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OBJECTIVE: To review our experience with video-assisted thoraco-
scopic (VATS) lobectomy with respect to morbidity, mortality, and
short-term outcome.

PATIENTS AND METHODS: VATS lobectomies were performed in 56
patients between July 6, 2006, and February 26, 2008. Two
patients declined consent for research participation and were
excluded. Clinical data for 54 patients were collected from
medical records and analyzed retrospectively.

RESULTS: The studied cohort included 19 men (35%) and 35
women (65%) with a median age of 67.5 years (minimum-
maximum, 21-87 years; interquartile range [IQR], 59-74 years).
Median duration of operation for VATS lobectomy was 139
minutes (minimum-maximum, 78-275 minutes; IQR, 121-182
minutes). Two cases (4%) required conversion to open lobectomy.
Median time to chest tube removal was 2 days (minimum-
maximum, 1-12 days; IQR, 1.3-3.8 days). Median length of stay
was 4 days (minimum-maximum, 1-12 days; IQR, 4-7 days). There
was no operative mortality.

CONCLUSION: VATS lobectomy is safe and feasible for pulmonary
resection. This minimally invasive approach may allow patients to
benefit from lobectomy with shorter recovery times and hospital
stays compared with conventional open thoracotomy.

Mayo Clin Proc. 2009;84(6):509-513

IQR = interquartile range; NSCLC = non–small cell lung cancer; VATS=
video-assisted thoracoscopic

Video-assisted thoracoscopic (VATS) surgery was
first described by several groups in the early 1990s.

Initial applications included exploration of the chest,
management of pleural effusion or pneumothorax, and
limited resection of lung nodules.1-6 In subsequent years it
has achieved broad application in clinical practice as a
minimally invasive tool for multiple indications.7-20 Tech-
niques for VATS lobectomy as an oncologic resection
emerged after this experience, with many large retrospec-
tive series showing the feasibility and safety of this mini-
mally invasive surgical approach.11,12,14-16,21-23 Although the
existing retrospective data suggest equivalent oncologic
outcomes with VATS lobectomy and lobectomy using a
conventional open thoracotomy, prospective studies are
needed to confirm this hypothesis and are ongoing.24 Com-
pared with the open approach, VATS lobectomies have the
potential advantage of decreased postoperative pain and a
shorter hospital length of stay.25-27 Other proposed advan-
tages of a thoracoscopic approach include decreased blood
loss, fewer postoperative complications, preserved pulmo-
nary function, decreased inflammatory response, and a
more rapid return to preoperative activity.10,11,14,15,20,25 If ad-
juvant chemotherapy or radiation therapy is indicated, a

potential shorter postoperative recovery time may allow
adjuvant treatment at a shorter postoperative interval with
better adherence and treatment completion rates.12,28

VATS lobectomies have been used routinely in our
department since July 2006. This report reviews our ex-
perience with the VATS approach with respect to morbidity
and mortality as well as its potential effect on the length of
patient hospitalization.

PATIENTS AND METHODS

Patients were identified from a database of operations
performed by the Division of General Thoracic Surgery at
Mayo Clinic’s site in Rochester, MN. Between July 6, 2006,
and February 26, 2008, 56 patients were selected to undergo
VATS lobectomy and 320 patients to undergo open lobec-
tomy. Our selection criteria for VATS continue to evolve.

The study was approved by the Mayo Clinic Institutional
Review Board. Two patients were not included in this study
because they declined consent for research participation. The
demographic and medical data of the remaining 54 patients
were collected from their medical records and analyzed
retrospectively.

