
Initial Multicenter Community Robotic Lobectomy
Experience: Comparisons to a National Database
R. Douglas Adams, MD,* William D. Bolton, MD, James E. Stephenson, MD,
Gavin Henry, MD, E. Todd Robbins, MD, and Eric Sommers, MD
Division of Thoracic Surgery, Owensboro Medical Health System, Owensboro, Kentucky; Division of Thoracic Surgery,
Greenville Memorial Hospital, Greenville, South Carolina; Department of Surgery, Saint Agnes Hospital, Baltimore, Maryland;
Division of Thoracic Surgery, Baptist Memorial Hospital, Memphis, Tennessee; and Department of Surgery, Tampa General Hospital,
Tampa, Florida
Background. In pulmonary lobectomy, video-assisted
thoracoscopic surgery (VATS) offers advantages com-
pared with open thoracotomy. However, various issues
have limited its adoption, especially in community set-
tings. Single surgeon studies suggest that completely
portal robotic lobectomy (CPRL) may address such limi-
tations. This multicenter study evaluates early CPRL
experience in 6 community cardiothoracic surgeons’
practices.

Methods. Perioperative data from each surgeon’s
initial 20, consecutive and unselected cases of CPRL were
retrospectively gathered (total n [ 120) and compared
with the 2009 and 2010 Society of Thoracic Surgeons
database for VATS (n [ 4,612) and open (n [ 5,913) lo-
bectomy. The c2 and t test procedures were used and
significance was defined at the 95% confidence level
(p < 0.05).

Results. One hundred sixteen lobectomies (96.7%)
were completed robotically with a conversion rate
of 3.3%. Preoperative patient characteristics were
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comparable across the CPRL, VATS, and open groups.
The CPRL was equivalent to VATS on all intraoperative
and postoperative outcomes, and resulted in significantly
lower postoperative blood transfusion rates (0.9% vs
7.8%; p [ 0.002), air leaks greater than 5 days (5.2% vs
10.8%; p [ 0.05), chest tube duration (3.2 days vs 4.8 days;
p < 0.001), and length of stay (4.7 days vs 7.3 days;
p < 0.001) when compared with open. For these outcomes,
results trended favorably for CPRL over VATS.
Conclusions. This early CPRL experience reveals a

minimally invasive lobectomy technique that is safe and
reproducible in varied practice settings. Outcomes were
equivalent between CPRL and VATS, trending in favor
of robotics. The CPRL was superior in several measures
compared with open. The absence of patient selection
and low conversion rates suggest a broad applicability of
this technique.

(Ann Thorac Surg 2014;-:-–-)
� 2014 by The Society of Thoracic Surgeons
ndoscopic pulmonary lobectomy through video-
Eassisted thoracoscopic surgery (VATS) has been
shown to be safe and efficacious and to offer patient
outcome advantages over open thoracotomy [1–6].
Despite these benefits, adoption of VATS for lobectomy
has been limited, particularly among community-based
surgeons. Reports from studies of large case series and
literature reviews show that between 20% and 39% of
patients enjoy the benefits of this minimally invasive
offering [7, 8]. Equipment, visualization, personnel, pro-
cedural standardization, and training issues, as well as a
prolonged learning curve of 40 to 50 cases, are some of the
factors contributing to this gap [9–12].
Several studies suggest that completely portal robotic
lobectomy (CPRL), a more recent minimally invasive
platform, may address some of these drawbacks and
reduce the procedural learning curve to approximately
20 cases [13–18]. However, broad, multisurgeon appli-
cation of such new technology, with inherent differ-
ences in training and practice can be problematic.
Integration can be especially difficult in the community
setting where many lobectomies are performed, but
individual surgeon volumes and experience are highly
variable.
This multicenter study evaluates the early stage

of integration of CPRL into 5 community cardiotho-
racic practices. Technical feasibility and patient out-
comes during adoption are assessed by comparison
of perioperative clinical CPRL data with that of the
established standard of VATS and open thoracotomy
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lobectomy recorded in the Society of Thoracic Surgeons
(STS) General Thoracic Surgery national database.
Fig 1. Right side view of port placement for 4 arm CPRL procedure;
a¼ anterior dissecting arm (8-mmport), b¼ camera arm (12-mmport),
c ¼ posterior dissection arm (8-mm port), d ¼ retracting arm (5- or
8-mm port), and e ¼ intercostal accessory port (12- or 15-mm port).
Patients and Methods

