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ABSTRACT
Objective: To compare 90-day morbidity in patients undergoing lung lobectomy 

performed by either robotic-assisted thoracic surgery (RATS) or video-assisted 
thoracic surgery (VATS). Intraoperative complications, drainage time, length of 
hospital stay, postoperative pain, postoperative quality of life, and readmissions 
within 90 days were also compared. Methods: This was a two-arm randomized clinical 
trial including patients with lung lesions (primary lung cancer or lung metastasis) 
who were candidates for lung lobectomy. Patients with comorbidities that precluded 
surgical treatment were excluded. All patients followed the same postoperative 
protocol. Results: The overall sample comprised 76 patients (39 in the VATS group 
and 37 in the RATS group). The two groups were similar regarding gender, age, BMI, 
FEV1 in % of predicted, and comorbidities. Postoperative complications within 90 
days tended to be more common in the VATS group than in the RATS group, but the 
difference was not significant (p = 0.12). However, when only major complications 
were analyzed, this tendency disappeared (p = 0.58). Regarding postoperative 
outcomes, the VATS group had a significantly higher number of readmissions within 
90 days than did the RATS group (p = 0.029). No significant differences were found 
regarding intraoperative complications, drainage time, length of hospital stay, 
postoperative pain, and postoperative quality of life. Conclusions: RATS and VATS 
lobectomy had similar 90-day outcomes. However, RATS lobectomy was associated 
with a significant reduction in the 90-day hospital readmission rate. Larger studies 
are necessary to confirm such a finding.

(ClinicalTrials.gov identifier: NCT02292914 [http://www.clinicaltrials.gov/])

Keywords: Robotic surgical procedures; Thoracic surgery, video-assisted; Lung 
neoplasms.
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INTRODUCTION

Pulmonary lobectomy is the standard treatment for 
initial lung cancer, and it is also used in selected patients 
with pulmonary metastases whose characteristics make 
sublobar resections inadequate.(1) Several studies 
have compared video-assisted thoracic surgery (VATS) 
lobectomy with open thoracotomy and demonstrated 
reduced morbidity and length of hospital stay in favor of 
the minimally invasive technique without compromising 
oncologic outcomes.(2-5) In spite of the clear advantages 
of VATS and the fact that it is strongly recommended 
by guidelines,(1-6) thoracotomy has remained the most 
common approach for lobectomies.(3-7) Two-dimensional 
view and the use of long and inflexible instruments 
may promote an imprecise dissection and a long and 
arduous learning curve. These shortcomings might 
be responsible for the slow implementation of VATS 
lobectomy worldwide.

Robotic-assisted thoracic surgery (RATS) solves some 
of the disadvantages of VATS. It offers three-dimensional 
high-definition view and allows the surgeon to control 
the camera. Moreover, the robotic platform has 
endowrist instruments and tremor filtration, allowing a 
very accurate and safe dissection. Nevertheless, RATS 
has higher costs that are mainly associated to a large 
capital investment to acquire the platform. Several 
studies have confirmed that oncologic outcomes of RATS 
and VATS lobectomy are equivalent.(8,9) With regard to 
intra- and post-operative outcomes, one study based 
on a large database showed that RATS was associated 
to a lower surgical conversion rate, a lower overall 
postoperative complication rate, and a shorter length 
of hospital stay(7); however, other studies did not find 
any difference between RATS and VATS.(10-12) In spite of 
the lack of randomized evidence supporting the benefits 
of RATS, technical improvements that make minimally 
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invasive surgery easier for the surgeon to perform 
and potential postoperative benefits have resulted in 
an increase in  RATS procedures from 1% to 11% of 
all lobectomies performed at non-academic hospitals 
in the United States from 2009 to 2013.(13)

In this scenario of uncertainties and high costs, 
a randomized clinical trial would greatly contribute 
to this subject by providing important and more 
accurate information on the outcomes of RATS and 
VATS lobectomy. Therefore, the primary objective 
of this trial was to compare the 90-day morbidity 
rate in patients undergoing either RATS or VATS 
lobectomy. Secondary outcomes included intraoperative 
complications, drainage time, length of hospital stay, 
postoperative pain, postoperative quality of life, and 
readmissions within 90 days.

