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Introduction

Minimally invasive surgery using a video-assisted 
thoracoscopic surgery (VATS) technique has emerged 
as the standard surgical approach for lung resections 
due to reduced post-operative pain (1-3), fewer overall 
complications (4-6), shorter length of stay (2,7), lower 
cost (6), and better long-term survival (2,8) compared to 

open thoracotomy. Although VATS pulmonary resections 
have superior outcomes compared to open pulmonary 
resections, VATS is limited to early stage cancer or more 
advanced cancer with certain anatomic features (9-11) for 
most surgeons, mainly due to the limitations of instruments 
within the chest cavity.

The introduction of computer-aided robotic-assisted 
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surgery in the year 2000 overcame some technical 
challenges associated with VATS and provided additional 
tools for performing minimally invasive surgery (12). 
Robotic-assisted surgery has several advantages, including 
three-dimensional binocular vision, elimination of the 
natural surgeon tremor, increased degree of motion, 
enhanced manipulation with wristed instruments, and 
improved dexterity over conventional VATS (13). However, 
an initial robot platform (da Vinci S/Si, Intuitive Surgical, 
Sunnyvale, CA, USA, Si robot) was created to perform 
operations that did not require a division of vascular 
structure using the robot. Thus, the initial use of the robot 
technology in anatomic pulmonary resections required 
bedside assistance to perform the dividing of vascular 
structures using a handheld vascular stapler (14). For this 
version of the robot, studies showed that patients treated 
with a robotic Si approach had a lower morbidity and 
mortality than patients undergoing open thoracotomy (15). 
However, the Si robot system had outcomes comparable to 
VATS pulmonary resection (16). 

In 2016, there was significant improvement in robot 
systems, namely the addition of a vascular robot stapler (da 
Vinci Xi, Intuitive Surgical, Sunnyvale, CA, USA, Xi robot), 
as well as a new design that allowed the robot to move to 
the patient’s position (rather than the patient moving to 
the robot) and the Xi robot had all of the tools to perform 
robotic pulmonary resection with minimal help from an 
assistant. In our initial experience with the Xi robot, we 
have shown that we can decrease the rate of conversion to 
thoracotomy compared to VATS pulmonary resection (17). 
The aim of the present study was to determine the impact of 
the da Vinci Xi robot in pulmonary resection outcomes in a 
single institution thoracic surgery program. We present the 
following article in accordance with the STROBE reporting 
checklist (18) (available at http://dx.doi.org/10.21037/jtd-
20-720).

Methods

At Houston Methodist  Hospita l  we performed a 
retrospective analysis of prospectively collected Society of 
Thoracic Surgeons (STS) data. The Institutional Review 
Board at Houston Methodist Research Institute approved 
the study (Pro00013680 and Pro00013298) and informed 
consent was obtained from patient from 2016–2019 and 
patients from 2012–2015 consents were waived since this 
study was determined to be minimal risk to patients. The 
study conformed to the provisions of the Declaration of 

Helsinki. The database was queried for consecutive patients 
who underwent elective pulmonary resections at Houston 
Methodist Hospital performed by surgeons in the Division 
of Thoracic Surgery from 2012 to 2019. All patients who 
underwent emergent pulmonary resection and patients 
who underwent pulmonary resection as part of a two-step 
procedure for cardiac sarcoma with pulmonary involvement 
were excluded. Additionally, patient demographics, clinic-
pathologic features, operative approach, and surgical 
outcomes were evaluated.

From the STS database, clinical characteristics including 
age, gender, body mass index (BMI), smoking history, 
history of preoperative chemotherapy or thoracic radiation 
therapy, American Society of Anesthesiologists (ASA) 
physical status class, and the presence of co-morbidities 
such as hypertension, congestive heart failure, coronary 
artery disease, diabetes, interstitial fibrosis, end stage renal 
disease, and cerebrovascular accidents were obtained. 
From the STS database and patients’ electronic health 
records, the etiology of the lung disease and the history 
of any prior thoracic surgeries were ascertained, as well as 
operative details such as the type of procedure, the surgical 
approach (including open, VATS, and robotic approaches), 
the type of robotic platform (Si or Xi), the duration of 
the procedure, any postoperative complications, major 
postoperative complications (air leak >5 days, surgical site 
infection, pulmonary emboli, atrial arrhythmia, ventricular 
arrhythmia, pneumonia, myocardial infarct, empyema, 
bronchopleural fistula, respiratory failure, adult respiratory 
distress syndrome, tracheostomy, renal failure, sepsis, DVT, 
stroke and unexpected return to OR) any requirements 
for blood transfusion, the hospital length of stay (LOS), 
mortality, any readmissions within 30 days of discharge, 
and any pathology information, such as the pathologic 
lung cancer stage and the number of retrieved lymph 
nodes. Characteristics of the surgeon who performed the 
pulmonary resection were analyzed. The surgeon’s overall 
experience in thoracic surgical procedures was categorized 
by the number of years of practice since fellowship training 
either ≤5 or >5 years.