Institutional Review Board approval was granted at all
sites participating in this study. Information about the
study subjects was kept confidential and managed ac-
cording to the requirements of the Health Insurance
Portability and Accountability Act of 1996. Access to pa-
tient records was limited to the study investigators and
investigator-delegated study coordinator. A study specific
informed consent waiver for retrospective data collection
was granted by the Institutional Review Boards upon
approval of the study at each site.

Sixboard-certifiedcardiothoracic surgeons incommunity-
based, nonacademic practices (situated in Owensboro,
KY; Greenville, SC; Baltimore, MD; Memphis, TN; and
Tampa FL) agreed to participate in this study. They
were selected on the basis of the following: (1) simi-
larity of training and technique; (2) familiarity of the
study designer with volume, training, and technique;
and (3) a diversity of prerobotic practice characteristics.
Practices included mixed cardiothoracic as well as tho-
racic patients. All surgeons had experience with VATS
and open thoracotomy, but varied in their application.
These surgeons had been in practice from 5 to 28 years,
during which time their annual lobectomy volume var-
ied from 30 to greater than 100 procedures. Training in
the 4-arm CPRL was along a standardized pathway and
included on-site and remote robotic instruction, early
case proctoring, a graded case assumption, and the
availability of “remote” on-going support.

Subsequently, CPRL was offered to all candidates in
these practices with pulmonary lesions requiring lobec-
tomy; no selection criteria were used. However, to eval-
uate feasibility and compare perioperative outcomes,
clinical stage T3 and T4 cancer patients were excluded.
Each surgeon provided data on his first 20 consecutive
CPRL patients (total n ¼ 120), after excluding those with
clinical stage T3 or T4 disease (n ¼ 8). These robotic
lobectomies were conducted between January 2010 and
September 2012. Due to the inherent difficulties in cross-
institutional cost comparison, this aspect of robotics was
not evaluated.

Surgical Technique
Robotic lobectomies were performed totally endoscopi-
cally using the da Vinci Si Surgical System (Intuitive
Surgical, Inc, Sunnyvale, CA). The surgeon operates
while seated at a console, viewing a three-dimensional,
magnified, high-density image of the surgical field. This
technology translates a surgeon’s hand and foot pedal
movements into real-time movements of the surgical in-
struments inside the patient, and hand tremors are
filtered out.

In this study all procedures were performed utilizing 3
operating arms and 1 camera arm. Port placement (see
Fig 1) was based on internal anatomy with the camera
(Fig 1b) placed 1 interspace below the oblique fissure at
the anteroposterior midpoint of the chest. The anterior
(Fig 1a) and posterior (Fig 1c) dissecting arms were placed
in interspaces 9 to 10 cm directly anterior (apex of the
oblique fissure) and 9 to 10 cm directly posterior (mid-
body of the lower lobe) to the camera arm. The third
operating arm (Fig 1d) was inserted 2 interspaces above
and posterior to the posterior dissecting arm (slightly
below the posterior apex of the oblique fissure) with 9
to 10 cm spacing from this posterior dissecting arm.
Dissection of the lobe and lymph nodes was carried out
with various robotically controlled instruments. A 12- or
15-mm accessory port (Fig 1e), necessary for introduction
of staplers in a totally endoscopic procedure,wasplaced just
above the costal margin. Stapling and specimen retrieval,
using an endoscopic bag, were performed at this site by
a tableside assistant. Carbon dioxide insufflation was
employed in all cases with pressures ranging from 8 to
18 mmHg.
Data Collection
Perioperative data for the robotic lobectomies were
retrospectively collected from medical records using a
standardized data collection form. A lead study coordi-
nator and a trained nurse assistant completed all data
abstraction at the 5 practice sites. Variables and their
definitions were comparable with those collected for the
STS General Thoracic Surgery national database, version
2.081 [19].
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Preoperative patient characteristics collected include
age, gender, body mass index, current and past smoking
status, forced expiratory volume in 1 second (FEV1)
percent predicted value, diffusing capacity of the lung for
carbon monoxide (DLCO) percent predicted value, Amer-
ican Society of Anesthesiologists status, cancer findings,
and clinical staging. Clinical staging of lung cancer was
done in accordance with the American Joint Committee
on Cancer, 7th Edition [20].