PROCEDURE

At our institution, VATS lobectomy is conducted with
general anesthesia using a double-lumen endotracheal tube.
The patient is positioned on the operating table in the lateral
decubitus position. A standard thoracoscopy is then
performed with three 10-mm incisions: a camera port is
placed in the anterior axillary line in the 7th or 8th intercostal
space; an anterior port, between the latissimus dorsi and
pectoralis major muscles in the 4th or 5th intercostal space;
and a posterior port, adjacent to the scapula in the 5th or 6th
intercostal space. Through these working thoracoscopy
ports, an exploratory thoracoscopy is performed. Sub-
sequently, the anterior thoracoscopy incision is extended to
create a 3- to 5-cm muscle-sparing access incision (Figure)
to proceed with VATS lobectomy and allow for removal of
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the lobectomy specimen. Rib spreading and rib retractors
are avoided. As in open lobectomy, the pulmonary vein
branches from the targeted lobe are identified and dissected
before their division using an endoscopic stapling device.
Pulmonary artery branches and the bronchus are identified,
dissected, stapled, and divided in a similar manner. The
specimen is removed from the pleural space within an endo-
scopic bag to avoid port-site contamination. After the lobec-
tomy is completed, a hilar and mediastinal lymphadenec-

tomy or lymph node sampling is performed. Hemostasis and
bronchial stump integrity are confirmed before closure. The
incisions are closed after a chest tube is placed via the
inferior thoracoscopy port. The chest tube is connected to the
water seal via a pleural collection device.

Depending on the chosen mode of pain management, an
epidural catheter is placed before surgery or intravenous
patient-controlled analgesia is used after surgery once intra-
operative intercostal nerve blocks have been placed.

STATISTICAL ANALYSES

The SPSS software package 14.0 for Windows (SPSS, Chi-
cago, IL) was used for statistical analyses. Data are presented
as median with minimum and maximum values and
interquartile range (IQR) for continuous variables and per-
centages for dichotomous variables.

RESULTS

Of the 54 study patients, 19 (35%) were men and 35 (65%)
were women. Their median age was 67.5 years (minimum-
maximum, 21-87 years; IQR, 59-74 years). Table 1
describes overall patient characteristics.

A smoking history was obtained before pulmonary resec-
tion in all patients in accordance with our institutional thoracic
surgery quality standards29; 13 patients (24%) were never
smokers, 36 (67%) were former smokers and 5 (9%) patients
were current smokers or had quit within a month of their
operation. All current smokers were counseled on smoking
cessation and offered referral to our institution’s smoking
cessation program.29 Among the former and active smokers,
pack-year history varied from 1.5 up to 150 pack-years.

There were only 5 patients (9%) who had no noted co-
morbidities. Thirty-seven patients (69%) had cardiovascular
comorbidities, such as coronary artery disease, prior myo-
cardial infarction, stroke or transient ischemic attack, or
peripheral vascular disease. Seven patients (13%) had sub-
stantial chronic pulmonary obstructive disorder. Other fre-
quent comorbidities documented were hypertension (35%),
dyslipidemia (32%), and former malignancies (22%).

Complete preoperative pulmonary function tests con-
sisting of forced expiratory volume in the first second of
expiration, forced vital capacity, and the diffusing capacity
of the lung for carbon monoxide were obtained in 46 patients
(85%). Detailed baseline pulmonary function test results are
summarized in Table 2.

A mediastinoscopy was performed in 35 patients (65%)
during the same operation before thoracoscopy and VATS
lobectomy. A VATS wedge excisional biopsy was per-
formed for diagnosis before completion of VATS lobectomy
in 20 patients (37%). Median duration of surgery for the
VATS lobectomy alone was 139 minutes (minimum-

FIGURE. Video-assisted thorascopic lobectomy incisions.