The cohort was divided into three time periods: (I) prior 
to introduction of a robot with a vascular stapler or da Vinci 
Xi robot, predominantly VATS; (II) initial robot experience, 
comprising the first 18 months after the introduction of da 
Vinci Xi robot; and (III) mature robot experience, covering 
the next 18 months. Patient characteristics and outcomes at 
different time periods in the learning curve were analyzed 
and the impact of the addition of the da Vinci Xi robot 
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on the surgical outcomes was evaluated. Univariate and 
multivariate logistic regression modeling was performed 
to determine the factors associated with complications and 
outcomes after surgery. 

Demographic and clinical data were reported as 
frequencies and proportions for categorical variables and as 
median and interquartile ranges (IQR) or means (± standard 
deviation, SD) for continuous variables as appropriate. 
Differences between groups were compared using the 
Chi-square or Fisher’s exact tests for categorical variables 
and an unpaired t-test, ANOVA or Kruskal Wallis tests 
for continuous variables as appropriate. Univariate and 
multivariate analysis was then performed to determine 
the factors associated with post-surgical complications. 
Univariate logistic regression analysis and multiple logistic 
regression modeling was also performed to determine the 
characteristics associated with the outcomes. Variables 
having a P value of <0.2 in the univariate analysis or 
considered clinically significant were investigated further 
by multiple logistic regression modeling. The Likelihood 
Ratio test was used to reduce the model subsets. The 
best model was selected based on the smallest Bayesian 
information criterion (BIC). The area under the Receiver 
Operating Characteristic (ROC) curve (AUC) determined 
model discrimination. Model calibration was assessed using 
the Hosmer-Lemeshow goodness-of-fit test, with a non-
significant P value indicating good calibration. 

Propensity score match between the two groups—
VATS vs. Xi robot anatomic pulmonary resections was also 
analyzed, based on a set of covariates including age, gender, 
body mass index, ASA classification, category of disease, 
forced expiratory volume in 1 second (FEV1), carbon 
monoxide lung diffusion capacity (DLCO); in the case 
of lung cancer, and lung cancer staging. Multiple logistic 
regression modeling was then performed to determine if 
the Xi robot was associated with a decrease in complications 
and outcomes in the matched cohort. All analyses and 
propensity score matching were performed using Stata MP 
version 16.1 (StataCorp LLC, College Station, TX, USA). 
A P value of <0.05 was considered statistically significant. 

Results

There were 504 patients who met the inclusion criteria 
from 2012 to 2019. Two hundred twenty (220) patients 
(43.7%) fell in the first time period (predominately VATS, 
prior to the use of the da Vinci Xi robot); 126 patient-
procedures (25%) occurred in the second time period 

(the initial robot experience); and 158 patient-procedures 
(31.1%) were identified in the third time period (the mature 
robot experience, Table 1). During the predominately 
VATS time period, 19 surgeries (8.6%) were started with a 
thoracotomy, 7 (3.2%) were performed minimally invasively 
with the robot without a vascular stapler (Si robot), and 
194 (88.2%) were performed with VATS. However, after 
the introduction of the robot with a vascular stapler (Xi 
robot) during the second time period, there were 2 patient-
surgeries (1.2%) performed with an open thoracotomy, 
84 (66.7%) performed with the Xi robot, and 40 (31.7%) 
performed with VATS. Furthermore, during the third 
time period, there were no patient-surgeries started with 
thoracotomy; 139 (88%) were performed with the Xi robot, 
and only 19 (12%) were performed with VATS. 

The median age for our cohort was 66 (IQR 58, 73) years;  
44.2% were men, and the median BMI was 27 (IQR 
23.4, 31), with 67.3% of patients having lung cancer and 
13.7% having metastatic disease in the lung. There were 
no significant differences between the three groups in 
terms of age, sex, BMI, co-morbidities (hypertension, 
coronary artery disease, congestive heart failure, pulmonary 
hypertension, interstitial lung disease, and cerebrovascular 
accidents), smoking history, category of primary disease, 
and number of patients with prior thoracic surgeries. There 
was higher number of diabetic patients in the initial robotic 
group compared to the VATS and mature robotic groups 
(26.2%, 20.9%, and 10.1%, respectively, P=0.002) as well as 
difference in type of procedure (Table 1).