Intraoperative variables collected were operative time
(minutes from procedure start to procedure end including
robotic docking), estimated blood loss, blood transfusion,
complications, conversion of robotic procedure to open
lobectomy by thoracotomy (and reasons), tumor size and
location, pathologic staging, results of lymph node sam-
pling or dissection, and operating room death. Post-
operative data and clinically significant complications
through 30 days were similar to those collected in the STS
database. The outcomes presented in this study include
initial ventilatory support greater than 48 hours, blood
transfusion, bleeding requiring reoperation, chest tube
duration, air leak greater than 5 days, atrial arrhythmia
requiring treatment, acute respiratory distress syndrome,
pneumonia, reintubation, discharged with chest tube, un-
expected admission to the intensive care unit, unexpected
return to the operating room, length of hospital stay, and
30-day mortality. As no data on these parameters or even
specific conversion rate data were available for the STS
patients, data from subjects who underwent conversion
were excluded from further analysis of outcomes. There
were no mortalities or major morbidity in these patients.

Statistical Analysis
The combined perioperative robotic data were compared
with the 2009 and 2010 STS national database for VATS
and open lobectomy, excluding the clinical stage T3 and
T4 cases. Data were generally described using means and
standard deviations for continuous measurements and
percentages for discrete (nominal or ordinal) variables.
Statistical comparisons between CPRL versus VATS and
CPRL versus open thoracotomy patients were done using
the t test and c2 procedures. When it was determined that
variances for the comparisons of continuous data were
unequal, Welch-Satterthwaite t test statistics were calcu-
lated instead of the Pearson. The Fisher exact test was
employed when any of the expected frequencies in a c2

table was 5 or less. All tests were 2-sided with criterion for
statistical significance at a p value less than 0.05.
Results

The total number of VATS and open thoracotomy pro-
cedures available for comparative analysis were 4,612 and
5,913, respectively. As discussed, these lobectomies did
not include clinical stage T3 and T4 cancers and were,
thus, comparable with the CPRL data.

The patient mix across the 3 surgical groups was
similar on age, gender, body mass index, current and
past smoking status, DLCO percent predicted value, and
clinical tumor stage (Table 1). The FEV1 percent predicted
value was equivalent between the CPRL and open
groups, but significantly lower for patients who under-
went CPRL compared with VATS. The CPRL group had a
significantly higher proportion of patients with ASA sta-
tus 3 or greater compared with the VATS group.
Of the 120 CPRL surgeries attempted, there were 4

conversions (3.3%) to open thoracotomy. Conversions
were undertaken for bleeding (n ¼ 1), patient anatomy
(n ¼ 2), and technical issues (n ¼ 1).
Operative time was significantly greater for robotic lo-

bectomy by just over an hour compared with the other
approaches (Table 2). Mean estimated blood loss (130 �
103.4 mL) was low during CPRL and the proportion of
intraoperative blood transfusions did not differ between
robotic and VATS techniques. Although blood trans-
fusion during surgery was infrequent, a greater percent-
age of patients who underwent open thoracotomy
compared with CPRL procedures received blood trans-
fusions, but this difference was only of borderline statis-
tical significance.
Pathologic tumor stagewas comparable between robotic

and the other 2 approaches (Table 2). Nodal evaluation
included recording both stations and number of nodes
collected. The mean number of stations collected was 4.1
(1.5 N1 and 2.6 N2). The mean number of nodes collected
was 10.1, ranging from 0 to 35. No comparative data from
the STSdatabasewere available. The only operating rooms
deaths occurred during open thoracotomy.
Postoperative complications and outcomes were gen-

erally similar between CPRL and VATS patients (Table 3).
Hospital length of stay was an exception where duration
was 1.4 days less in patients who had the robotic proce-
dure, but the difference was of borderline statistical
significance. Comparisons between robotic and open
approaches showed that incidence of air leak greater than
5 days was 2 times greater in the thoracotomy cohort, and
blood transfusion was required significantly more often
in thoracotomy patients. Chest tube duration was 1.6 days
longer and hospital stay 2.6 days longer, in the group that
underwent open compared with CPRL surgery.
Comment

