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Abstract
Credentialing processes for surgeons seeking robotic thoracic surgical privileges are not evidence-based, and the learning 
curve has not been reported. The goal of this study is to review our experience with robotic lobectomies and provide evidence 
for the development of a more uniform credentialing process. We performed a retrospective review of the first 272 consecutive 
robotic lobectomies performed between 2011 and 2017 by a single surgeon with prior video-assisted thoracoscopic (VATS) 
experience. Primary outcomes were operative duration, blood loss, chest tube duration, length of hospital stay, intraopera-
tive complication, and conversion to thoracotomy. The patients were subdivided by surgical date into two cohorts of 120 
consecutive patients to compare differences in outcomes, thereby illustrating the learning curve. Between 2011 and 2017, 272 
patients (median age 67.5 years) underwent a robotic lobectomy by a single surgeon. The majority of patients (157/272) had 
early stage (T1N0) adenocarcinoma. For the entire cohort, median operative time was 160 min (83–317 min). The median 
blood loss was 75 mL (10–4000 mL). Median chest tube duration was 2 days (1–23 days) and median hospital stay was 
3 days (1–25 days). Intraoperative complications occurred in seven patients. Only six patients required conversion to thora-
cotomy. Using multivariable logistic regression, it was found that the age, gender, and stage do not factor into conversion to 
thoracotomy, but BMI was found to be a significant covariate (p 0.043). As the surgeon performs more surgeries, there is a 
significantly shorter operative time (p < 0.001), decreased blood loss (p < 0.001), and shorter hospital stay (p < 0.014). When 
the first 120 and last 120 surgeries were compared, there was significantly less blood loss (234.6 vs 78.69 cc, p < 0.001), 
shorter operative time (181.9 vs 147.4 min, p < 0.001), shorter tube duration (3.49 vs 3.11 days, p 0.007), and shorter length 
of stay (4.03 vs 3.48 days, p < 0.001), respectively. More intraoperative complications were observed during the first 120 
surgeries (6/120) compared to the last 120 surgeries (0/120; Fischer exact p = 0.029). Regression model plots did not show 
any apparent and significant change points, but rather a steady improvement. The more cases the surgeon does, the better 
is the outcome in terms of operative duration, blood loss, post-operative length of stay and intraoperative complications. 
The learning curve for robotic surgery for a surgeon with prior VATS experience is that of a continuous improvement with 
experience instead of a particular change point. Since most thoracic surgeons who perform robotic-assisted surgery have 
already gotten past their VATS learning curves, they no longer have a definable learning curve for robotic surgery. Hence, 
if a surgeon is already proficient and credentialed to perform VATS lung resections, he or she is no longer faced with a 
significant learning curve for robotic lung resections, and should be credentialed to do so once he or she has undergone the 
appropriate training with the equipment and technology.
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Introduction

Minimally invasive lobectomy has now been accepted as 
the standard of care for early stage non-small cell lung can-
cer. As compared to open thoracotomy, minimally invasive 
lobectomy has been proven to offer equivalent long-term 
oncologic results yet is associated with shorter recovery and 
length of stay, decreased blood loss, and atrial fibrillation 
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[1]. However, despite these proven advantages, in 2008, 
according to the Society of Thoracic Surgeons (STS) data-
base, only 30% of lobectomies were being performed using 
a minimally invasive approach [2]. Nationwide, this pro-
portion was even lower. Of these minimally invasive lobec-
tomies, only a minority were performed robotically. The 
majority were being done by thoracoscopy (VATS). In a 
similar analysis based on the European Society of Thoracic 
Surgeons database published by Falcoz et al. the proportion 
of minimally invasive lobectomies steadily increased from 
1% in 2007 to 23% in 2013 [3].

Indeed, utilization of robotics in pulmonary resection 
remains in its infancy, but its adoption is now steadily 
increasing due to its many technological advantages. Com-
pared to thoracoscopy (VATS), robotic surgery offers the 
advantages of three-dimensional visualization, superior 
visual optics, improved maneuverability in a confined space 
and more dexterous instrumentation. Although oncologic 
equivalence or superiority of robotic vs thoracoscopic sur-
gery has not been proven, according to a study published by 
Oh et al., the use of robotic technology when performing a 
lobectomy was associated with lower blood loss, conver-
sion rates, and post-operative complications as compared to 
VATS [4]. The use of robotics in lobectomy increased from 
8 to 18% between 2011 and 2015 as per the Premier Health-
care Database. As robotic technology evolves and improves, 
its use for pulmonary resection will inevitably increase.