There were a higher number of surgeries that converted 
to open procedures in the predominantly VATS group 
compared to the initial and mature robotic groups: 22 
cases (10%), 5 cases (4%), and 1 case (0.6%), respectively 
(P<0.001). Additionally, there were significantly less major 
postoperative complications (8.2% vs. 16.7% vs. 22.3%, 
P<0.001, Figure 1A), less post-operative complications 
(15.2% vs. 34.9% vs. 39.1%, P<0.001), fewer unexpected 
returns to the operating room (0.6% vs. 1.6% vs. 5.5%, 
P=002), shorter median length of stays (2 vs. 3 vs. 4 days, 
P<0.001, Figure 1B), and lower readmission rates (1.9% 
vs. 4% vs. 11.8%, P<0.001, Figure 1C) in the mature 
robot period compared to the initial robot period and the 
predominately VATS period, respectively. Moreover, there 
was a significantly higher number of lymph node retrievals 
in the mature robotic period than in the initial robotic or 
predominantly VATS time periods [median (IQR), 11 (6, 16),  
9 (5, 12), and 8 (5, 12), respectively, P=0.005] (Table 2). 
Multivariate analysis showed that the Xi robot (OR 0.37; 
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Table 1 Patient characteristics

Characteristics Total (N=504)
Predominately 
VATS (n=220)

Initial Xi robot 
experience 

(n=126)

Mature Xi robot 
experience 

(n=158)

Overall 
P value

Age, median (IQR) 66.0 (58.0, 73.0) 66.0 (57.0, 73.0) 69.0 (58.0, 74.0) 66.0 (59.0, 73.0) 0.54

Female 281 (55.8) 110 (50.0) 74 (58.7) 97 (61.4) 0.07

Body mass index, median (IQR) 27.0 (23.4, 31.0) 26.9 (23.5, 30.8) 27.5 (23.6, 31.3) 26.6 (23.2, 30.9) 0.68

Comorbidities

Hypertension 308 (61.1) 139 (63.2) 77 (61.1) 92 (58.2) 0.62

Congestive heart failure 8 (1.6) 7 (3.2) 0 (0.0) 1 (0.6) 0.051

Coronary artery disease 102 (20.2) 50 (22.7) 21 (16.7) 31 (19.6) 0.39

Prior cardiothoracic surgery 76 (15.1) 36 (16.4) 18 (14.3) 22 (13.9) 0.77

CVA 28 (5.6) 14 (6.4) 8 (6.3) 6 (3.8) 0.66

Pulmonary hypertension 5 (1.0) 3 (1.4) 1 (0.8) 1 (0.6) 0.86

Diabetes 95 (18.8) 46 (20.9) 33 (26.2) 16 (10.1) 0.002

Currently on dialysis 3 (0.6) 1 (0.5) 0 (0.0) 2 (1.3) 0.36

Preoperative chemotherapy 39 (7.7) 19 (8.6) 8 (6.3) 12 (7.6) 0.74

Preoperative thoracic radiation therapy 10 (2.0) 8 (3.6) 1 (0.8) 1 (0.6) 0.06

Smoking 0.90

Never 159 (31.5) 67 (30.5) 41 (32.5) 51 (32.3)

Past + current 345 (68.5) 153 (69.5) 85 (67.5) 107 (67.7)

FEV1 predicted, median (IQR) 87.0 (75.0, 101.0) 84.0 (75.0, 100.0) 89.5 (76.0, 104.0) 87.0 (74.0, 104.0) 0.22

DLCO predicted, median (IQR) 80.0 (65.0, 94.0) 79.5 (63.0, 91.0) 83.0 (67.0, 97.0) 79.5 (65.5, 96.0) 0.16

Reoperation 65 (12.9) 30 (13.6) 18 (14.3) 17 (10.8) 0.62

Category of disease 0.60

Lung cancer 339 (67.3) 145 (65.9) 85 (67.5) 109 (69.0)

Metastatic 69 (13.7) 30 (13.6) 19 (15.1) 20 (12.7)

Benign nodule 72 (14.3) 30 (13.6) 17 (13.5) 25 (15.8)

Bronchiectasis/pulmonary 
sequestration/infection

24 (4.8) 15 (6.8) 5 (4.0) 4 (2.5)