METHODS

This was a two-arm randomized clinical trial carried 
out from April of 2015 to June of 2017 at a university 
teaching hospital in the city of São Paulo, Brazil. All 
potential candidates with lung cancer underwent 
clinical staging by chest CT and PET-CT. Patients with 
neurological symptoms or pulmonary tumors larger 
than 3 cm underwent brain MRI. Invasive mediastinal 
staging was performed by mediastinoscopy or EBUS 
if suspicious hilar/mediastinal lymph nodes, tumors 
with central location, or tumors larger than 3 cm 
were found. After surgical indication was confirmed, 
all patients were evaluated and approved for surgery 
by the pulmonology team; only then patients were 
referred to the research team for trial enrollment 
evaluation.

The trial inclusion criteria were as follows: eligibility 
for the treatment of lung cancer or lung metastasis 
by pulmonary lobectomy; presence of tumor of less 
than 5 cm in diameter; absence of tumor invasion into 
the chest wall, diaphragm, mediastinum, or another 
lung lobe; and clinical and anesthetic evaluation 
results showing that the patient was able to undergo 
the proposed procedure. Exclusion criteria were as 
follows: having previously undergone a thoracic surgical 
procedure in the hemithorax to be operated on; and 
being unable to remain on single-lung ventilation 
during the procedure. All patients signed the written 
informed consent approved by our institutional research 
ethics committee (CAAE 21934413.2.0000.0065). 
This study was also registered at ClinicalTrials.gov 
(NCT02292914).

The Brazilian Ministry of Health funded the acquisition 
of the DaVinci Si (Intuitive Surgical Inc., Sunnyvale, 
CA, USA) robotic system and a limited amount of 
surgical instruments and disposable materials specific 
to robotic surgery. Therefore, the sample size was 
defined by convenience. Surgeons recruited outpatients 
according to inclusion and exclusion criteria. The clinical 
research nursing team was responsible for providing 
and collecting the written informed consent forms, 
and the research center defined the allocation of the 

patients using a website software (www.randomization.
org, Arlington, VA, USA). We used block randomization 
to allow an adequate distribution of patients between 
the two groups. Patients were randomized only after 
having their surgery scheduled, ensuring allocation 
concealment. However, the randomization status was 
not blinded, so both patient and medical staff were 
aware of the randomization assignment.

For RATS lobectomies, we used the DaVinci 
Si robotic system (Innovative Surgical) and the 
three-arm technique initially described by Ninan & 
Dylewski.(14) All VATS lobectomies were performed 
in accordance with the triportal technique. Figure 1 
shows photographs of the two surgical approaches. 
One 28-Fr chest tube was placed in the patients of 
both groups. All surgical procedures were performed 
under selective intubation. Radical hilar and mediastinal 
lymphadenectomy was performed only in patients 
with primary pulmonary cancer. The same group of 
surgeons performed both VATS and RATS procedures. 
The patients were usually transferred to the hospital 
ward in the postoperative period; only elderly 
patients with multiple comorbidities or patients with 
intraoperative complications were sent to the ICU at 
the end of the procedure. Postoperative analgesia 
included patient-controlled epidural anesthesia (local 
anesthetics and opioids), which was discontinued 
immediately after chest tube removal.

In the present study the primary outcome was 
complication rate within 90 days. Postoperative 
complications were recorded and classified as 
proposed by Seely et al.(15) As secondary outcomes, 
we analyzed intraoperative complications, drainage 
time, length of hospital stay, postoperative pain, 
postoperative quality of life, and readmissions within 
90 days. Drainage time was defined as the interval 
between surgery and the removal of the chest tube 
and was measured in days. Length of hospital stay 
was measured in days after surgery. Postoperative 
pain was evaluated by a visual analog pain scale(16) 
on the first, second, and third postoperative days and 
at the 30-day outpatient visit. We also assessed the 
need for opioid use at the 30-day outpatient visit. 
Any hospitalization within the 90-day postoperative 
period was considered as readmission.