TABLE 1. Characteristics of 54 Study Patients Undergoing
VATS Lobectomya

Sex
Male 19 (35)
Female 35 (65)

Age (y), median (minimum-maximum; IQR) 67.5 (21-87; 59-74)
Smoking history

Never 13 (24)
Former 36 (67)
Active 5 (9)

Comorbidities
None 5 (9)
1 or multiple 49 (91)

Mortality
Intraoperative 0 (0)
30-d 0 (0)

LOS (d), median (minimum-maximum; IQR) 4 (1-12; 4-7)
Unplanned hospital readmission (d)  6 (11)

Median (minimum-maximum; IQR) 7 (5-17; 7-8)
Follow-up (mo), median (minimum-maximum;

IQR) 11 (1-26; 5-13)

a Data are given as number (percentage) of patients, unless otherwise
indicated. IQR = interquartile range; LOS = length of hospital stay;
VATS = video-assisted thoracoscopic.
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maximum, 78-275 minutes; IQR, 121-182 minutes). In cases
preceded by a VATS wedge excisional biopsy, the median
operative time was 171 minutes (minimum-maximum, 114-
304 minutes; IQR, 132-190 minutes). Conversion to an open
procedure was necessary in 2 patients because of bleeding
from the pulmonary artery.

The types of lobectomies performed and their frequency
are shown in Table 3. The median estimated blood loss was
150 mL. One patient, who was converted to an open lobec-
tomy, required intraoperative transfusion with blood prod-
ucts (red blood cells and fresh frozen plasma) because of
considerable blood loss.

A single chest tube was inserted in 52 patients (96%).
Two chest tubes were used for the 2 patients converted to an
open lobectomy.

Histology of the excised lesions is shown in Table 4. The
median tumor size was 2.2 cm (minimum-maximum, 0.5-5.0
cm; IQR, 1.6-3.0 cm). According to the final pathology
reports of patients undergoing surgery for non–small cell
lung cancer (NSCLC) (n=45), pathological stage IA was
found in 28 patients (62%), IB in 12 (27%), IIA in 4 (9%),
and IIB in 1 (2%). Five patients were diagnosed as having
stage I carcinoid tumors (4 were identified as typical
carcinoids and 1 was unspecified), and 1 patient was
diagnosed as having limited small cell lung cancer on final
pathology. Two resections were conducted for a solitary
metastasis not otherwise amenable to limited resection: one
for a colon cancer recurring 5 years after the resection of the
primary colon tumor and one for a lesion diagnosed as
metastatic renal cell cancer that recurred 12 years after

resection of the primary renal cell tumor. One patient was
diagnosed as having benign disease on final pathology,
showing an organizing pneumonia with an adjacent
inflammatory abscess cavity. Data on collected lymph nodes
were available for all 54 patients. The median number of
total collected lymph nodes was 16.5 (minimum-maximum,
6-51; IQR, 11.3-22.0). In patients who underwent
mediastinoscopy, a median of 19 lymph nodes (minimum-
maximum, 6.0-51.0; IQR, 15.5-25.0 lymph nodes) were
collected, whereas in those patients who did not undergo
mediastinoscopy the median number of lymph nodes
obtained was 11.5 (minimum-maximum, 6-41; IQR, 8-14).
Final pathology confirmed complete resection without
microscopic residual tumor (R0-resection) in 100% of
patients with malignant disease (n=53). One re-resection of
the bronchial margin at the time of the operation was
necessary in a patient with a carcinoid tumor in order to
obtain R0-resection because pathological examination
revealed a second focus of carcinoid tumor in the resected
specimen separate from the primary tumor.

Pain management consisted of patient-controlled anal-
gesia in 42 patients (78%), an epidural catheter in 3 patients
(6%), and both in 9 patients (17%).

There was no operative or 30-day mortality. Of the study
patients, 35 (65%) had no postoperative complications. The
postoperative course of 4 patients (7%) was complicated by
a prolonged air leak (>7 days), 1 of which required another
operation. Three of these patients were discharged from the
hospital with a Heimlich valve for further management.
Postoperative atrial fibrillation occurred in 3 patients (6%)
and sinus tachycardia in 1 (2%). All were responsive to
antiarrhythmic medical therapy. Other observed complica-
tions were urinary tract infection or transitory urinary
retention in 3 patients (6%), ileus in 2 patients (4%), and
chyle leak, pneumothorax, delirium, and bilateral effusions/
pulmonary edema requiring diuresis in 1 patient each (2%).