As with the previous introduction of other surgical tech-
niques or tools, such as laparoscopy, there is necessarily a 
learning curve associated with this new technique. In the US, 
there has been recent litigious publicity about peri-operative 
complications associated with robotic surgery. To optimize 
patient safety, hospital administrators and surgical depart-
ments have created credentialing parameters for thoracic sur-
geons requesting robotic surgical privileges. However, these 
credentialing processes are widely variable across hospitals 
and are not evidence-based. The credentialing process to 
obtain robotic thoracic surgical privileges at our institution 
consists of the surgeon’s completion of a 4-h dry lab, a 1-day 
cadaveric lab, a live case observation and performing satis-
factorily two cases under the supervision of an experienced 
proctoring surgeon.

The learning curve for robotic lobectomy has previously 
been published from our institution; however, it was a small 
case series of 20 patients [5]. This study reviews the first 
272 consecutive robotic pulmonary lobectomies performed 
by a single surgeon (JPF) after his completion of the afore-
mentioned credentialing process. The purpose of this study 
was to define the actual learning curve, if any, provide fur-
ther insight and analysis on the learning curve, operative 
technique, and peri-operative complications associated with 
robotic pulmonary resections. This study would also validate 
our institution’s credentialing process.

Methods

Data collection

IRB approval was obtained to perform a retrospective 
analysis of a database from a single surgeon (JPF) at a 
single institution which was compiled from February 2011 
to October 2017. The analysis consisted of his first 272 
consecutive patients who underwent robotic lobectomy. 
This was selected from a larger cohort of patients who 
underwent lobectomy using other techniques. Pulmonary 
wedge resections and other robotic thoracic procedures 
were excluded. Robotic pulmonary lobectomies comprised 
over 80% of his robotic procedures during this time period. 
JPF had a recorded experience of approximately 120 thora-
coscopic (VATS) lobectomies prior to performing robotic 
lobectomies.

Preoperative evaluation included a history and physical 
examination, chest computed tomography scans, positron 
emission tomography scans, brain magnetic resonance 
imaging (MRI) if indicated, as well as assessment of 
functional status and physiologic reserve. Age, gender, 
tumor stage, lobe resected, estimated blood loss, opera-
tive time, conversions to open thoracotomy, intraoperative 
complications, chest tube duration, hospital length of stay 
and 30-day mortality were all recorded and entered into 
a database.

Operative technique

All the lobectomies were performed using the Intuitive 
daVinci robotic surgical system—most using the Si model 
as the Xi model only became available at our institution 
in 2017. After double lumen endotracheal intubation, 
the patient was placed in lateral decubitus position with 
the bed flexed to place the hips below the chest wall thus 
decreasing hindering the movement of the camera arm. 
Urinary catheters are avoided and the use of peri-operative 
fluids is restricted.

Various port placements were trialed for the first few 
robotic lobectomy cases by the surgeon, but the port place-
ment and technique was then standardized and applied 
consistently for the subsequent cases. This standardized 
port placement and technique does not vary with the lat-
erality or lobe anatomy and is identical to the port place-
ment used for thoracoscopic lobectomy by the same sur-
geon. Thus, a thoracoscopic or robotic approach can be 
interchangeably used with an identical four port/incision 
placement.

First, an 8-mm trocar is placed in line with the tip of 
the scapula at about the 9th intercostal space as low as 
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possible in the pleural cavity to provide the most pano-
ramic view of the entire pleural cavity. The remaining 
three ports/incisions are then placed under thoracoscopic 
guidance based on internal anatomy. The 8-mm 30° 
robotic camera is used. Warm humidified CO2 is tempo-
rarily insufflated to a maximum pressure of 8 mmHg to aid 
in the collapse of the lung and to improve visualization of 
the surgical field. A multilevel intercostal nerve block with 
0.5% bupivicaine/epinephrine is performed under thora-
coscopic guidance for pre-emptive analgesia in lieu of the 
use of a thoracic epidural.

Next, a 12-mm trocar is placed in the same 9th intercostal 
space 8–10 cm posterior to the camera port. This is followed 
by an 8-mm trocar placed in the anterior axillary line at the 
level of the superior pulmonary vein, and lastly a 35-mm 
utility incision in the anterior axillary in line with the major 
fissure. A 12-mm trocar is placed into this 35-mm utility 
incision. The robot is docked over the patient’s head and 
targeted 15° posterior to the midline. All four robotic arms 
are used. The bedside-assistant suctions retrieve specimens 
through the 35-mm incision. Robotic stapling is performed 
through either the anterior or posterior 12-mm trocars. A 
retraction stitch is sometimes temporarily placed on the 
dome of the diaphragm if necessary to optimize visualiza-
tion of the surgical field (Fig. 1).