In addition to the variables described above, we 
collected other pieces of information: demographic 
characteristics (age, gender, and BMI), FEV1 (in L and 
% of predicted), smoking status, presence of systemic 
arterial hypertension, presence of diabetes mellitus, 
presence of cardiac, hepatic, or renal diseases, and 
tumor size. We also collected procedure-related 
information: operative time, conversion to open 
surgery, need for extended resection, and resected 
lobe. During the postoperative period, we collected 
information on length of ICU stay and need for 
reoperation. When primary cancer was pulmonary, 
we collected data on the histological type and the 
pathological stage as per the 8th edition of the TNM 
staging classification for lung cancer.(17)
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We used descriptive statistical analyses to summarize 
the characteristics of the studied patients. We compared 
categorical variables using the Fisher’s exact test. We 
tested numerical variables for their distribution using 
the Shapiro-Wilk and kurtosis tests. We used the 
t-test and ANOVA to compare continuous variables 
with normal distribution and the Mann-Whitney and 
Wilcoxon tests to compare continuous variables with 
asymmetrical distribution. All analyses were carried 
out with a level of significance of p < 0.05. The 
analyzes were performed using the Predictive Analytics 
Software package, version 18.0 for Windows (SPSS 
Inc., Chicago, IL, USA).

RESULTS

From June of 2015 to May of 2017, 107 patients were 
evaluated for trial enrollment. Of these, 80 met the 
inclusion criteria and were randomized. Four patients 
were excluded after randomization (3 in the RATS group 
and 1 in the VATS group): 2 patients had undiagnosed 
advanced disease at randomization—malignant pleural 
effusion, in 1; and brain metastasis after reevaluation 
of brain MRI results, in 1—1 patient had a severe 
episode of arrhythmia just before the surgery, and 
we opted for canceling the procedure and referring 
the patient to stereotaxic radiotherapy, and 1 patient 
withdrew consent after randomization. Therefore, 
the overall sample comprised 76 patients (37 and 39 
patients in the RATS and VATS groups, respectively). 
We used intention-to-treat analysis; however, there 
was no crossover, and all exclusions occurred after 
randomization, but before the intervention. The flow 
chart of the patient selection process is depicted 
in Figure 2, and the characteristics of the patients 
included in the study are shown in Table 1.

The overall operative time tended to be longer in 
the RATS group than in the VATS group, although 

the difference had no statistical significance—241.7 
(218.3-265.1) min vs. 214.4 (200.3-228.5) min (p = 
0.06). Neither were any intraoperative complications 
observed, nor was it necessary any surgical conversion 
in the RATS group. In the VATS group, there were three 
cases of intraoperative vascular lacerations (arterial 
and venous lacerations in 2 and 1, respectively), 
and two of the procedures were converted to open 
surgery. No patient required blood transfusion. Table 2 
shows the results related to the surgeries performed.

With regard to postoperative outcomes (Table 3), 
the only significant difference observed was in the 
number of readmissions within 90 days, which were 
less common in the RATS group (1 patient vs. 8 
patients; p = 0.029). In the RATS group, hospital 
was due to bronchospasm/decompensated COPD, 
whereas, in VATS group, the causes were empyema 
(in 2 patients, 1 of whom presenting with prolonged 
air leak), pneumonia (in 2), prolonged air leak that 
persisted for two months after lobectomy (n 1)—the 
patient was readmitted for another video-assisted 
thoracoscopy (in 1)—pleural effusion (in 1), surgical 
wound infection (in 1), and severe pain (in 1). Three 
patients required reoperation due to prolonged air leak 
(in 2; 1 in the VATS group, and 1 in the RATS group 
during the same hospitalization period) and empyema 
(1 in the VATS group). Postoperative complications 
within 90 days tended to be less common in the 
RATS group than in the VATS group—7 (18.9%) 
cases vs. 14 (35.9%) cases—with no statistically 
significant difference (p = 0.12). Nevertheless, when 
we considered only major complications (grade ≥ 3, 
as per the Common Terminology Criteria for Adverse 
Events, version 4), this tendency disappeared—7 
(18.9%) cases vs. 10 (25.6%) cases (p = 0.58). Two 
patients died (1 in each group), both due to pneumonia 

A B

Figure 1. Photographs of the two surgical approaches: in A, video-assisted thoracic surgery; in B, robotic-assisted 
thoracic surgery
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and sepsis. All of the postoperative complications are 
described in Table 4.

