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Background: The proportion of the elderly (≥80 years old) patient population in the United States is
increasing. Consequently, surgeons are more involved in the care of these patients than they had been in
the past. Therefore, surgeons must re-evaluate their prior assumptions about their surgical management
of octogenarian patients. Although open thoracotomy is a popular approach for pulmonary lobectomy,
minimally invasive techniques are associated with improved outcomes in this frail patient population. Our
goal was to evaluate perioperative outcomes of standard open lobectomy to both video-assisted thoracoscopic
and robotic-assisted lobectomy in patients ≥80 years old.
Methods: Octogenarian patients, who underwent elective pulmonary lobectomy from January 1, 2011
through September 30, 2015, were identified from the National Premier Healthcare Database. One-to-one
propensity score matching (PSM) was performed between robotic-assisted and open lobectomy populations
and between video-assisted thoracoscopic and open lobectomy populations. Rates of perioperative outcomes
from each comparison were analyzed.
Results: Of the 1,849 octogenarian patients who satisfied the inclusion criteria, propensity-score matched
(1:1) comparative analyses of robotic-assisted lobectomy (n=232) and open lobectomy (n=232) patients as well
as video-assisted thoracoscopic lobectomy (n=562) and open lobectomy (n=562) patients were made. Both
robotic-assisted and video-assisted thoracoscopic lobectomy cohorts were associated with shorter lengths
of stay (both P<0.001) and higher rates of discharge to home compared to open lobectomy (P=0.0435 and
P=0.0037, respectively). Robotic-assisted lobectomy was associated with fewer postoperative complications
compared to open lobectomy (P=0.0249).
Conclusions: Minimally invasive lobectomy is a viable surgical option in octogenarians and provides
improved outcomes compared to open thoracotomy in a retrospective cohort. Carefully selected patients can
achieve excellent outcomes.
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Introduction
Over the past few decades, it has been increasingly
recognized that the aging population will require surgeons
to care for older and frailer patients than in the past. By
2020, there will be an estimated 51% increase in oncologic
procedures in the elderly compared to the previous decade (1).
Particular interest has focused on the octogenarian
population, which is one of the fastest growing segments
of the elderly (2). With individuals living to progressively
higher chronological ages along with the surge in the
baby boomer generation, it is necessary to re-evaluate
assumptions about oncologic care for the elderly. Today, an
octogenarian man has a life expectancy of 5–9 years and an
octogenarian woman has a life expectancy of 5–10 years (3).
In this context, a diagnosis of early stage lung cancer in an
octogenarian should be approached with curative intent,
barring any prohibitive risk factors.
Lobectomy remains the standard of care for surgical
treatment of invasive non-small cell lung cancer (NSCLC);
in the octogenarian population, lobectomy is feasible and
associated with acceptable outcomes. Although nearly all
published reports on this subject have been retrospective
with small sample sizes and subject to selection bias, many
series show cancer-specific survival that is equivalent to that
in younger patients (2,4). Nevertheless, in the immediate
postoperative period, octogenarians experience increased
complications and mortality compared to younger patient
populations (4). This concern has led to reluctance to
offer surgery and increasing interest in alternatives such as
stereotactic body radiation therapy (SBRT). For example,
in the Netherlands, the rate of SBRT for patients >75 years
old increased from 26% to 42% in less than a decade (5).
Moreover, the increasing number of published claims about
the superiority of SBRT over surgery even in operable
patients raises questions about the role of surgery (6).
A minimally invasive approach for the octogenarian
lung cancer patient has been advocated for improved
postoperative outcomes in this higher risk patient
population (7-9). These early reports focused on videoassisted thoracoscopic surgery (VATS), but more recently
robotic-assisted lobectomy has been considered an
alternative minimally invasive technique with rapid
adoption. As of 2015, robotic-assisted lobectomy in
the United States comprised nearly 20% of all elective
lobectomies as reported in the Premier database (10).
In light of this shift, we sought to investigate the role
of all minimally invasive techniques in the octogenarian