Type of procedure 0.04

Wedge 188 (37.3) 73 (33.2) 47 (37.3) 68 (43.0)

Segment 22 (4.4) 14 (6.4) 5 (4.0) 3 (1.9)

Lobe 268 (53.2) 117 (53.2) 65 (51.6) 86 (54.4)

Bi-lobe 9 (1.8) 5 (2.3) 3 (2.4) 1 (0.6)

Pneumonectomy 11 (2.2) 8 (3.6) 3 (2.4) 0 (0.0)

Sleeve 6 (1.2) 3 (1.4) 3 (2.4) 0 (0.0)

CTH, chemotherapy; CVA, cerebral vascular accident; DLCO, diffusing capacity for carbon monoxide; FEV1, forced expiratory volume in 
one second; IQR, interquartile range.
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Figure 1 Surgical outcomes during different time periods prior to adoption of da Vinci Xi robot (predominately VATS), first 18 months 
after adoption of the robot (initial Xi robot) and last 18 months after adoption of the robot (mature Xi robot). There was a significant 
decrease in postoperative events (A), length of stay (B) and readmission rate (C) during the mature Xi robot time period compared to 
predominately VATS time period.
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Table 2 Patient outcomes

Outcome Total (N=504)
Predominately 
VATS (n=220)

Initial Xi robot 
experience (n=126)

Mature Xi robot 
experience (n=158)

Overall 

P value

Cases started open 21 (4.2) 19 (8.6) 2 (1.6) 0 (0.0) <0.001

Conversion to open surgery 28 (5.6) 22 (10.0) 5 (4.0) 1 (0.6) <0.001

Either open case or conversion to open 49 (9.7) 41 (18.6) 7 (5.6) 1 (0.6) <0.001

Procedure time (min), median (IQR)
214.5  

(122.0, 292.5)
201.0 

(121.0, 292.0)
243.0 (135.0, 304.0) 220.0 (115.0, 287.0) 0.25

Intraoperative blood transfusion 20 (4.0) 17 (7.7) 3 (2.4) 0 (0.0) <0.001

Postoperative blood transfusion 19 (3.8) 12 (5.5) 6 (4.8) 1 (0.6) 0.04

Lung cancer: number of lymph nodes, 
median (IQR)

9.0 (5.0, 14.0) 8.0 (5.0, 12.0) 9.0 (5.0, 12.0) 11.0 (6.5, 16.0) 0.005

Major postoperative events 83 (16.5) 49 (22.3) 21 (16.7) 13 (8.2) <0.001

All Postoperative events 154 (30.6) 86 (39.1) 44 (34.9) 24 (15.2) <0.001

Unexpected Return to OR 15 (3.0) 12 (5.5) 2 (1.6) 1 (0.6) 0.02

Atrial arrhythmia 38 (7.5) 21 (9.5) 13 (10.3) 4 (2.5) 0.02

Urinary retention 45 (8.9) 19 (8.6) 20 (15.9) 6 (3.8) 0.002

Other pulmonary event 35 (6.9) 18 (8.2) 11 (8.7) 6 (3.8) 0.17

Urinary tract infection 15 (3.0) 7 (3.2) 8 (6.3) 0 (0.0) 0.01

Air leak >5 days 27 (5.4) 14 (6.4) 7 (5.6) 6 (3.8) 0.55

Pneumonia 19 (3.8) 12 (5.5) 6 (4.8) 1 (0.6) 0.04

Atelectasis 13 (2.6) 8 (3.6) 5 (4.0) 0 (0.0) 0.047

Return to OR 11 (2.2) 3 (1.4) 7 (5.6) 1 (0.6) 0.01

Respiratory Failure 9 (1.8) 4 (1.8) 5 (4.0) 0 (0.0) 0.03

Total number of ICU days, mean (± SD) 0.6 (±2.7) 0.8 (±3.0) 0.8 (±3.6) 0.0 (±0.3) 0.01

Total LOS, median (IQR) 3.0 (2.0, 5.0) 4.0 (2.0, 6.0) 3.0 (2.0, 5.0) 2.0 (1.0, 3.0) <0.001

30-day mortality 3 (0.6) 0 (0.0) 3 (2.4) 0 (0.0) 0.02

Readmission within 30 days of discharge 34 (6.7) 26 (11.8) 5 (4.0) 3 (1.9) <0.001

ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; OR, operating room; SD, standard deviation.
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95% CI, 0.24–0.57, P<0.001) was associated with a decrease 
in post-operative events, while age (OR 1.02; 95% CI, 
1.00–1.04, P=0.03) and procedure time (OR 1.06; 95% CI, 
1.04–1.08, P<0.001) were associated with an increase in 
post-operative events (Table 3). Furthermore, multivariate 
analysis showed that the Xi robot (OR 0.31; 95% CI, 0.18–
0.54, P<0.001) was associated with a decrease in major post-
operative events, while procedure time (OR 1.06; 95% CI, 
1.03–1.09, P<0.001) was associated with increase in major 
post-operative events (Table 3). 