No significant differences were found between the 
groups regarding histological types (p = 0.60) or 
pathological staging (p = 0.36). Among the 34 patients 
with primary lung cancer in the RATS group, there 
was N descriptor upstaging in 3: from cN0 to pN1, in 
2; and from cN0 to pN2, in 1. Likewise, among the 35 
patients with primary lung cancer in the VATS group, 
N upstaging occurred in 5: from cN0 to pN1, in 2; 
and from cN0 to pN2, in 3. However, the difference 
was not statistically significant (p = 0.71). Table S1 
details such findings.

There were no significant differences regarding the 
perception of postoperative pain (defined as a score 
> 2 in the visual analog scale)(16) between the groups 
either during the first 3 postoperative days or 30 days 
after surgery. We also evaluated the need for any type 
of opioid medication 30 days after lobectomy. Once 
again, no significant difference was found between 
the groups (p = 0.61). Table S2 shows the results 
regarding postoperative pain.

DISCUSSION

The present study showed a significantly lower 
90-day hospital readmission rate in the RATS group 

when compared with the VATS group (2.7% vs. 20.5%; 
p = 0.029). Moreover, postoperative complications 
within 90 days tended to be less common in patients 
undergoing RATS than in those undergoing VATS, 
although with no statistical significance (18.9% vs. 
35.9%; p = 0.12). This tendency did not occur for 
major complications (18.9% vs. 25.6%; p = 0.58). 
The RATS group also showed fewer intraoperative 
complications and surgical conversions to open 
thoracotomy than did the VATS group, but again 
with no statistical significance (respectively, 0 vs. 
3; p = 0.24; and 0 vs. 2; p = 0.49). On the other 
hand, the RATS group tended to have a longer overall 
operative time: 241.7 (218.3-265.1) min vs. 214.4 
(200.3-228.5) min (p = 0.06).

Initially, a few small retrospective studies were 
published on robotic lobectomy.(8,9) Some presented 
the technique and the experience of a single institution; 
others compared RATS with either open surgery or 
VATS. (8,9) After a greater dissemination of robotic 
surgery and a consequent increase in the number of 
patients operated on by this technique, retrospective 
studies using large multi-institutional databases have 
been published and showed similar postoperative 
outcomes between VATS and RATS.(10,11,13)

More recently, Oh et al.(7) published a study showing 
some benefits of RATS lobectomy. Compared with 

Patients evaluated for enrollment 
(n = 107)

Randomized
(n = 80)

Excluded due to severe arrhythmia
(n = 1)

Death
(n = 1)

90-day PO evaluation
(n = 38)

90-day PO evaluation
(n = 36)

Death
(n = 1)

Excluded (n = 3)
Consent withdrawal (1)
Advanced disease (2)

RATS lobectomy
(n = 37)

VATS lobectomy
(n = 39)

Non-eligible
(n = 27)

Figure 2. Flow chart of the patient selection process. RATS: robotic-assisted thoracic surgery; VATS: video-assisted 
thoracic surgery; and PO: postoperative.
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the VATS group, the RATS group had a lower surgical 
conversion rate (6.3% vs. 13.1%; p < 0.0001), a 
lower overall postoperative complication rate (34.1% 
vs. 37.6%; p = 0.0061), and a shorter median of 
length of hospital stay (5 days vs. 6 days; p = 0.006). 
However, postoperative and 30-day mortality rates 
were similar: 0.9% vs. 1.2% (p = 0.44) and 1.2% vs. 
1.4%; (p = 0.642), respectively. Thus, for the first 
time, a multi-institutional study with large numbers 
of patients demonstrated that RATS lobectomy could 
be associated with improvements in perioperative 
outcomes when compared with VATS lobectomy.(7) 
These findings resemble those found in our study, 
which suggests that RATS lobectomy may be associated 
with fewer complications.