© Journal of Thoracic Disease. All rights reserved.

population by evaluating the perioperative outcomes of
standard open lobectomy to both VATS and robotic-assisted
lobectomy using a nationwide administrative database.
We hypothesized that both minimally invasive techniques
would be associated with improved outcomes over open
thoracotomy in this frail patient group.
Methods
A retrospective database study was conducted using the
Premier Healthcare Database, which is a large, U.S.
hospital-based, all-payer and service-level database. The
Premier database provides information from approximately
20% of the total inpatient hospital discharges in the
United States. It includes data from geographically diverse
populations in both rural and urban communities. Both
academic and community hospitals are represented.
The database contains aggregated, de-identified patient
information, and is HIPAA-compliant; therefore, no
institutional review board approval was required for this
study [45 CFR 46.101(b)(4)]. Patients who were 80 years
of age or older and who underwent elective lobectomy
by robotic-assisted, VATS and open approaches from
January 1, 2011 through September 30, 2015 were
included in the study (Figure 1). Emergency cases and
those with an operating room time of less than 1 hour
and greater than 24 hours were excluded from the study.
The different surgical approaches were identified using
the International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) procedure codes and
current procedure terminology (CPT) codes. The ICD-9CM codes were also used to identify complications and any
conversions to open lobectomy (V64.41 and v64.42) (1).
There was a change in the ICD coding system at the
end of September 2015 from ICD-9 to ICD-10. To
maintain consistency in assessing medical comorbidities
and complications, the study period was limited through
September of 2015 to avoid confounders associated with
ICD-9 to ICD 10 code transition.
Procedures were labelled as conversion to open only
when conversion codes were used in association with VATS
or robotic-assisted approaches. For the purpose of this
analysis, any use of thoracoscopy prior to an intended open
thoracotomy was not considered as a conversion to open
and have been coded as open procedure. Analyzed data
included baseline patient characteristics (age, gender, race,
type of malignancy), hospital characteristics (census region,
urban or rural, number of beds, teaching status, payor type),
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Total lobectomies
N=28,876
(Q1 2011–Q3 2015)

•
•
•

Robotic-assisted (RL)
N=2,994 (12.6%)

Open lobectomy (OL)
N=11,425 (48%)

Excluded (N=5,097)
Emergency lobectomies
OR time (<1 and >24 h)
Age: <18 years

VATS lobectomy (VL)
N=9,360 (39.4%)

Octogenarian
N=1,849

Robotic-assisted (RL)
N=278 (9.3%)

Open lobectomy (OL)
N=828 (7.3%)

VATS lobectomy (VL)
N=743 (7.9%)

•
Propensity score matching
(1:1)

Robotic-assisted vs. open
N=232 (each)

•

Covariates
Patient characteristics:
gender, race, Elixhauser
comorbidity score,
malignancy indication
Hospital characteristics:
payor, census region,
teaching status, hospital
location, bed size

VATS vs. open
N=562 (each)

Figure 1 Disposition of lobectomy patients as reported in the Premier Database.

perioperative outcomes (operating room time, conversion
to open, blood transfusions, length of stay), discharge
status, and complications thorough 30 days. The periods at
which complications were assessed included intraoperative,
postoperative (surgery through discharge), and 30-days
(admission through 30 days). Peri-operative morbidity and
mortality has been limited to 30-days due to lack of uniform
longitudinal data beyond 30-days. Risk stratification of
patient comorbidities was performed using the Elixhauser
comorbidity index, a validated means of categorizing
31 comorbidities of patients based on ICD-9 codes (11).
One-to-one propensity score matching (PSM) with a
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caliper size of 0.01 was performed to lessen the potential for
selection bias between the surgical approaches (12). Matching
was performed using the nearest neighbor method and two
separate comparisons were made: robotic-assisted lobectomy
(RL) versus open lobectomy (OL) and VATS lobectomy (VL)
versus open lobectomy. Covariates included in the matching
were: patient characteristics (gender, race, type of malignancy,
Elixhauser comorbidity score) and hospital characteristics
(payor type, location of the hospital (urban/rural), number
of beds in a hospital, census region and teaching status).
Univariate analysis was performed before and after PSM to
compare the surgical approaches—robotic-assisted, VATS
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Table 1 Patient demographics and baseline characteristics prior to propensity matching (unadjusted)
Characteristic