These data on early experience with CPRL reveal a totally
endoscopic, minimally invasive lobectomy technique that
is safe and reproducible in varied community practice
settings. From a results standpoint, CPRL demonstrated
statistically equivalent clinical outcomes when com-
pared with the established minimally invasive platform of
VATS. In several areas such as rate of postoperative
blood transfusion, duration of chest tube, prolonged air
leak, and hospital length of stay, trends favored CPRL
but did not achieve statistical significance. For these
outcomes, CPRL was superior to lobectomy by open
thoracotomy.
Advantages of the robotic platform and completely

portal technique that may account for these results in
our surgeons’ early experience include precision instru-
mentation, three-dimensional visualization of anatomic
structures, and procedural standardization, all aspects of



Table 1. Preoperative Patient Characteristics

Variablea
CPRL

(n ¼ 120)
VATS

(n ¼ 4,612)
Open

(n ¼ 5,913) p Valueb p Valuec

Age (years) 64.6 � 10.5 66.2 � 11.3 65.0 � 12.1 0.13 0.66
Sex 0.41 0.71

Male 58 (48.3) 2,053 (44.5) 2,961 (50.1)
Female 62 (51.7) 2,559 (55.5) 2,952 (49.9)

Body mass index (kg/m2) 27.1 � 5.5 27.3 � 5.9 27.9 � 6.6 0.60 0.11
Current smoker 34 (28.3) 1,069 (23.2) 1,521 (25.7) 0.19 0.52
Ever smoked 102 (85.0) 3,683 (79.9) 4,804 (81.2) 0.16 0.30
FEV1 % predictedd 79.1 � 19.0 84.1 � 21.1 80.4 � 20.2 0.03 0.56

N 90 4,241 5,325
DLCO % predictede 73.1 � 28.8 76.1 � 22.2 73.6 � 21.8 0.39 0.89

N 70 3,497 3,987
Clinical tumor stagef 0.24 0.42

T1a 51 (46.4) 1,861 (49.0) 1,861 (39.0)
T1b 24 (21.8) 947 (24.9) 1,060 (22.2)
T2a 27 (24.5) 844 (22.2) 1,428 (29.9)
T2b 8 (7.3) 144 (3.8) 419 (8.8)

ASA statusg 0.006 0.04
1, 2 12 (10.0) 1023 (22.2) 969 (16.4)
3 98 (81.7) 3280 (71.1) 4201 (71.0)
4, 5 10 (8.3) 309 (6.7) 743 (12.6)

a Categoric data are shown as n (%); continuous variables are shown as mean � standard deviation. b Between CPRL and VATS. c Between CPRL
and open. d Among patients who had the FEV1 test performed. e Among patients who had the DLCO test performed. f Total sample size
available for analysis of this parameter excludes >10% subjects with missing data. g Status 1 and 5 ranged from 0% to 0.6% across procedures, so these
were combined with scores 2 and 4, respectively.

ASA ¼ American Society of Anesthesiologists; CPRL ¼ completely portal robotic lobectomy; DLCO ¼ diffusing capacity of the lung for carbon
monoxide; FEV1 ¼ forced expiratory volume in 1 second; VATS ¼ video assisted thoracoscopic surgery.
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VATS procedures that are cited as potential barriers to
adoption [12, 21, 22].