Our results for postoperative complications within 
90 days in the VATS and RATS groups (35.9% vs. 
18.9%) were similar to those in the literature.(7,10,11) 
Interestingly, patients undergoing VATS had a larger 
number of isolated minor complications. These cases 
did not require further interventions or extended 
hospitalization. We could not identify a specific reason 
for these findings. The RATS technique might have a 
more meticulous approach and cause fewer fissures 
in and less damage to the lungs.

Our results for readmission within 90 days were 
also similar to those in the literature (18.0%, 16.9%, 
and 19.8%).(18-20) However, patients undergoing RATS 
had a significantly lower readmission rate than did 

Table 1. Demographic and baseline characteristics of the patients per group (N = 76).a

Characteristic Group p
RATS VATS

(n = 37) (n = 39)
Age, years 68.4 (65.2-71.5) 65.7 (61.8-69.5) 0.31
Female 20 (54.0%) 22 (56.4%) 1.00
BMI, kg/m2 27.5 (26.2-28.8) 26.5 (24.9-28.1) 0.24
FEV1, L 2.2 (2.0-2.4) 2.1 (1.9-2.3) 0.33
FEV1, % of predicted 87.3 (81.8-92.8) 81.5 (77.5-85.5) 0.19
Never smoker 12 11 0.78
COPD 12 18 0.28
Morbid obesity (BMI >34.9 kg/m2) 3 3 1.00
Hypertension 24 21 0.35
Diabetes mellitus 7 11 0.42
Cardiac disease 5 3 0.47
Liver disease 2 5 0.43
Kidney disease 2 1 0.61
NSCLC 34b 35c 1.00
Tumor size, cm 2.32 (1.90-2.74) 2.45 (2.11-2.79) 0.65
RATS: robotic-assisted thoracic surgery; VATS: video-assisted thoracic surgery; and NSCLC: non-small cell lung 
cancer. aValues expressed as n or median (95% CI), except where otherwise indicated. bMetastatic breast cancer, 
in 1; inflammatory myofibroblastic tumor, in 1; and atypical adenomatous hyperplasia, in 1. cMetastatic melanoma, 
in 1; metastatic renal cell carcinoma, in 2; and small cell lung cancer, in 1.

Table 2. Surgical characteristics and intraoperative complications of the patients per group (N = 76).a

Variable Group p
RATS VATS

(n = 37) (n = 39)
Operative time, min 241.7 (218.3-265.1) 214.4 (200.3-228.5) 0.06
Intraoperative complications 0 3b 0.24
Conversion to open surgery 0 2 0.49
Extended resection 1c 2d 0.59
Resected lobe 0.68

RUL 14 13
RML 3 0
RLL 8 8
LUL 7 9
LLL 5 9

RATS: robotic-assisted thoracic surgery; VATS: video-assisted thoracic surgery; RUL: right upper lobe; RML: right 
middle lobe; RLL: right lower lobe; LUL: left upper lobe; and LLL: left lower lobe. aValues expressed as n or median 
(95% CI). bArterial lacerations, in 2; and venous injury, in 1. cWedge resection. dWedge resection and pericardial 
resection.
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patients undergoing VATS (2.7% vs. 20.5%; p = 
0.029), suggesting a potential benefit that has not 
been previously described. Both groups had similar 
preoperative characteristics and were exposed to 
the same postoperative conditions. The tendency 
that we observed (fewer complications in the RATS 
group) seems to have been reflected in the 90-day 
readmission rate.

In general, our intraoperative outcomes are similar 
to those of most retrospective studies.(7,13,21-23) We 
observed operative times similar to those in the 
literature; moreover, we found a tendency toward 
a longer operative time for RATS when compared 
with VATS (241.7 ± 72.6 min vs. 214.4 ± 45.1 min; 
p = 0.06).(7,13,21) We believe that we would achieve 
a significant difference with a larger number of 
patients. We had neither intraoperative complications 

nor need for surgical conversion in the RATS group. 
Similarly to what has previously been published, we 
identified the need for more surgical conversions with 
VATS, although this difference was not statistically 
significant.(7,22,23)

The medians [IQR] in drainage time were not 
different between the RATS and VATS groups (2 
[1-2] days vs. 2 [1-4] days; p = 0.27). The same 
occurred regarding the length of hospital stay (3 
[2-4] days vs. 4 [2-5]; p = 0.55). These findings 
are compatible with those of most of the previous 
studies.(7,10,11,21) However, our trial has no statistical 
power to evaluate such outcomes. Differences could 
possibly appear with a larger number of patients, as 
shown in other studies.(7,23)