Robotic-assisted
(RL), N=278

Mean age (SD), years

VATS (VL), N=743

Open (OL), N=828

P value
(RL vs. OL)

P value
(VL vs. OL)

82.3 (2.3)

82.6 (2.2)

82.5 (2.2)

0.1935

0.1228

Female

138 (49.6)

379 (51.0)

353 (42.6)

0.0494

0.0011

Male

140 (50.4)

364 (49.0)

475 (57.4)
0.0777

0.7527

0.0031

<0.0001

0.0011

0.0761

Gender, n (%)

Race, n (%)
Black or African American
White or Caucasian
Hispanic
Other
Mean Elixhauser comorbidity score (SD)

4 (1.4)

29 (3.9)

31 (3.7)

219 (78.8)

617 (83.0)

674 (81.4)

1 (0.4)

1 (0.1)

2 (0.2)

54 (19.4)

96 (12.9)

121 (14.6)

4.1 (1.8)

4.1 (2.0)

4.6 (2.1)

Malignancy Indication, n (%)
Primary neoplasm of lung

247 (88.8)

692 (93.1)

787 (95.0)

Metastases other than lung

10 (3.6)

12 (1.6)

16 (1.9)

No cancer

21 (7.6)

39 (5.2)

25 (3.0)

VATS, video-assisted thoracoscopic surgery; SD, standard deviation of the mean.

and open—using the Student’s t-test for continuous variables
and Chi-squared test or Fisher’s exact test for categorical
variables. Two-sided P values <0.05 were considered
statistically significant. Sample selection and creation of
analytic variables were performed using Instant Health Data
(IHD) platform (Boston Health Economics, Inc., Waltham,
MA). Statistical analyses were undertaken with R-statistical
software, version 3.2.1.
Results
From January 2011 through September 2015 a total of
28,876 lobectomies were reported to the Premier database
of which 23,779 lobectomies were elective. A total of
1,849 octogenarian patients met the inclusion criteria.
The distribution of surgical approaches consisted of 828
(44.8%) open, 743 (40.1%) VATS, and 278 (15%) roboticassisted lobectomies. After propensity matching for two
comparisons, 87% of patients who underwent open
lobectomy in the RL vs. OL comparison arm overlapped
with the patients who underwent open lobectomy in the
VL vs. OL comparison arm, indicating that a similar
open lobectomy population was compared to both RL
and VL cohorts. The demographic, payor, and hospital
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characteristics of unmatched patients are shown in
Tables 1,2 and depict statistically significant differences in
gender, Elixhauser comorbidity score, type of malignancy,
and all hospital characteristics. After propensity-score
matching, patient populations were similar across both
comparisons.
The first comparative analysis was of propensity-matched
patients in the open and robotic-assisted lobectomy cohorts
(n=232 in each group); patient and hospital characteristics
were statistically similar after matching (Tables 3,4).
Perioperative outcomes also were compared between
matched robotic-assisted and open approaches (Table 5).
Mean operating-room time (wheels-in to wheels-out)
was significantly longer in the robotic-assisted cohort by
49 minutes, but there was no difference in intraoperative
complication rate. There was a 5% rate of conversion to
open in the RL cohort. Postoperatively, RL was associated
with a significantly lower overall complication rate than the
OL cohort (38.8% vs. 49.6%, respectively; P=0.0249) and
a shorter length of stay by a median of 2 days (P<0.0001).
Significantly more patients in the RL cohort were
discharged directly to home (78.4% vs. 69.0%) rather than
to an intermediate healthcare facility (18.9% vs. 28.8%,
respectively; P=0.0435). Postoperative and 30-day mortality
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Table 2 Payor and hospital characteristics prior to propensity matching (unadjusted)
Characteristic

