range, 1-33 LNs)

 mean = SEM. SEM, standard error of the mean; LNs, lymph
nodes.

Table 5 Changes in staging following robotic-assisted thoracoscopic
lobectomy and lymph node dissection

ggvsvt:izgoer TNM changes Number (%)
No changes - 92 (57.9)
Upstaged 48 (30.2)
cNO to pN1 13 8.2)
cNO to pN2 13 (8.2)
cN1 to pN2 4(2.5)
Changesin T 18 (11.3)
Downstaged 19 (11.9)
cN1 to pNO 2(1.3)
cN2 to pNO 6 (3.8)
Changesin T 11 (6.9)

TNM, tumor-nodal-metastasis status; cNO, clinical NO;
cN1, clinical N1; cN2, clinical N2; pNO, pathologic NO; pN1,
pathologic N1; pN2, pathologic N2.

been previously described for robotic-assisted lobectomy as
well as for conventional VATS and open lobectomy. Meta-
analysis of currently available literature on robotic-assisted
pulmonary lobectomy, including data from 326 patients,
showed a pooled average operative time of 215 min and
overall conversion rate of 9.4% (11). Lower conversion

rates (i.e., 3.3%) to open thoracotomy have been published
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after R-VATS lobectomy for early stage NSCLC (12).
However, we did not exclude patients with resectable
advanced NSCLC stages from our cohort of patients, and
bulky hilar lymphadenopathy did contribute to our overall
and emergent conversion rates to open lobectomy.

Our 1.9% mortality rate and median hospital LOS of
5 days are also similar to what have been published. The
meta-analysis of currently available literature on robotic-
assisted lobectomy, showed a pooled mortality rate of 2.1%
and hospital LOS of 6 days (11). A separate systematic
review of R-VATS lobectomy literature reported overall
morbidity rates from 10% to 39%, with perioperative
mortality rates from 0% to 3.8% (13). Mortality rates
reported in the literature for open and conventional VATS
approaches are 2.5% and 2.1%, respectively (14).

As with conventional VATS lobectomy, R-VATS
lobectomy has been associated with better postoperative
outcomes, including less postoperative pain, shorter
hospital LOS, and fewer complications, compared to open
lobectomy. Despite MIS having been shown to be beneficial
with respect to postoperative outcomes, only 30-45%
of pulmonary lobectomies are being performed using
conventional VAT'S. Limited visual field, 2-dimensional
visualization, lack of articulating thoracoscopic instruments,
lack of scaling down of movements, and non-intuitive
instrument movements relative to the surgeon’s hand
movements have contributed to the slow adoption of
conventional VATS (15). Since the introduction of MIS,
the debate regarding benefits, outcomes, and costs has
been addressed in multiple studies. In 2009, Yan er al., (16)
published a systematic review and meta-analysis of many
of these studies and concluded that conventional VATS
lobectomy for early-stage NSCLC may be a valid alternative
to open surgery if the procedure is performed in qualified
centers. Supporters of MIS now promote expanding the
use of conventional VATS (17) and R-VATS (13) to special
populations, such as to patients with advanced age (>70 years
of age) and patients with pulmonary compromise. Many
believe that R-VATS can be the new leading edge of the
paradigm shift toward minimally invasive thoracic surgery.

These limitations of conventional VAT instrumentation
contribute to an oncologic reason for the reluctance to adopt
conventional VAT'S for lobectomies, which is that MLND
may not be as adequate by MIS, such as by conventional
VATS, compared to that by the open approach (18).
However, R-VATS surgery may provide the precision
necessary to perform meticulous hilar and mediastinal LN
dissection. The data from our current study suggests that
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robotic-assisted surgery may help allay these concerns
about MLND during MIS for NSCLC. From our cohort,
99.4% of the patients had at least 1 mediastinal LN station
reported. In a study of >11.000 NSCLC patients treated
surgically, most of them with open lobectomy, only 57.8%
of patients underwent any MLND (19). Another review
suggested that only 40% of the lobectomy/bilobectomy
performed in the United States of America for lung cancer
had documented mediastinal LN assessment (20).