This study is a randomized clinical trial. By design, 
we are eliminating the selection bias inherent to 

Table 3. Postoperative course, postoperative complications, readmissions, and mortality of the patients per group (N 
= 76).a 

Variable Group p
RATS VATS

(n = 37) (n = 39)
ICU time, days 0 [0-1] 0 [0-2] 0.99
Length of hospital stay, days 3 [2-4] 4 [2-5] 0.55
Chest tube time, days 2 [1-2] 2 [1-4] 0.27
Reoperation 1 (2.7%)b 2 (5.1%)c 0.59
Complications within 90 days 7 (18.9%) 14 (35.9%) 0.12
≥ 3 complications within 90 days 7 (18.9%) 10 (25.6%) 0.58
Readmissions within 90 days 1 (2.7%) 8 (20.5%) 0.029
90-day mortality 1 (2.7%) 1 (2.5%) 1.0
RATS: robotic-assisted thoracic surgery; and VATS: video-assisted thoracic surgery. aValues expressed as median 
[IQR] or n (%). bProlonged air leak.  cProlonged air leak, in 1; and empyema, in 1.

Table 4. Comparison of 90-day postoperative complications in accordance with the Common Terminology Criteria for 
Adverse Events (version 4) between the groups.a

90-day complications Any grade Grade ≥ 3
RATS VATS p RATS VATS p

(n = 37) (n = 39) (n = 37) (n = 39)
Any 7 (18.9) 14 (35.9) 0.12 7 (18.9) 10 (25.6) 0.58
Death 1 (2.7) 1 (2.5) 1.00

Prolonged air leak 4 (10.8) 5 (12.8) 1.00 4 (10.8) 5 (12.8) 1.00
Empyema 0 2 (5.1) 0.49 0 2 (5.1) 0.49
Pleural effusion 0 1 (2.5) 1.00 0 1 (2.5) 1.00
Surgical site infection 0 1 (2.5) 1.00 0 1 (2.5) 1.00
Subcutaneous emphysema 0 1 (2.5) 1.00 0 0 1.00
Acute kidney failure 1 (2.7) 2 (5.1) 1.00 1 (2.7) 2 (5.1) 1.00
Pyrexia 0 1 (2.5) 1.00 0 0 1.00
Pneumonia 1 (2.7) 1 (2.5) 1.00 1 (2.7) 1 (2.5) 1.00
Sepsis 2 (5.4) 1 (2.5) 0.61 2 (5.4) 1 (2.5) 0.61
Severe pain 0 1 (2.5) 1.00 1 (2.5) 1.00
Pulmonary embolism 1 (2.7) 0 0.48 1 (2.7) 0 0.48
Arrhythmia 1 (2.7) 0 1.00 1 (2.7) 0 1.00
Bronchospasm 1 (2.7) 2 (5.1) 1.00 1 (2.7) 0 1.00
Atelectasis 0 1 (2.5) 1.00 0 0 1.00
RATS: robotic-assisted thoracic surgery; and VATS: video-assisted thoracic surgery. aValues expressed as n (%).
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previous retrospective studies, and this was confirmed 
by the well balanced groups analyzed in our study. 
However, this study has some limitations. First, the 
randomization was not blinded; therefore, we could not 
guarantee the absence of performance and detection 
biases. We tried to minimize this problem by sticking 
to rigid guidelines for postoperative management. 
Sample size was also an important issue. The study 
budget had a limited amount of resources for robotic 
surgeries, which allowed the inclusion of up to 40 
patients in the RATS group, which might have impacted 
on statistical power.

In the present study we found that RATS and VATS 
lobectomy had similar 90-day outcomes. However, 
RATS lobectomy was associated with a significant 
reduction in 90-day hospital readmission rate. This 
gain in safety may help us understand the growth 
of RATS lobectomy in recent years.(7) Nonetheless, 
larger studies are necessary to confirm our findings 
and better explore differences in postoperative 
complications.
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