Robotic-assisted (RL),
N=278

VATS (VL), N=743

Open (OL), N=828

Payor, n (%)
Commercial

10 (3.6)

23 (3.1)

13 (1.6)

Medicaid

6 (2.2)

11 (1.5)

4 (0.5)

Medicare

260 (93.5)

700 (94.2)

803 (97.0)

2 (0.7)

9 (1.2)

8 (1.0)

Other

P value
(RL vs. OL)

P value
(VL vs. OL)

0.0119

0.0353

<0.0001

<0.0001

0.0007

<0.0001

<0.0001

<0.0001

<0.0001

0.0025

Hospital
Census region, n (%)
Midwest

28 (10.1)

88 (11.8)

200 (24.2)

Northeast

58 (20.9)

230 (31.0)

81 (9.8)

South

157 (56.5)

280 (37.7)

388 (46.9)

West

35 (12.6)

145 (19.5)

159 (19.2)

Location, n (%)
Urban

264 (95.0)

718 (96.6)

724 (87.4)

Rural

14 (5.0)

25 (3.4)

104 (12.6)

Teaching status, n (%)
Academic
Community

187 (67.3)

408 (54.9)

352 (42.5)

91 (32.7)

335 (45.1)

476 (57.5)

Number of beds, n (%)
0–99

0 (0)

13 (1.75)

15 (1.8)

100–199

15 (5.4)

48 (6.5)

67 (8.1)

200–299

19 (6.8)

84 (11.3)

128 (15.5)

300–399

34 (12.2)

137 (18.4)

185 (22.3)

400–499

23 (8.3)

144 (19.4)

157 (19.0)

187 (67.3)

317 (42.7)

276 (33.3)

500+

VATS, video-assisted thoracoscopic surgery.

rates were similar between cohorts.
Types of complications (11) are reported in Table 6. At
an individual complication level, RL had significantly less
post-operative bleeding (7.3% vs. 15.5%, P=0.0086) and
need for transfusion (3.0% vs. 7.8%, P=0.0398) compared
to OL There were similar rates of acute respiratory failure
(7.3% in RL vs. 10.3% in OL; P=0.3264) and postoperative
pneumonia (8.2% in RL vs. 9.9% in OL; P=0.6274). There
was no difference in air leak between the two cohorts (9.5%
in RL vs. 8.2% in OL; P=0.7436). There was a trend toward
fewer atrial arrhythmias in the RL cohort, but this did not
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reach statistical significance (P=0.0929).
The second analysis was a comparison of propensitymatched patients in the open and VATS lobectomy cohorts
(n=562 in each group); the statistically similar patient and
hospital characteristics after matching are presented in
Tables 3,4. Perioperative outcomes are presented in Table 5.
Mean operative time (wheels-in to wheels-out) was slightly
longer for VL but the difference did not reach statistical
significance. There was a 14% rate of conversion to open
in the VL cohort; however, the intraoperative complication
rate was similar between cohorts. There was no difference
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Table 3 Patient demographics and baseline characteristics after propensity matching (1:1)
Characteristic

Robotic-assisted
(RL), N=232

Open (OL),
N=232

P value
(RL vs. OL)

VATS (VL),
N=562

Open (OL),
N=562

P value
(VL vs. OL)

82.3 (2.3)

82.4 (2.2)

0.3308

82.6 (2.2)

82.4 (2.2)

0.2686

Mean age (SD), years
Gender, n (%)

0.515

0.9524

Female

105 (45.3)