During the three time periods, there was a total of 
five surgeons in the practice who performed pulmonary 
resections. One of the senior surgeons left the practice 
at the end of the predominately VATS time period and 
one junior surgeon left at the end of the initial robot time 
period. During each time period, one junior surgeon was 
hired from fellowship training. The change in compliment 
of surgeons led to each time period having one surgeon with 
>5 years of experience and two surgeons having≤ 5 years 
of experience since fellowship training. At the beginning 
of the initial robot experience, none of the surgeons had 
any experience with da Vinci Xi robot and one surgeon 
had performed <10 pulmonary resections using da Vinci Si 
robot.

Next, we performed propensity-matched analysis of 
patients who underwent anatomic pulmonary resection with 
either VATS (n=124) or the Xi robot (n=124). There were 
no significant differences in age, gender, body mass index, 
comorbidities, prior cardiothoracic surgery, pre-operative 

chemotherapy, pre-operative radiation therapy, smoking 
history, FEV1, DLCO, ASA classification, reoperation 
rate and type of procedure (Table 4). Compared to the 
VATS group, the Xi robot group had significantly fewer 
patients who converted to open thoracotomies (2.4% vs. 
15.3%, P<0.001, Table 5), significantly less requirements 
for intraoperative blood transfusions (2.4% vs. 9.7%, 
P=0.02), significantly lower overall postoperative events 
(32.3% vs. 49.2%, P=0.01), lower major postoperative 
events (15.3% vs. 29.8%, Figure 2A, Table 5), significantly 
shorter ICU admissions (mean ± SD, 0.3±1.1 vs. 1.1±3.8, 
P=0.02), significantly less LOS [median (IQR) 3.0 (2.0, 5.0) 
vs. 4.5 (3.0, 6.0), P<0.001, Figure 2B], and lower frequency 
of readmissions (0.8% vs. 10.5%, P<0.001, Figure 2C, 
Table 5). However, the Xi robot group had significantly 
higher median number of lymph node harvested during the 
operation compared to VATS group (12 vs. 9, P=0.001). The 
multivariate analysis for postoperative event showed robotic 
lung resection (OR 0.51; 95% CI, 0.29–0.91, P=0.02) was 
still associated with fewer postoperative complications, 
while age (OR 1.03; 95% CI, 1.00–1.06, P=0.03) and 
smoking (OR 2.80; 95% CI, 1.29–6.09, P=0.01) were 
associated with increase in all post-operative complications 
(Table 6). Furthermore, the multivariate analysis for major 
post-operative events showed Xi robotic lung resection 
(OR 0.42; 95% CI, 0.21–-0.82, P=0.01) was associated with 
fewer major post-operative events, while smoking (OR 7.62; 
95% CI, 1.76–32.97, P=0.01) was associated with increase 
in major post-operative complication (Table 6).

Table 3 Multiple logistic regression for post-operative events

Characteristics 
Any post-operative events Major post-operative events 

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Xi robot 0.37 (0.24, 0.57) <0.001 0.31 (0.18, 0.54) <0.001

Age (years) 1.02 (1.00, 1.04) 0.03 1.02 (1.00, 1.05) 0.11

Male gender 1.04 (0.67, 1.61) 0.85 0.67 (0.39, 1.14) 0.14

Smoking 1.51 (0.88, 2.58) 0.13 2.01 (0.99, 4.10) 0.054

DLCO predicted 0.99 (0.98, 1.00) 0.06 1.00 (0.99, 1.01) 0.85

ASA classification

II (reference) (reference)

III 1.86 (0.82, 4.23) 0.14 1.27 (0.48, 3.36) 0.62

IV 1.88 (0.77, 4.61) 0.17 1.25 (0.43, 3.59) 0.68

Procedure time (per 10 min) 1.06 (1.04, 1.08) <0.001 1.06 (1.03, 1.09) <0.001

ASA, American Society of Anesthesiologists’ physical status classification system.
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Table 4 Patient characteristics of propensity matched group of VATS vs. Xi robot