Inability to assess some LN stations is commonly due to
anatomic variation, possibility of combining anatomically
adjacent LN stations as one LN station, inadequate
instrumentation, inexperienced surgeons, and fear of
increasing morbidity and/or mortality to the procedure.
Watanabe, in one of his series, addressed this last concern
by showing that dissecting 3—4 mediastinal LN stations
did not add morbidity to the surgery. He reported a 3.5%
intraoperative complication rate, including a 1.5% recurrent
laryngeal nerve injury rate, 0.3% bilateral vagal injury rate,
1.4% chylothorax rate, and 0.3% airway injury rate (21),
which are comparable to rates previously published by
others.

Current guidelines suggest that assessment of 3 or more
N2 LN stations is the most important prognostic factor in
NSCLC staging (22). Of our robotic-assisted lobectomy
cohort, 98.1% (156/159) reached this goal. Pathology
confirmed that 88.7% (141/159) of our cases had more than
three N2 stations dissected. In a feasibility study performed
by Swanson and colleagues, 50% of patients who underwent
conventional VATS lobectomies included only <2 N2 LN
stations (23). Another series from the United Kingdom
reported that only 40-60% of conventional VATS cases
had =3 LN stations resected (24). D’Amico and colleagues
analyzed the National Comprehensive Cancer Network
(NCCN) NSCLC database and found that >3 mediastinal
LN stations were assessed in only 66% of patients in the
conventional VATS group and in only 58% of patients in
the open group (25).

Preference of LN sampling versus dissection is
dependent on the surgeon’s philosophy in terms of
adequacy of LN sampling for oncologic staging, while
completeness of LN dissection is dependent on the
surgeon’s experience and skill in terms of LN dissection
during a particular approach. We prefer to perform
lobectomies via a minimally invasive approach over
thoracotomy (95% vs. 5%) based on proven benefits of
MIS, and we prefer to perform anatomic lung resections

via the R-VATS approach over the conventional VATS
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approach (90% vs. 5%) due to the more precise hilar
dissection and lower conversion to thoracotomy afforded
by the robotic system and mediastinal dissection. During
the same time period as for this study, we performed
eight conventional VATS lobectomies without robotic-
assistance. The number of mediastinal LN stations
assessed and reported among our small cohort of
conventional VATS lobectomy cases were 3.3+0.2 and
2.8£0.3 N2 LN stations, respectively, compared to 4.1+0.1
and 3.7+0.1 N2 LN stations, respectively, for our R-VATS
cases. Also among our small cohort of conventional VATS
lobectomy cases, a mean of 6.8+1.6 individual mediastinal
LNs and a mean total of 11.8+1.6 individual N1 + N2 LNs
were retrieved, compared to a mean of 7.2 individual N2
LN retrieved and a total of 13.4 individual N1 + N2 LNs
among our R-VATS cohort.

In the NCCN NSCLC database study, the mean
number of N2 LN stations assessed by conventional VATS
was 3.2 N2 LN stations and 2.9 N2 LN stations by the
thoracotomy approach (25). In comparison, our mean total
of 4.1 N2 LN stations assessed and 3.7 N2 LN stations
reported with actual LNs dissected with R-VATS appears to
be greater. While the number of nodal stations assessed may
not differ significantly between R-VATS and conventional
VATS approaches, this similarity may be due to there being
only a small number of mediastinal nodal stations (2R, 4R, 3,
7, 8R, and 9R on the right; 5, 6, 7, 8L, and 9L on the left)
that can be assessed. In contrast, the number of individual
LNs assessed between R-VATS and conventional VATS
vary more widely due to the comfort and preference of the
surgeon and their technical ability (instrumentation and
experience) to perform nodal sampling versus complete
nodal dissection within confined mediastinal spaces.