113 (48.7)

271 (48.2)

269 (47.9)

Male

127 (54.7)

119 (51.3)

291 (51.8)

293 (52.1)

Race, n (%)
Black or African American
White or Caucasian
Hispanic
Other
Mean Elixhauser Comorbidity Score (SD)

0.5189
4 (1.7)

5 (2.2)

19 (3.4)

25 (4.4)

184 (79.3)

191 (82.3)

468 (83.3)

468 (83.3)

0 (0)

1 (0.4)

1 (0.2)

1 (0.2)

44 (19.0)

35 (15.1)

74 (13.2)

68 (12.1)

4.3 (1.8)

4.2 (1.7)

Malignancy indication, n (%)
Primary neoplasm of lung

0.7839

0.6518

4.25 (2.0)

4.3 (1.9)

0.9699

0.6547
0.9010

217 (93.5)

216 (93.1)

527 (93.8)

530 (94.3)

Metastases other than lung

7 (3.0)

7 (3.0)

11 (2.0)

11 (2.0)

No cancer

8 (3.4)

9 (3.9)

24 (4.3)

21 (3.7)

VATS, video-assisted thoracoscopic surgery; SD, standard deviation of the mean.

in the overall postoperative complication rate with VL
compared to open. Length of stay was shorter for the
VL cohort by a median of 1 day [mean, 8.1 vs. 9.7 days,
respectively (P<0.0001)] and more VL patients were
discharged directly to home (74.5% vs. 67.2%) rather
than to a transitional healthcare facility (21.6% vs. 30.1%,
respectively; P=0.0037). There was no difference in
postoperative or 30-day mortality rates between open and
VL patients.
Relevant complications are presented in Table 6;
complication rates were comparable between the VL and
open cohorts. There was a trend toward fewer postoperative
transfusions in the VL cohort, but this did not reach
statistical significance (P=0.08). Rates of acute respiratory
failure were similar (10.9% VL vs. 12.4% OL, P=0.4571) as
were rates of postoperative pneumonia (9.6% VL vs. 11.2%
OL; P=0.4346).
Discussion
Recent data indicate the steady increase in proportion of
octogenarians among lung cancer patients from 10% in
1996 to 17% in 2010 (13). In addition, the absolute number
of octogenarians with lung cancer has been increasing,
with a six-fold increase in patients with clinical stage I–
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II NSCLC from the late 1980s to the mid-2000s (14).
However, increasing age is also associated with decreasing
rates of surgery, despite numerous publications reporting
acceptable morbidity and mortality rates in this higher
risk patient population (2). The reluctance to offer surgery
is due to the increased comorbidities in the elderly, with
some series reporting 64–73% of their octogenarian
surgical patients having at least one risk factor for surgery
(15,16). Comorbidities in the elderly are associated with
adverse outcomes, with one study reporting a 10% decline
in postoperative survival in patients with 2 or more
comorbidities (1). However, over the last two decades, the
surgical care of octogenarians has improved with better
outcomes, warranting an updated analysis (14).
This study is a current analysis of perioperative outcomes
in octogenarians undergoing lobectomy and describes
the largest matched series to date of minimally invasive
lobectomy outcomes in this elderly group. Real-world data
describing robotic-assisted, VATS, and open techniques
show that open thoracotomy is still the most commonly
performed approach in this elderly population (45%),
followed by VATS (40%), and robotic-assisted lobectomy
(15%). VATS and robotic-assisted approaches comprise
55% of all lobectomies in octogenarians, indicating that
when the two techniques are combined, minimally invasive
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Table 4 Payor and hospital characteristics after propensity matching (1:1)
Variable

Robotic-assisted
(RL), N=232

Open (OL),
N=232

P value
(RL vs. OL)

Payor, n (%)

VATS (VL),
N=562

Open (OL),
N=562

0.9115

0.8977

Commercial

1 (0.4)

2 (0.9)