Characteristics Total matched (N=248) VATS (n=124) Xi robot (n=124) P value

Age, median (IQR) 68.0 (61.5, 74.5) 68.0 (62.0, 75.0) 69.0 (60.5, 74.0) 0.80

Female 141 (56.9) 68 (54.8) 73 (58.9) 0.52

Body mass index, median (IQR) 27.2 (23.8, 30.9) 26.9 (23.5, 30.9) 27.5 (24.2, 31.1) 0.47

Comorbidities  

Hypertension 161 (64.9) 83 (66.9) 78 (62.9) 0.51

Congestive heart failure 5 (2.0) 5 (4.0) 0 (0.0) 0.06

Coronary artery disease 60 (24.2) 35 (28.2) 25 (20.2) 0.14

Cerebrovascular history 0.20

TIA 16 (6.5) 6 (4.8) 10 (8.1)

CVA 16 (6.5) 11 (8.9) 5 (4.0)

Pulmonary hypertension 2 (0.8) 1 (0.8) 1 (0.8) 1.00

Diabetes 48 (19.4) 27 (21.8) 21 (16.9) 0.33

Currently on dialysis 1 (0.4) 1 (0.8) 0 (0.0) 0.31

Interstitial fibrosis 3 (1.2) 2 (1.6) 1 (0.8) 1.00

Prior cardiothoracic surgery 30 (12.1) 20 (16.1) 10 (8.1) 0.051

Preoperative chemotherapy 24 (9.7) 9 (7.3) 15 (12.1) 0.20

Preoperative thoracic radiation therapy 5 (2.0) 4 (3.2) 1 (0.8) 0.18

Smoking 0.16

Never 51 (20.6) 21 (16.9) 30 (24.2)

Past + current 197 (79.4) 103 (83.1) 94 (75.8)

FEV1 predicted, median (IQR) 86.0 (75.0, 101.0) 86.0 (75.0, 100.5) 86.0 (74.5, 101.0) 0.71

DLCO predicted, median (IQR) 79.0 (64.0, 93.0) 78.5 (62.0, 93.5) 79.0 (67.0, 92.0) 0.43

ASA classification 0.73

II 22 (8.9) 10 (8.1) 12 (9.7)  

III 163 (65.7) 80 (64.5) 83 (66.9)  

IV 63 (25.4) 34 (27.4) 29 (23.4)  

Reoperation 23 (9.3) 17 (13.7) 6 (4.8) 0.02

Type of procedure 0.50

Segment 18 (7.3) 10 (8.1) 8 (6.5)  

Lobe 213 (85.9) 103 (83.1) 110 (88.7)  

Bi-lobe 6 (2.4) 3 (2.4) 3 (2.4)  

Pneumonectomy 9 (3.6) 7 (5.6) 2 (1.6)  

Sleeve 2 (0.8) 1 (0.8) 1 (0.8)  
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Table 5 Outcomes between propensity score matched VATS vs. Xi robot groups

Outcome Total matched (N=248) VATS (n=124) Xi robot (n=124) P value

Conversion to open surgery 22 (8.9) 19 (15.3) 3 (2.4) <0.001

Total number of lymph nodes, median (IQR) 10 (7, 15) 9 (7, 13) 12 (9, 17) 0.001

Procedure time (min), median (IQR) 273.5 (218.0, 320.0) 259.5 (196.0, 314.5) 288.0 (247.0, 324.5) 0.004