The dissection is standardized and mobilization of the 
lung is minimized. A “no touch” technique is used by 
avoiding picking up or manipulating the lobe not being 
resected. After division of the inferior pulmonary liga-
ment, the posterior hilum is dissected including a lym-
phadenectomy of stations 7, 8, 9, and 11 (right side) and 

stations 7, 9, 10, and 11 (left side). An anterior hilar 
dissection is then performed with sequential division 
of the vein, artery, and bronchus in addition to lymph 
node stations 10 and 11. The sequence of division of the 
hilar structures may vary depending on the lobe resected. 
Mediastinal lymphadenectomy is completed of stations 
2 and 4 on the right and stations 5 and 6 on the left. A 
single 28 French chest tube is placed.

Post-operative care is also standardized using our institu-
tional thoracic pathway or ERAS protocol. Patients get trans-
ferred from the recovery room to the thoracic surgical ward 
with telemetry monitoring. Patients are ambulated within 
8 h after surgery and undergo a standardized respiratory care 
protocol with bronchodilators every 6 h until discharged. 
Analgesia consists of ketorolac and acetaminophen every 
6 h with supplemental oral and intravenous hydromorphone 
as needed. Chest tubes are placed to water seal the morning 
after surgery and removed once the air leak resolves and the 
output is serous and less than 500 mL/day. The routine use of 
urinary catheters is avoided. Laboratory analysis and chest 
radiographs are routinely obtained on post-operative day #1 
and only if clinically necessary afterwards.

Statistical analysis

Continuous variables were reported as mean, median and 
standard deviation. Categorical variables were reported as 
frequency and proportion. In terms of the outcomes, opera-
tive time was analyzed in the original scale, while blood 
loss, chest tube duration, and post-operative length of stay 
were transformed logarithmically for parametric analysis. 
Univariable and multivariable regression models were used 
for continuous outcomes. The Fischer exact test was used to 
compare categorical variables. Regression model plots were 
composed. A p value of 0.05 was used to declare statistical 
significance.

Results

From February 2011 until October 2017, a total of 272 
patients underwent robotic anatomic pulmonary resec-
tions (165 women and 107 men) by JPF. Median age was 
67.5 years (22–88 years). Formal pulmonary function tests 
(FEV1) were inconsistently obtained pre-operatively, as 
clinical functional status assessment was deemed sufficient 
for many patients (Table 1).

Right upper lobectomies were the most frequent, com-
prising 104 of the 272 lobectomies. This was followed by 
left upper lobectomy in 51, left lower lobectomy in 42, right 
lower lobectomy in 41, and finally right middle lobectomy in 
28 patients. Bilobectomies were done in 6 patients.

Fig. 1   Port placement for robotic lobectomy
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Per the American Joint Committee on Cancer (AJCC) 
staging, 157 patients undergoing resection for lung can-
cer were deemed early stage (stage I). The remaining 115 
patients were advanced stage lung cancers, or metastases 
from a different primary tumor. All patients underwent hilar 
and mediastinal lymphadenectomy. The average number of 
lymph nodes resected was 13, with an average of 4 thoracic 
lymph node stations sampled (Table 2).

Median operative time for 272 patients undergoing 
robotic-assisted lobectomy was 160 min, ranging from 83 
to 317 min. For the entire cohort, median blood loss was 
75 mL (10–4000 mL). Median chest tube duration was 2 
days (1–23 days) and median hospital stay was 3 days (1–25 
days). There was one death, for a 30 days mortality rate of 
0.4%. This patient expired of respiratory failure from pneu-
monia 28 days after surgery. There were no deaths attribut-
able to the robotic technique.

Intraoperative complications occurred in seven patients. 
Six patients required conversion to thoracotomy, four of 
which were for pulmonary arterial bleeding, one for a dif-
ficult fissure and one due to significant adhesions from prior 
coronary bypass surgery. Using multivariable logistic regres-
sion, it was found that the age, gender, and stage do not fac-
tor in to conversion to thoracotomy, but BMI was found to 
be a significant covariate (p 0.043). None of these covariates 
(age, gender, BMI, and stage) were found to be associated 
with intraoperative complications (Tables 3, 4).