10 (1.8)

13 (2.3)

Medicaid

3 (1.3)

2 (0.9)

5 (0.9)

4 (0.7)

Medicare

226 (97.4)

226 (97.4)

541 (96.3)

540 (96.1)

2 (0.9)

2 (0.9)

6 (1.1)

5 (0.9)

Other

P value
(VL vs. OL)

Hospital
Census region, n (%)

0.788

0.8551

Midwest

28 (12.1)

31 (13.4)

88 (15.7)

95 (16.9)

Northeast

41 (17.7)

35 (15.1)

80 (14.2)

80 (14.2)

South

128 (55.2)

135 (58.2)

262 (46.6)

266 (47.3)

West

35 (15.1)

31 (13.4)

132 (23.5)

121 (21.5)

Location, n (%)

0.2915

0.7657

Urban

218 (94.0)

211 (90.9)

537 (95.6)

540 (96.1)

Rural

14 (6.0)

21 (9.1)

25 (4.4)

22 (3.9)

Teaching status, n (%)
Academic
Community

0.9242
142 (61.2)

140 (60.3)

262 (46.6)

267 (47.5)

90 (38.8)

92 (39.7)

300 (53.4)

295 (52.5)

Number of beds, n (%)
0–99

0.8111

0.7973

0.8542

0 (0)

2 (0.9)

12 (2.1)

7 (1.2)

100–199

15 (6.5)

13 (5.6)

43 (7.7)

41 (7.3)

200–299

19 (8.2)

20 (8.6)

66 (11.7)

60 (10.7)

300–399

34 (14.7)

31 (13.4)

119 (21.2)

122 (21.7)

400–499

23 (9.9)

22 (9.5)

105 (18.7)

104 (18.5)

141 (60.8)

144 (62.1)

217 (38.6)

228 (40.6)

500+

VATS, video-assisted thoracoscopic surgery.

approaches have been adopted in the majority of cases for
this higher risk population.
Overall, minimally invasive surgery in the octogenarian
population was associated with improved outcomes
compared to open thoracotomy. Despite the longer
operating-room times with RL and VL, intraoperative
complication rates were comparable to open cases. Albeit
not a direct comparison, the conversion rate in the roboticassisted cohort appears lower at 5% compared to 13.9% in
the VL group. For both RL and VL patients, length of stay
and the proportion of patients discharged directly to home
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compared favorably to the open cohort. These metrics
indicate that both robotic-assisted and VATS techniques
offer potential advantages to this higher risk population and
are associated with faster recovery than open surgery.
Overall postoperative complications were significantly
lower in the robotic-assisted group compared to the open
group; however, a similar finding was not observed in
the VATS versus open comparison. Of note, there was a
significant difference in rates of post-operative bleeding
and need for transfusion favoring RL versus OL, a disparity
not seen in the VL versus OL comparison. The reason
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Table 5 Summary of clinical outcomes—matched analysis (1:1)
Robotic-assisted
(RL), N=232

Open (OL),
N=232

P value
(RL vs. OL)

VATS (VL),
N=562

Open (OL),
N=562

271.4 (91.0)

221.95 (79.9)

<0.0001

232.2 (86.9)

226.7 (89.6)

12 (5.2)

NA

6 (2.6)

10 (4.3)

Postoperative

90 (38.8)

30-day

100 (43.1)

Variable
Mean operating room time (SD), min
Conversion to open, n (%)

P value
(VL vs. OL)
0.0936

78 (13.9)

NA

0.4464

18 (3.2)

18 (3.2)

1.0000

115 (49.6)

0.0249

260 (46.3)

282 (50.2)

0.2100

120 (51.7)

0.0773

280 (49.8)

303 (53.9)

0.1891

Complications, n (%)
Intraoperativea
b

Hospital LOS, d
Mean (SD)

<0.0001

<0.0001

7.43 (4.9)

9.54 (5.6)