Further, the very low incidence of conversion to open
thoracotomy (4 of 120 ¼ 3.3%) suggests a broad applica-
bility of this totally endoscopic, robotic platform. The
VATS conversion rates have been noted to vary from
2.5% [6] in the hands of a confirmed expert to 24% in other
series, with a median of 8.1% [23]. The range of reported
conversion rates for robotic procedures is similar, 1.5% to
Table 2. Intraoperative Parameters

Parametera
CPRL

(n ¼ 116)
VATS

(n ¼ 4,612

Operative time (min) 241.5 � 64.9 179.8 � 78
Blood transfusion 1 (0.9) 62 (1.4)
Pathologic tumor staged

T1a 40 (39.2) 1,493 (39.9
T1b 17 (16.7) 779 (20.8
T2a 34 (33.3) 1,152 (30.8
T2b 4 (3.9) 178 (4.8)
T3 or greater 7 (6.9) 138 (3.7)

Death in operating room 0 (0) 0 (0)

a Categoric data are shown as n (%); continuous variables are shown as mean �
and open. d Total sample size available for analysis of this parameter exclu

CPRL ¼ completely portal robotic lobectomy; VATS ¼ video assisted thor
19.2% (mean of 9.4%), where the lowest rate is also that of
an acknowledged expert in the field [24].
Studies comparing clinical outcomes of robotic lobec-

tomy to either VATS or open thoracotomy procedures
have found results similar to those in the present study.
Louie and colleagues [14] compared clinical outcomes
from their initial robotic lung resection surgeries with
outcomes from VATS lobectomy by experienced VATS
surgeons and found similar blood loss, minor and major
)
Open

(n ¼ 5,913) p Valueb p Valuec

.3 175.5 � 84.2 <0.001 <0.001
281 (5.0) 1.0 0.07

0.43 0.17
) 1,428 (30.4)
) 913 (19.4)
) 1,582 (33.6)

453 (9.6)
329 (7.0)

2 (0.0004) 1.0 1.0

standard deviation. b Between CPRL and VATS. c Between CPRL
des >10% subjects with missing data.

acoscopic surgery.



Table 3. Postoperative Complications and Outcomes

Outcomea
CPRL

(n ¼ 116)
VATS

(n ¼ 4,612)
Open

(n ¼ 5,913) p Valueb p Valuec

Initial vent support >48 hours 0 23 (0.5) 61 (1.0) 1.0 0.63
Air leak >5 days 6 (5.2) 408 (8.9) 634 (10.8) 0.17 0.05
ARDS 2 (1.7) 23 (0.5) 76 (1.3) 0.13 0.66
Atrial arrhythmia requiring treatment 10 (8.6) 426 (9.3) 713 (12.1) 0.81 0.25
Blood transfusion 1 (0.9) 172 (3.8) 458 (7.8) 0.13 0.002
Bleeding requiring reoperation 1 (0.9) 48 (1.0) 66 (1.1) 1.0 1.0
Chest tube durationd (days) 3.2 � 4.0 3.7 � 8.8 4.8 � 4.0 0.18 <0.001

Ne 115 3,975 5,068
Discharged with chest tubed 5 (4.3) 360 (8.2) 409 (7.2) 0.14 0.24
Pneumonia 2 (1.7) 134 (2.9) 299 (5.1) 0.77 0.13
Reintubation 4 (3.4) 103 (2.2) 277 (4.7) 0.34 0.66
Unexpected return to OR 7 (6.0) 146 (3.3) 252 (4.4) 0.10 0.41
Unexpected admission to ICU 6 (5.2) 147 (3.2) 287 (4.9) 0.24 0.90
Mortality at 30 days postoperative 0 40 (1.0) 119 (2.2) 0.63 0.18

Ne 114 4,140 5,361
Hospital length of stay (days) 4.7 � 3.1 5.3 � 7.1 7.3 � 7.6 0.07 <0.001

a Categoric data are shown as n (%); continuous variables are shown as mean � standard deviation. b Between CPRL and VATS. c Between CPRL
and open. d Among patients with chest tube used. e Total sample size available for analysis of this parameter excludes >10% subjects with missing
data.

ARDS ¼ acute respiratory distress syndrome; CPRL ¼ completely portal robotic lobectomy; ICU ¼ intensive care unit; OR ¼ operating
room; VATS ¼ video assisted thoracoscopic surgery.
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morbidity, and intensive care unit and hospital stay be-
tween the 2 techniques. In a matched study design, Kent
and colleagues [8] found no statistically significant dif-
ferences between robotic and VATS procedures in mor-
tality, complication rates, and length of hospital stay, but
trends favored the robotic approach. Likewise, a 2013
study by Augustin and colleagues [25] did not demon-
strate significant differences in outcomes between robotic
and VATS lobectomy cases other than change in hemo-
globin in the perioperative period.