Intraoperative blood transfusion 15 (6.0) 12 (9.7) 3 (2.4) 0.03

Post-operative blood transfusion 13 (5.2) 11 (8.9) 2 (1.6) 0.02

Major postoperative event 56 (22.6) 37 (29.8) 19 (15.3) 0.01

All postoperative event 101 (40.7) 61 (49.2) 40 (32.3) 0.01

Unexpected return to OR 9 (3.6) 8 (6.5) 1 (0.8) 0.04

Urinary retention 31 (12.5) 15 (12.1) 16 (12.9) 1.00

Atrial arrhythmia 31 (12.5) 21 (16.9) 10 (8.1) 0.04

Other pulmonary event 26 (10.5) 15 (12.1) 11 (8.9) 0.41

Pneumonia 15 (6.0) 12 (9.7) 3 (2.4) 0.03

Air leak greater than five days 16 (6.5) 9 (7.3) 7 (5.6) 0.61

Other infection (IV Antibiotics) 7 (2.8) 7 (5.6) 0 (0.0) 0.01

Urinary tract infection 10 (4.0) 7 (5.6) 3 (2.4) 0.33

Atelectasis 9 (3.6) 7 (5.6) 2 (1.6) 0.17

Respiratory Failure 8 (3.2) 7 (5.6) 1 (0.8) 0.07

Unexpected admission to ICU 11 (4.4) 8 (6.5) 3 (2.4) 0.22

Total number of ICU days, mean (±SD) 0.7 (±2.8) 1.1 (±3.8) 0.3 (±1.1) 0.02

Total LOS, median (IQR) 4.0 (3.0, 5.0) 4.5 (3.0, 6.0) 3.0 (2.0, 5.0) <0.001

30-day mortality 2 (0.8) 1 (0.8) 1 (0.8) 1.00

Readmission related to operative procedure 10 (4.0) 9 (7.3) 1 (0.8) 0.02

Readmission within 30 days of discharge 14 (5.6) 13 (10.5) 1 (0.8) 0.001

ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; OR, operating room; SD, standard deviation.
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Figure 2 Surgical outcomes in propensity matched groups of patients who had VATS anatomic lung resection (VATS) compared to da Vinci 
Xi robot assisted anatomic lung resection (Xi robot). There was a significant decrease in postoperative events (A), length of stay (B) and 
readmission rate (C) for patients who had anatomic resection with Xi robot compared to VATS technique.
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Table 6 Multiple logistic regression for post-operative event for propensity-matched groups

Characteristics 
Any post-operative events Major post-operative events 

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Xi robot case (versus VATS case) 0.51 (0.29, 0.91) 0.02 0.42 (0.21, 0.82) 0.01

Age (years) 1.03 (1.00, 1.06) 0.03 1.02 (0.99, 1.06) 0.17

Body mass index 1.00 (0.99, 1.02) 0.57 1.01 (0.99, 1.02) 0.34

Smoking 2.80 (1.29, 6.09) 0.01 7.62 (1.76, 32.97) 0.01

Procedure time (per 10 min) 1.03 (1.00, 1.06) 0.09 1.04 (1.00, 1.08) 0.06

Conversion to open surgery 1.89 (0.68, 5.27) 0.22 1.03 (0.37, 2.91) 0.95

Discussion

In our practice, we had difficulty adopting the Si robot 
platform to perform pulmonary resections mainly because 
we did not have skilled surgical assistants to support the 
surgeons with performing complex operations. At the time 
when the Si robot was introduced, we had rotating general 
surgery residents who had no experience or only one month 
of experience with minimally invasive pulmonary resections. 
We were able to perform VATS pulmonary resections 
because surgeons could easily direct the inexperienced 
assistant working across the patient’s bedside. When the 
Si robot was used however, it was challenging for surgeons 
to direct an unskilled assistant, and it was not safe to have 
an inexperienced assistant position the stapler around a 
pulmonary vessel and then fire the stapler. These limitations 
prevented us from adopting the Si robot into our practice 
for pulmonary resections. 

The Xi robot platform possessed many advantages over 
the Si robot platform, including the ability for surgeons to 
use a vascular stapler to divide vascular structures, the ability 
to reposition the camera in any port (19), and the ability 
of the robot to adjust to the patient’s position rather than 
the patient moving to the robot. We adopted a standard 
port placement and dissection technique using the Xi robot 
and mastered the technique over time (20). This standard 
technique allowed us to gain further experience in complex 
operations and overcome the limitation of needing a skilled 
bedside assistant to manipulate the lung(s) for exposure, to 
suction blood, or to use the stapler. The ability to control 
a camera along with three other instruments has allowed 
the surgeon to have complete control during the conduct of 
the operation, translating to less variability in the operating 
room, which in turn leads to consistent surgical outcomes. 
In this study, we were able to show that surgeons gaining 

experience with the capabilities of the Xi robot contributed 
to improved outcomes. The introduction of the Xi robot 
when we performed predominately VATS pulmonary 
resections initially led to a decrease in thoracotomies (17). 
As the surgeons gained more experience with the Xi robot, 
we saw a decrease in complication and readmission rates, as 
well as in length of stay. 