8.1 (5.8)

9.7 (7.0)

6

8

7

8

Median
Discharge status, n (%)

0.0435

0.0037

Health facility

44 (19.0)

67 (28.9)

121 (21.6)

169 (30.1)

Home

182 (78.4)

160 (69.0)

417 (74.5)

378 (67.3)

In-hospital

6 (2.6)

5 (2.2)

1.0000

22 (3.9)

15 (2.7)

0.3105

30-day

8 (3.4)

5 (2.2)

0.5737

24 (4.3)

19 (3.4)

0.5339

c

Mortality , n (%)

a

b

, intraoperative complications included intraoperative bleeding and iatrogenic injuries; , postoperative complications included all
complications occurring after surgery through discharge; c, mortality rate was measured from admission to discharge (“In-hospital”) and
admission to 30 days (“30-day”). VATS, video-assisted thoracoscopic surgery; SD, standard deviation of the mean; LOS, length of stay.

for differences in these outcomes could not be obtained
from the dataset. One possibility, however, is that VATS
lobectomy may represent a relatively heterogeneous
set of approaches that, in many cases, may involve rib
spreading or mini thoracotomy, and which may offset some
advantages of a true VATS technique. The experience of
all of the surgeons is also unclear from the dataset, and it
is possible the robotic surgeons were more experienced.
The published literature comparing VATS to open
lobectomy in the octogenarian population has yielded
mixed results. Some authors have reported significantly
better outcomes with fewer complications when comparing
VATS to open (7,8). McVay and colleagues reported the
largest VATS lobectomy series (n=153) in the octogenarian
population (17) with excellent outcomes (1% conversion
rate and 18% postoperative complication rate). However,
other investigators have compared VATS to open cases in
octogenerians and reported that postoperative complications
were similar between both groups (4,18).
The Premier database represents real-world outcomes
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from a diverse group of surgeons and hospitals. In the
current study, nearly 40% of robotic-assisted cases and
more than 50% of VATS cases came from community
hospitals. Although we did not compare outcomes with
younger patients, the outcomes in the octogenarian
population in this analysis can be benchmarked with a
recent publication on all elective lobectomies during the
same study period. In that study, Oh et al. identified the
overall postoperative complication rate ranged from 34%
for robotic-assisted lobectomy to 46% for open lobectomy
with a length of stay ranging from a median of 5 days for
robotic lobectomy to 7 days with open thoracotomy (10).
In comparison to the current data in octogenarians, it is
apparent that the elderly population is associated with more
postoperative complications and longer length of stay. In
addition, in the overall lobectomy population from that
previous publication, approximately 90% of patients were
discharged directly home following lobectomy, compared
to 67–78% in the octogenarian cohort reported here (10).
These comparative data are valuable when discussing
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Table 6 Complications—matched analysis (1:1)
Complications

Robotic-assisted
(RL), N=232

Open (OL),
N=232

4 (1.7)

9 (3.9)

13 (5.6)

P value
(RL vs. OL)

VATS (VL),
N=562

Open (OL),
N=562

P value
(VL vs. OL)

Bleeding, n (%)
Intraoperative bleeding

0.26

13 (2.3)

13 (2.3)

1.0000

14 (6.0)

1.0000

29 (5.2)

39 (6.9)

0.2602

17 (7.3)

36 (15.5)

0.0086

72 (12.8)

84 (14.9)

0.3426

7 (3.0)

18 (7.8)

0.0398

32 (5.7)

48 (8.5)

0.0818

Acute respiratory failure

17 (7.3)

24 (10.3)

0.3264

61 (10.9)

70 (12.4)

0.4571

Air leak

22 (9.5)

19 (8.2)

0.7436

52 (9.3)

46 (8.2)

0.5970

Atelectasis

33 (14.2)

41 (17.7)

0.3748

84 (14.9)

96 (17.1)

0.3710

Pneumonia

19 (8.2)