A series of 543 cases from Denlinger and colleagues
showed that the mean total number of N1 + N2 individual
LNs dissected was 8.9 LNs in the thoracotomy group
and 7.4 LNs in the conventional VATS group, while the
number of individual N2 LNs dissected was 3.7 LNs in the
thoracotomy group and 2.5 LNs in the conventional VATS
group (26).

A previously reported overall upstaging rate for R-VATS
lobectomies was 21% in a multi-center study by Park, while
our overall upstaging rate was 30% (27). A comparative
review published showed that the nodal upstaging rate for
robotic-assisted resection (10.9%) appears to be superior
to conventional VATS and similar to thoracotomy when
analyzed by clinical T stage (28). Tiable 6 shows descriptive
upstaging rates for open, conventional VATS, and R-VATS
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Table 6 Published upstaging rates

Publication Approach Number of cases Nodal upstaging (%) Comment
D’Amico, et al. (25) Open 189 14.5 cNO to pN1/2
Sugi, et al. (29) Open 52 7.7 cNO to pN1/2
Boffa, et al. (30) Open 7,137 14.3 cNO to pN1/2
Watanabe, et al. (31) Open 159 30 cNO to pN1/2
Verhagen, et al. (32) VATS + Open 216 14 cNO to pN1/2
D’Amico, et al. (25) VATS 199 8.8 cNO to pN1/2
Sugi, et al. (29) VATS 48 6.3 cNO to pN1/2
Choi, et al. (33) VATS 1,067 15.9 cNO to pN1/2
Boffa, et al. (30) VATS 4,394 11.6 cNO to pN1/2
Watanabe, et al. (31) VATS 191 20 cNO to pN1/2
Wilson, et al. (28) Robotic VATS 302 10.9 cNO to pN1/2
Current study Robotic VATS 159 16.4 cNO to pN1/2

VATS, video-assisted thoracoscopic surgery; cNO, clinical NO; pN1/2, pathologic N1 or N2.

published in the literature (25,28-33). These upstaging rates
compare unfavorably to our 8.2% upstaging rate for cNO
to pN1 and 8.2% upstaging rate for ¢NO to pN2, with a
combined cNO-to-pN1/N2 upstaging rate of 16.4%. That
said, the highest level of ¢cNO to pN1/N2 upstaging that
we found in the literature was reported by Watanabe and
colleagues, with a 20% c¢NO-to-pN1/N2 upstaging rate for
conventional VATS and 30% for open thoracotomy (31).
However, in that series, the surgeons routinely performed
bilateral mediastinal LN dissection for each of their
unilateral lung resection cases.

The high percentage of overall pathologic upstaging
is likely due to more complete mediastinal LN dissection
than we would have been able achieve with either deliberate
LN sampling only or else inadequate LN dissection due to
limitations in visualization, instrumentation, or technical
experience with the conventional VATS approach. However,
several other factors, apart from use of the robotic surgical
system, might also influence the higher percentage of nodal
upstaging compared to the referenced literature, such as
inclusion of patients with higher stage tumors (such as stages
ITIA and higher), patients whose tumors required more
extensive resection (such as chest wall or vertebral resection),
patients with potentially more aggressive tumors (such
as neuroendocrine carcinomas), and lack of preoperative
mediastinal staging (such as by cervical mediastinoscopy or
EBUS) for more locally advanced tumors.

© Journal of Thoracic Disease. All rights reserved.
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Conclusions

Robotic-assisted pulmonary lobectomy is safe and effective,
with perioperative outcomes that are comparable to those of
conventional VATS lobectomy. Our perioperative outcomes
are also comparable to the scarce data available for robotic-
assisted lung surgery. Our numbers of N2 stations dissected
and of total LNs analyzed as well as our upstaging rates
demonstrate that hilar and mediastinal LN dissection during
R-VATS lobectomy for lung cancer effectively facilitates
detection of occult metastatic disease and is comparable,
if not at times better, than historic data published for
conventional VAT'S or thoracotomy approaches.
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