In a study of propensity-matched patients, Veronesi and
colleagues [16] showed that robotic lobectomy was safe,
feasible, and associated with a shorter hospital stay when
compared with open thoracotomy. In a 2011 study of
matched patients, Cerfolio and colleagues [13] demon-
strated that robotic compared with open procedures were
associated with lower complication rates (27% vs 38%),
a trend toward lower mortality (0% vs 3.1%), and shorter
hospital stays (2.0 vs 4.0 days), respectively. Also reported
were significantly less blood loss (35 mL vs 90 mL)
and shorter chest tube duration (1.5 vs 3.0 days). In a re-
cent study of propensity-matched patients who underwent
anatomic pulmonary resection [8], findings paralleled
those noted above; when compared with open thora-
cotomy, robotic procedures demonstrated significant re-
ductions in mortality (0.2% vs 2.0%), length of stay (5.9 vs
8.2 days), and overall complication rates (43.8% vs 54.1%).

Operative time was longer for CPRL than both VATS
and open thoracotomy by approximately 1 hour. This
finding was anticipated given that our study included
each surgeon’s early experience (first 20 cases) with
CPRL. An accurate comparison of operative times be-
tween robotic-assisted lobectomy and VATS or open
thoracotomy can only be achieved at proficiency with
each approach beyond the learning curve. The longer
operative time did not appear to have a negative impact
on the outcomes in this early, multicenter experience. In
their study of the transition from open to robotic lobec-
tomy, Oh and colleagues [26] also reported significantly
longer operative time with the robotic procedures.
However, they showed that robotic operative time
decreased with experience; the latter half of their robotic
surgeries were within 20 minutes of the open cases. Other
studies [16, 27] have similarly found that operative time
diminished significantly with experience. In contrast,
Louie and colleagues [14] demonstrated comparable
operative times between their initial robotic lobectomy
series and VATS by experienced VATS surgeons (213 vs
208 minutes, respectively).
Oncologic soundness, as measured by completeness of

resection and lymph node evaluation, appeared favorable
with completely portal robotic resection. In this evalua-
tion of early experience with CPRL, average total number
of lymph node stations sampled or dissected was 4.1 and
the average number of total lymph nodes resected was
9.4. These values are consistent with literature-defined
norms for this aspect of anatomic lobectomy.
Limitations of this study include the retrospective,

nonmatched nature of the comparisons in addition to
the relatively small size of the CPRL cohort compared
with the VATS and open thoracotomy lobectomy co-
horts from the 2009 and 2010 STS General Thoracic
Surgery database. The methodologic significance of the
voluntary nature of the STS database and difficulties
with its quality control and standardization cannot be
assessed.
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In conclusion, this study demonstrated successful,
safe, and effective application of a totally endoscopic,
completely portal robotic lobectomy technique in a va-
riety of community practice settings. Perhaps most
powerfully are the varied backgrounds that these sur-
geons brought to the effort. Clinical background, surgical
volume, team composition, and many other variables
differed significantly among the surgeons; yet, each was
able to successfully incorporate the technology into his
practice. Completely portal robotic lobectomy appears to
be a minimally invasive platform with which community
surgeons can generate outcomes equivalent to VATS and,
in some cases, statistically superior to open techniques.
Such outcomes can be accomplished early in a surgeon’s
experience and in the vast majority of lobectomy candi-
dates with minimal need to convert to thoracotomy.
These findings suggest a broad applicability of the tech-
nology with a relative ease of adoption and therefore a
greater proportion of patients undergoing a successful
minimally invasive procedure. While it is assumed that
reduction in surgical time should accompany increasing
facility and experience with the technology, larger and
longer prospective comparative studies are warranted to
further evaluate CPRL on this and other issues.