23 (9.9)

0.6274

54 (9.6)

63 (11.2)

0.4346

Mechanical Ventilation

19 (8.2)

20 (8.6)

1.0000

48 (8.5)

57 (10.1)

0.4122

35 (15.1)

50 (21.6)

0.0929

103 (18.3)

121 (21.5)

0.2043

Myocardial Infarction

3 (1.3)

4 (1.7)

1.0000

8 (1.4)

11 (2.0)

0.6648

Deep venous thrombosis

2 (0.9)

2 (0.9)

1.0000

2 (0.4)

7 (1.2)

0.1779

Pulmonary embolism

0 (0)

2 (0.9)

N/A

6 (1.1)

5 (0.9)

1.0000

Intraoperative transfusion
Postoperative bleedinga
a

Postoperative transfusion
b

Respiratory , n (%)

Cardiovascularb, n (%)
Atrial arrhythmia

a

b

, postoperative bleeding and transfusions that occurred through discharge; , respiratory and cardiovascular complications included
complications occurring from admission to 30 days. N/A, not applicable.

with octogenarian patients the perioperative risks and
expectations following surgery. With overall postoperative
complications ranging from 40% to 50% across all surgical
techniques in the octogenarian population, there is certainly
a need for improvement in the postoperative management
of these patients, as well as judicious patient selection.
Overall, postoperative mortality outcomes from
lobectomy in the octogenarian population are acceptable
as reported in this database, ranging from 2.2–4.3%, and
do not differ significantly between surgical approaches.
It is worth noting that the mortality rate is lower than
what has been previously published, which ranges from
6.3–9.4% (1,15,19,20). Although this improvement in
mortality reported here likely reflects better patient
selection over time, it may also represent a better general
health state of modern octogenarian patients than in the
past as well as improved surgical techniques. Nonetheless,
the postoperative mortality after elective lobectomy in the
general population was 1.2–2.2% during the same period,
so there does appear to be an inherent increased risk in this
older cohort (10). This study is limited to 30-day mortality,
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and it would be of interest to compare 90-day mortality in
octogenerians who have lobectomy relative to the overall
population since this metric may be more informative in
the frail patient (21). In the era of increasing SBRT use
for lung cancer in the elderly population, these real-world
outcomes indicate that minimally invasive lobectomy in the
octogenarian population can be accomplished safely with
low perioperative mortality and should give pause to the
assumption that very elderly patients are inoperable.
This study does have several inherent limitations,
including its retrospective nature and the use of a large
national insurance database. As an example, the Premier
database does not include information on cancer stage
or size of tumor, allowing the possibility that the open
cohort comprised patients with larger tumors or more
lymphadenopathy. Although propensity matching was used to
compare distinct matched pairs of robotic-assisted and VATS
patients versus OL, we could not simultaneously perform a
third comparison between RL vs. VATS. This would have
resulted in far fewer included patients, introduced significant
statistical complexity, instability and variability, and ultimately
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would have compromised the validity of the current study
methodology and findings. Thus, we elected to omit this
comparison as the aim of the study was to compare minimally
invasive techniques to open.
In conclusion, this current analysis of real-world
outcomes for lobectomy in octogenarians shows that
minimally invasive techniques now comprise more than
half of all cases in this patient population. Both roboticassisted and VATS lobectomy cohorts were associated with
improved lengths of stay and discharges to home compared
to open lobectomy, and robotic-assisted lobectomy was
associated with fewer postoperative complications, including
bleeding and need for blood transfusions, compared to
open. Nationwide there are improving postoperative
mortality rates in octogenarian patients compared to older
published reports. These findings suggest that minimally
invasive lobectomy is a viable option in octogenarians with
improved outcomes compared to open thoracotomy. The
robotic-assisted approach may yield the most favorable
complication profiles, although more directed comparisons
between robotic-assisted and VATS procedures are needed
to better assess this.
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