Chest tubes were removed after a median of 2 days after
surgery (minimum-maximum, 1-12 days; IQR, 1.3-3.8
days); as already noted, 3 of the patients from whom chest
tubes were removed were converted to a Heimlich valve
after 3 to 12 days. The chest tube was removed on post-

TABLE 2. Baseline Pulmonary Function Test Results
in 46 Patients Undergoing VATS Lobectomya

Median (minimum-maximum;  IQR)

FEV
1
 (L) 2.27 (0.84-4.25; 1.67-2.69)

FEV
1
 (% predicted)    87 (28-121; 62.5-98.5)

FVC (liters) 3.34 (1.75-6.11; 2.64- 4.01)
FVC (% predicted) 94.5 (53-132; 84.0-101.8)
DLCO (% predicted)    81 (23-123; 68.5-96.0)

a DLCO = diffusing capacity of lung for carbon monoxide; FEV
1
 = forced

expiratory volume in the first second of expiration; FVC = forced vital
capacity; IQR = interquartile range; VATS = video-assisted thoracoscopic.

   TABLE 3. Type of Lobectomy in 54 Patientsa

RUL 13 (24)
RLL   6 (11)
RML 2 (4)
LUL 21 (39)
LLL 12 (22)
Mediastinoscopy performed 35 (65)
Conversion to open thoracotomy 2 (4)

a Data are provided as number (percentage) of patients. LLL = left lower
lobe; LUL = left upper lobe; RLL = right lower lobe; RML = right
middle lobe; RUL = right upper lobe.

TABLE 4. Histology of Excised Lesions in 54 Patients Undergoing
Video-Assisted Thoracoscopic Lobectomya

Squamous cell carcinoma   9 (17)
Adenocarcinoma 34 (63)
Bronchoalveolar carcinoma 2 (4)
Small cell lung cancer 1 (2)
Metastasis 2 (4)
Other   6 (11)

Carcinoid 5 (9)
Benign (abscess) 1 (2)

a Data are provided as number (percentage) of patients.
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operative day 1 in 14 patients (26%) and on postoperative
day 2 in 15 patients (28%).

Patients were discharged a median of 4 days after their
surgery (minimum-maximum, 1-12 days; IQR, 4-7 days).
Discharge occurred on postoperative day 2 in 7 patients
(13%) and on postoperative day 3 in 12 patients (22%).
Unplanned readmission to the hospital within 30 days of
postoperative discharge occurred in 6 patients (11%) at a
median of 7 days after discharge (minimum-maximum, 5-17
days; IQR, 7-8 days). Readmissions were due to pain, short-
ness of breath, serous wound secretion, pneumonia, empy-
ema, and persistent air leak with subcutaneous emphysema
in 1 patient each.

All patients were evaluated by our multidisciplinary lung
cancer team. No adjuvant treatment was used in 41 (91%) of
the 45 patients with NSCLC. Adjuvant chemotherapy was
given to 6 patients: 4 patients with NSCLC, 1 patient with
resected small cell lung cancer, and 1 patient with metastatic
renal cell cancer. Progressive disease with local recurrence
or distant metastases was noted in 2 (4%) of 45 patients.
None of the recurrences were in the location of port sites or
access incisions.

Median follow-up was 11 months (minimum-maximum,
1-26 months; IQR, 5-13 months). Nine patients (17%) were
lost to follow-up and 4 patients (7%) died during the follow-
up period. One patient died of progressive distant metastatic
disease 13 months after surgical resection of the primary
malignancy, 1 patient of ureteral carcinoma 8 months after
VATS lobectomy, and 2 patients of unknown causes 2
months after surgery.