The funding for this study was provided by Intuitive Surgical,
Inc. The authors would like to acknowledge Shawn Sams, RN,
BSN, for her assistance with data collection, Cindy Bornander,
PhD, for data analysis, and Ali Andreasen, MD and Helen
Hubert, MPH, PhD, for their support with manuscript
preparation.
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DR ROBERT CERFOLIO (Birmingham, AL): Doug, congratula-
tions on your presentation. One thing, and my friend, Dr
Howington, is coming behind me, is I do agree with him that
length of stay, chest tube management, that’s all culture. My
thoracotomies don’t get epidurals, don’t go to the ICU [intensive
care unit], get their tubes out early by POD [postoperative day]
1 or 2 go home in 3 days. So that doesn’t impress me. But the
blood loss in robotics is almost always less, in every paper less.
And forget the statistics, just look at the videos and see how the
operation is being done. It’s not blunt and using a sucker and
sweeping; it’s meticulous dissection with a bipolar. So, will you
comment on that first.

And my second question is about mortality, the operative
technique, because you did a lot of VATS lobes and you are now
doing robotics. I continue to see a lower mortality with robotic
lobe compared to VATS lobe; is that real or just center excellence
we are seeing.

DR ADAMS: I did all 3 techniques.

DR CERFOLIO: What made you switch?

DR ADAMS: Our experience with VATS, which preceded ro-
botics by about 2 years, was a very frustrating experience for a
number of reasons. Technical for sure and some of our limitation
may have been the operating room personnel. Also, we never
appreciated a significant outcomes difference between that and a
muscle-sparing thoracotomy, and, quite honestly, it was just
easier to do the thoracotomy.

DR CERFOLIO: But to be fair to the world experts like guys
behind me who are going to say a VATS [video-assisted thoracic
surgery] lobectomy is great and in many hands it’s true, but I
think it’s more difficult to learn.

The second thing is mortality. The first time I saw this, I said,
well, maybe it doesn’t matter. But now I see report after report
after report, when you look at RATS [robot-assisted thoracic
surgery], a word that should be abandoned, that is what Dr
Howington talked about in the last question, that is not a CPRL-4
[completely portal robotic lobectomy]. That’s the big difference.
And I want to make a point on that. A CPRL-4 is a completely
portal robotic operation. There is no access port, there is no cold
ambient air, which is supposed to be 72 degrees and it’s often 68
degrees in the operating room interfacing on a lung that is 98
degrees. And so although the morbidity is the same, that ability
to do a completely portal I’m convinced is the advantage of the
robot, where I can pump in warm humidified air. If patients get
pneumonia, they don’t die, if patients get bowel problems, they
don’t die, because they have less third spacing. We are putting in
warm humidified air and they don’t get that third spacing.

Will you comment on the difference between a CPRL-4 and a
RATS so when Dr Howington’s papers come out we can say,
great, but it doesn’t matter; we don’t do RATS, we do CPRL-4?

DR ADAMS: I will comment on three aspects. First of all, blood
loss. We have gathered the data on these surgeons over the
course of the last 2 years, and I can tell you that although it is low
in this initial series (median of 100c), it decreases even further in
the second, that will be presented at the STS; you will see a
difference as we move through the learning curve.

As far as mortality, our own hospital mortality with muscle-
sparing thoracotomy in evaluating over 300 patients preceding
this robotic series was 3%; within expected norms for open
thoracotomy. Our practice mortality with robotics since we
started in 2009 has been one 30-day mortality in the course of
200þ patients, less than 0.5%. Further, anecdotally, the breadth of
patients on whom we are operating is considerably broader as
we are offering resection to less physiologically ideal patients.
And thirdly, as far as the technique, one of the things that

impressed me most about Dr Swanson’s 2007 paper was that it
took a myriad of techniques that had been presented from 1992
forward and standardized it. It emphasized that there is a lot
value in terms of maintaining a purely endoscopic approach.
That’s where many of the advantage[s] come in. I would echo
that. Robotics is a totally endoscopic procedure that is highly
transferrable and highly reproducible.

DR JOHN A. HOWINGTON (Evanston, IL): First off, Cerf, I’ve
got to correct you. You are insufflating CO2, not air. Otherwise
your patients would blow up with sub Q air.
First, a caution. I think to say with any platform, RATS, VATS,

whatever, that 20 cases is your learning curve is a mistake. You
don’t have surgeons thinking that 5 different lobes, anatomic
variability. We saw that yesterday. So a caution to people that
think that I’m an expert after I have done 20 cases.