The significant decrease in complication rates were 
also found after performing propensity matching between 
VATS and robot-assisted anatomic pulmonary resections. 
VATS has emerged as a safe and feasible alternative to 
traditional open thoracotomy for lung resections, with 
better short- and long-term outcomes. Evidence-based 
therapeutic guidelines have suggested the VATS approach 
for anatomical lung resections in non-small cell lung cancer 
patients, whenever possible (21). However, VATS has many 
limitations that impede its ability to perform complex lung 
resection procedures, such as tremor amplification, as well 
as the instruments’ fulcrum effect. Furthermore, VATS 
requires substantial training and has a longer learning curve. 
The improved outcomes of Xi robot in pulmonary resection 
was found despite having a very junior complement of 
surgeons. During the adoption of the robot, none of the 
surgeons had previous experience with robot-assisted 
pulmonary resection, and two of the surgeons just started 
their clinical practice.

In the current study, we have shown that the use of the 
Xi robot in lung resection procedures was associated with 
lower morbidity rates, shorter LOS, and fewer readmissions 
compared to VATS. The main difference between our study 
and previous studies comparing the robotic and VATS 
approaches is the usage of the Xi robot with a vascular 
stapler instead of the Si robot with bedside assistant(s) using 
a handheld robotic stapler. Other studies may not have 
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shown a benefit due to the use of earlier-generation robotic 
platforms (da Vinci Si) (16). Liang et al. conducted a meta-
analysis to compare robotic vs. VATS in anatomical lung 
resections for cancer; this analysis included 14 studies using 
the da Vinci Si, and concluded that there was decreased 
mortality and conversions to thoracotomies in the robotic 
arm, but comparable morbidity and LOS between both 
groups (22). Emmert et al. conducted a meta-analysis 
of 10 studies that compared robotic assisted and VATS 
lung resections; this analysis found decreased mortality 
in the robotic arm with comparable LOS between both 
groups (23). On the other hand, in a recent comparative 
study between Si robot and VATS-assisted lung resections, 
Huang et al. concluded that the Si robot was associated with 
prolonged LOS and comparable survival outcomes with 
VATS (24). All of these studies suggest that the Si robot 
may not reliably reduce conversions to thoracotomy and 
may not lead to improved LOS or complications. Yet, the 
previous studies comparing postoperative complications 
between robot-assisted and VATS-assisted lung resections 
may have lacked the experience necessary to detect 
a difference in outcome. We did not find significant 
improvement in outcomes during our initial experience 
with the Xi robot (17); however, once we gained enough 
experience with a standardized method for performing 
pulmonary resections with enough patient-procedures, we 
saw increased benefits of the Xi robot platform. 

Many studies have reported the numbers of lymph 
nodes (LNs) harvested using different approaches in lung 
resections for cancer. Results from randomized controlled 
trials conducted by the American College of Surgery 
Oncology Group showed no difference in the number of 
LNs retrieved by VATS compared to the number by open 
thoracotomy (25). Other studies have shown no differences 
in the numbers of LNs removed by robot-assisted 
procedures compared to VATS (22,24,26). However, our 
results showed a greater number of LNs harvested by 
robotic approaches in comparison to VATS approaches; this 
finding is consistent with prior publications that showed the 
superiority of robotic approaches in the number of retrieved 
LNs (27). Our ability to harvest lymph nodes also improved 
over time with the highest number of lymph node being 
harvested during the mature robot period. 

We recognize the main limitation of our study is the 
retrospective nature of the study and the inherent bias 
associated with retrospective studies. In addition, since this 
is not a randomized controlled trial, the factors such as ICU 
stay and length of hospital stay could have been influenced 

by the primary surgeon taking care of the patient as well 
as other non-surgical factors. The strength of our study 
lies in our analysis of prospectively collected data from 
the Society of Thoracic Surgeons database at Houston 
Methodist Hospital. A designated data abstractor collected 
the demographics and the operation and postoperative 
complications in real time. Having a prospective collection 
of data provides an accurate assessment of past events 
and outcomes. However, we also performed propensity 
score matching based on well-characterized clinical and 
pathological data via the detailed STS registry to decrease 
selection bias among groups. Despite these challenges, we 
feel that the sample size and propensity matching represent 
a true phenomenon. Further long-term outcomes research 
and randomized controlled trials to compare robotic-
assisted and VATS approaches would further elucidate our 
findings.

Adopting the da Vinci Xi robot in our institution was 
associated with a significant decrease in post-operative 
complications, length of stay, and re-admission rates when 
compared to VATS pulmonary resections. The benefits of 
the Xi robot platform improved as surgeons gained more 
experience. Randomized, well-designed, controlled trials 
are still needed, however, to determine the short- and long-
term benefits of using computer-aided robots in pulmonary 
resection surgeries.
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