DISCUSSION

The American College of Chest Physicians’ evidence-based
clinical practice guidelines for the treatment of stage I and II
NSCLC consider VATS lobectomy to be an acceptable
alternative to open thoracotomy.30 The main concern has
been to establish whether equivalent oncologic results can be
achieved with VATS lobectomy as with conventional open
thoracotomy. With VATS lobectomy vs conventional open
thoracotomy, an inadequate lymph node dissection is
possible, leading to an understaging of patients. Another
point of criticism is that a thorough bimanual lung palpation
possible during open thoracotomy to rule out further lung
nodules is not feasible via the minimally invasive VATS
approach. A recent prospective study by Cerfolio and
Bryant31 evaluated 166 patients undergoing open thora-
cotomy for NSCLC potentially removable by VATS. The
authors showed that 22% of patients had nodules that were
detected intraoperatively by means of bimanual lung palpa-
tion and that were missed by preoperative modern imaging;
8% of these were malignant. Although a control group did

not exist in this prospective study, the authors conclude from
their data that these nodules would have been missed using
minimally invasive approaches. The current overall litera-
ture suggests that VATS lobectomies provide oncologic out-
comes and long-term results comparable with those achieved
with open lobectomy.14,18,32 Because of the short follow-up
of the cohort in our study, a definite statement on long-term
local or distant recurrence cannot be made.

If adjuvant therapy is required, improved tolerance of
chemotherapy is another potential benefit of VATS lobec-
tomy compared with lobectomy through a conventional
thoracotomy.12,27,33 However, no randomized prospective
data are available to support this contention.

Given the rising percentage of elderly people in our
society and their ever-increasing life expectancy,34 tech-
nological advances are needed to enhance the safety of
surgery for elderly patients.35,36 According to the Sur-
veillance, Epidemiology and End Results database of the
National Cancer Institute, the median age at diagnosis of
lung cancer between 2001 and 2005 was 71 years; 28.9% of
the patients were aged 75 through 84 years, whereas 7.3%
were aged 85 years and older.37 In our series, 28% of
patients were aged 70 to 79 years, and 15% were older
than 80 years with no evidence of increased major
complications. Cattaneo et al26 showed in their retrospec-
tive, matched case-control series that VATS lobectomies
in septuagenarians are associated with fewer complications
and shorter hospital stays than open thoracotomies. An-
other retrospective study conducted by Mun and Kohno38

showed that VATS lobectomy used for early stage lung
cancer is also a safe and effective procedure in octogenar-
ians with proper patient selection. Likewise, in patients with
underlying pulmonary disease or diminished pulmonary
function, VATS lobectomies can be performed safely.33,39 In
our series, 43% of patients had a preoperative forced expira-
tory volume in the first second of expiration of 75% or less of
that predicted.

We continue to explore the possibility that the candidate
pool for surgical lobectomy can be expanded with the advent
of more minimally invasive approaches such as VATS lob-
ectomy. Indeed, such an expansion is one of the most exciting
possibilities raised by the use of these surgical techniques.

Atrial fibrillation is a common postoperative complica-
tion in thoracic surgery with rates of up to 20% reported for
open lobectomy.40,41 After VATS lobectomy, rates between
2.9%11 and 10.0%42 have been reported by the 2 largest
single-institution case series. McKenna et al27 reported a
very low incidence of atrial fibrillation (5 cases, 1.8%) in a
series of 282 consecutive patients with a median length of
hospital stay of 3 days. This phenomenon, however, might
be attributable to the short hospital stays of patients. In our
series, consistent with reported data, we observed a
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postoperative rate of atrial fibrillation of 6%. A lower
frequency of atrial fibrillation after minimally invasive
lobectomy remains controversial because data from 122
patients studied by Park et al43 suggest an equal frequency of
atrial fibrillation compared with lobectomy via open thora-
cotomy. Park et al concluded from their data that pro-
phylactic antiarrhythmic regimens should be the same for
both approaches.

CONCLUSION

Although multi-institutional, prospective, randomized trials
have yet to be completed and the size of our retrospective
study is limited, the early experience at our institution shows
that VATS lobectomy is associated with low perioperative
morbidity and mortality and therefore is a feasible and safe
approach to the surgical treatment of lung cancer. The
associated short hospital stays of patients may have an effect
on quality of life and overall health care costs for the
treatment of this disease.
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