DR ADAMS: Agreed, absolutely.

DR HOWINGTON: And because you limited it to the first 20
cases, I can tell you that I was so nervous and so cautious in my
first 20 I didn’t get into any trouble. Once I got confident, cocky,
that’s when I got in trouble.
Second, blood loss. Again, it’s culture and what we choose to

do. If you looked at the videos that Seth showed or the video
from David Jones, you can do an energy-based dissection and it
can be bloodless; it can be 20 milliliters. And that’s anesthesia
calling it. They put it into the computer now. So that’s not a
category.
What is, and I will give you credit, we have failed as VATS

surgeons, and I have been involved with teaching courses, of
transferring that knowledge. And I will give you that; you have
been able to transfer the knowledge better than we have. But in
my mind, it’s not VATS versus RATS. It’s doing minimally
invasive rather than open thoracotomy. Quit cutting people in
half to take a T1a lesion out.
Thank you.

DR ALLAN PICKENS (Atlanta, GA): I would like to add a
comment from the podium. Don’t you think that the advance-
ments in minimally invasive thoracic surgery that were made
with thoracoscopy have aided in the propagation of robotic
procedures? When you talk about the penetrance of robotics into
the community being much easier than thoracoscopy, a lot of the
tools that you are using in robotics were developed for thor-
acoscopy. As we compare these 2 techniques, we must recognize
that thoracoscopy paved the way for robotic thoracic surgery.

DR ADAMS: I would agree to some degree with that. I think the
wristed instrumentation is obviously significantly different than
at least the thoracoscopic instruments I had, as is the visualiza-
tion, the ability to magnify the field, zoom in, etc. Robotics is a
natural technologic extension of a minimally invasive video-
assisted platform. That’s the overarching point that I think
myself and other individuals involved in teaching this are trying
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to make; this is the next logical technologic step, enhancing
technology if you will, to facilitate a broader application of
endoscopic lobectomy by a greater number of surgeons.

DR PICKENS: I agree with your comments; however, I still
think placing staplers, having specialty staplers to get around
vessels, and other tools for minimally invasive thoracic surgery
were developed with thoracoscopy. If robotic thoracic surgery
was introduced back in the 1990s when thoracoscopy hit the
market, I think it would have the same slow progression into
practice.

DR ADAMS: Fair enough.

DR PICKENS: That’s my only point for making the comment.

DR JOSHUA ROBERT SONETT (New York, NY): The same
idea. John was right. The big paradigm was going from open to
minimally invasive, and, to me, whether it’s minimally invasive,
thoracoscopic, if you do it well, or robotic, either way you have to
invest the time. Now, for a while people were not investing the
time, just like a new computer program, be it Apple or PC. You
have to invest the time to get good at it, and you showed a good
teaching program when you invested the time in teaching.
I would also say that the data that everybody is propagating
about the penetrance of minimally invasive lobectomy is wrong
now, just like the mediastinoscopy data that Cerf showed was
wrong; everybody is saying 20% of mediastinoscopies didn’t get
any nodes and stuff. Now I’d say the STS database, if you look at
it now, 70% of early stage tumors, stage I tumors, are done
thoracoscopically.
So, please, don’t propagate this business that it’s 20 or 30%

anymore. If you go out there in the community, or certainly in the
northeast, 70 to at least 80% of the early lung cancers are done
thoracoscopically. So the penetrance is much, much higher,
because the foot dragging has stopped. I think it’s pretty much
coming close to the gold standard is some type of minimally
invasive lobectomy for early stage lung cancer, and hopefully we
will all improve our techniques to keep on getting better.
Thanks.

DR ADAMS: In response to that, I certainly hope so, although
the data to support VATS penetration of 70% remains to be
published. The point is a minimally invasive approach and I
think a rising tide lifts all boats. If robotics simply raises the
visibility and the importance of a totally endoscopic approach,
thereby pushing the application of that technique, be it robotic or
VATS, I think it has accomplished a tremendous amount.
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