As the surgeon performs more surgeries, there is a sig-
nificantly shorter operative time (p < 0.001), decreased blood 
loss (p < 0.001), and shorter hospital stay (p < 0.014). When 
the first 120 and last 120 surgeries were compared, there was 
significantly less blood loss (234.6 vs 78.69 cc, p < 0.001), 
shorter operative time (181.9 vs 147.4 min, p < 0.001), 
shorter tube duration (3.49 vs 3.11 days, p 0.007), and 
shorter length of stay (4.03 vs 3.48 days, p < 0.001), respec-
tively (Tables 5, 6).

More intraoperative complications were observed dur-
ing the first 120 surgeries (6/120) compared to the last 120 
surgeries (0/120; Fischer exact p = 0.029). In fact, none of 
the intraoperative complications occurred in the last 120 
patients. The most common intraoperative complication was 
an iatrogenic injury to the pulmonary artery PA causing pul-
monary artery PA bleeding which occurred in five patients. 
The two other complications were a tear in the pulmonary 
vein and breast implant injury.

Table 1   Patient characteristics (n = 272) for continuous variables

Variable Mean SD Median Minimum Maximum

Age 66.65 10.44 67.5 22 88
BMI 28.57 6.13 27.73 16.07 50
Blood loss 153.11 371.46 75 10 4000
Operative time 164.31 40.45 160 83 317
Chest tube dura-

tion
3.36 3.73 2 1 23

Postop length of 
stay

3.72 2.51 3 1 25

Table 2   Patient characteristics (n = 272) for categorical variables

Variable Level N = 272 %

Conversion to thoracotomy No 266 97.8
Yes 6 2.2

Gender Female 165 60.7
Male 107 39.3

Intraop complications No 265 97.4
Yes 7 2.6

Stage Advanced stage 115 42.3
Early stage 157 57.7

Table 3   Multivariable logistic regression of conversion to thoracot-
omy

Covariate Level Risk factors for conversion to 
thoracotomy  = Yes

Odds ratio (95% CI) p value

Cumulative 
number sur-
geries

1.00 (0.99–1.01) 0.758

Age 1.04 (0.94–1.14) 0.466
Gender Female 0.78 (0.15–4.16) 0.775

Male – –
BMI 1.13 (1.00–1.27) 0.043
Stage Advanced stage 1.78 (0.31–10.23) 0.516

Early stage – –

Table 4   Multivariable logistic regression of intraoperative complica-
tions

Covariate Level Risk factors for Intraop compli-
cations = Yes

Odds ratio (95% CI) p value

Cumulative 
number sur-
geries

0.99 (0.98–1.00) 0.051

Age 0.99 (0.92–1.07) 0.794
Gender Female 0.88 (0.18–4.22) 0.877

Male – –
BMI 1.03 (0.91–1.15) 0.654
Stage Advanced stage 6.32 (0.73–54.93) 0.095

Early stage – –
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In contrast, there was no difference in conversion to 
thoracotomy when the first 120 and last 120 surgeries were 
compared.

Regression model plots did not show any apparent and 
significant change points, but rather a steady improvement. 
The figures below show these regression model plots for 
operative time, blood loss, and tube duration.

Table 5   Linear regression 
model

Dependent Parameter Point estimate (95% CI) p value

Operative time Intercept 192.434 (183.546, 201.323) < 0.0001
Cumulative number surgeries − 0.206 (− 0.262, − 0.150) < 0.0001

Blood loss (log) Intercept 7.235 (6.915, 7.554) < 0.0001
Cumulative number surgeries − 0.007 (− 0.009, − 0.005) < 0.0001

Chest tube (log) Intercept 1.447 (1.185, 1.709) < 0.0001
Cumulative number surgeries − 0.002 (− 0.0032, 0.0001) 0.070

Postop length of stay (log) Intercept 1.876 (1.707, 2.044) < 0.0001
Cumulative number surgeries − 0.001 (− 0.0024, − 0.0003) 0.014
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Discussion

Since the introduction of robotics in the 1990s, this tech-
nique has been routinely implemented in many other surgical 
subspecialties including gynecology and urology; however, 
robotics in thoracic surgery remains limited and without a 
defined learning curve. Despite the existing evidence, there 
remains concern regarding safety and efficacy with regard to 
oncologic resection for pulmonary resection. However, this 
retrospective analysis demonstrates robotic lung resection as 
a safe and feasible option for patients.

There have been various papers published that defined 
a particular learning curve for VATS lobectomy. In 2014, 
Li et al. reported that a surgeon requires between 100 and 
200 cases to be efficient at VATS lobectomy [6]. There 
has been conflicting evidence so far published for learning 
curves for robotic lobectomy. Meyer published in 2012 that 
the learning curve for robotic lobectomy could be possibly 
completed in 15 operations [7], while Toker in 2016 reported 
that the learning curve is completed in 14 operations [8]. 
Meyer looked at operative time, morbidity, mortality, con-
version rate, length of stay, and surgeon comfort, and defined 
learning curves for each parameter, which was the change 
in the slope of the curve, right, where the plateau of the 
curve begins. Toker reported the learning curve in terms 
of operative time, complication, and mortality rates. In our 
study, however, the regression model plots did not show 
any significant change point or abrupt decrease in terms of 
operative time, blood loss, chest tube duration, and length of 
stay, but rather a steady improvement with more and more 
cases in all of these variables. Thus, we believe that there is 

no definite learning curve for robotic lobectomy in contrast 
with VATS lobectomy, the reason being that the surgeon has 
already gotten past his VATS lobectomy learning curve, and 
is already proficient at it.

As shown in Table 7, there was no correlation with 
conversion to thoracotomy with the number of cases. 
However, there was correlation with intraoperative com-
plications. This finding may seem illogical and discord-
ant, because intraoperative complications usually lead 
to conversions. It is worthwhile to note, however, that 
of the seven intraoperative complications, two were iat-
rogenic vessel injuries that were controlled robotically 
with pressure application, and one was a breast implant 
injury. These three definitely did not require conversion to 
thoracotomy. Three iatrogenic injuries due to PA bleeding 
required conversion, and these happened in the first 120 
cases. There were also conversions in the last 120 cases, 
but these were due to severe postop adhesions from CABG 
and a difficult fissure. Our study also validated the previ-
ous findings that a higher BMI poses a patient at higher 
risk for conversion. Although BMI is not predictive, it 
may help especially the younger surgeons in selecting their 
patients early on in their practice or training. Furthermore, 
the results of our paper validate the fact that iatrogenic 
injuries remain to be the most common cause for con-
versions to open thoracotomy from minimally invasive 
approaches.

There was only one post-operative death in this series, 
resulting in a 0.4% mortality rate, further substantiating 
data that have been previously published in papers of Park 
[9], Meyer and Gharagozloo [10], that robotic surgery is 

Table 6   Continuous variables 
comparison between the first 
120 and last 120 cases

Variables First 120 cases Last 120 cases p value

Mean (STD) Median (range) Mean (STD) Median (range)

Age 66.83 (10.62) 67.5 (22, 85) 66.67 (10.31) 68 (26, 84) 0.993
BMI 28.07 (5.88) 27.05 (16.1, 50) 28.89 (6.3) 27.99 (16.4, 47.3) 0.321
Blood loss 234.63 (534.01) 100 (20, 4000) 78.96 (90.82) 50 (10, 650) <  0.001
Operative time 181.94 (37.9) 180 (95, 294) 147.4 (34.49) 144 (83, 280) <  0.001
Chest tube days 3.49 (3.39) 2 (1, 23) 3.11 (3.76) 2 (1, 20) 0.007
Postop length of stay 4.03 (2.2) 3 (2, 13) 3.48 (2.77) 3 (1, 25) <  0.001

Table 7   Comparison between 
the first 120 and last 120 cases 
in terms of conversions and 
intraoperative complications

Variable Level First 120 cases Last 120 cases p value

Conversion to thoracotomy No 117 (97.5%) 118 (98.3%) 1.000
Yes 3 (2.5%) 2 (1.7%)
Total 120 120

Intraop complications No 114 (95%) 120 (100%) 0.029
Yes 6 (5%) 0 (0%)
Total 120 120
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a safe approach to pulmonary lobectomy for lung cancers. 
One limitation, however, is the lack of lymph node analysis. 
It would be interesting to analyze whether or not there is a 
difference or an improvement in the number of lymph node 
stations harvested with time and more experience.

Conclusion

Our study demonstrated a steady improvement in terms of 
operative time, blood loss, and post-operative length of stay 
with time. This may be related to experience with VATS, 
which may prove to be of benefit to surgeons wanting to 
learn robotic surgery. Since most thoracic surgeons who per-
form robotic lobectomies went through VATS first and have 
gotten past their VATS learning curves, they no longer have 
a definable curve for robotic surgery. Hence, if a surgeon is 
already proficient and credentialed to do VATS resections, 
he/she is no longer faced with a significant learning curve 
for robotic lobectomy, and should be credentialed to do so. 
However, this study does not address the issue of creden-
tialing surgeons who do not have prior VATS lobectomy 
experience or who perform annually a small volume of lung 
resections. Further studies are recommended to specifically 
analyze the learning curves for surgeons without extensive 
VATS experience who are transitioning from open to robotic 
lobectomy.
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