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Objectives: The National Emphysema Treatment Trial (NETT) validated the efficacy of lung-volume reduction surgery (LVRS) in selected patients with emphysema; however, concerns about the safety and durability of the operation have
limited its clinical application. We evaluated our experience with LVRS, for the
time period since approval was given by the Centers for Medicare and Medicaid
Services, with respect to surgical morbidity and mortality, early and late functional outcomes, and long-term survival.
Methods: Retrospective analysis was performed on 91 patients for whom consent
was obtained for bilateral LVRS at our institution between January 2004 and June
2014. Primary outcomes analyzed were 6-month surgical mortality and overall
survival at 1, 2, and 5 years. Secondary outcomes (forced expiratory volume in
1 second [FEV1], residual volume, carbon monoxide diffusing capacity, a 6minute walk test, exercise capacity, and a shortness-of-breath questionnaire)
were analyzed for mean change from baseline at 1, 2, and 5 years after LVRS.
Results: The 6-month surgical mortality rate was 0%. At the 1- and 5-year
follow-up, 69% and 36% of the patients had an improvement in FEV1. The 1-,
2-, and 5-year FEV1 change in % predicted of the FEV1, compared with baseline
after LVRS, respectively, was 11.1% (95% CI: 8.6%, 13.6%); 8.7% (95% CI:
6.1%, 11.4%); and 11.1% (95% CI: 7.1%, 15.0%); and the maximal workload
(in watts [W]) had an average increase of: 10.7 W (95% CI: 6.9, 14.6); 7.6 W
(95% CI: 2.8, 12.4); and 10.24 W (95% CI: 4.4, 16.1). Overall survival (95%
CI) for the group was: 0.99 (95% CI: 0.96, 1.00) at 1 year; 0.97 (95% CI:
0.93, 1.00) at 2 years; and 0.78 (95% CI: 0.67, 0.89) at 5 years.
Conclusions: Given proper patient selection, LVRS is a safe operation. Early
functional measurements are consistent with significant clinical benefit. Longterm results demonstrate that improvements can be durable. Surgical LVRS
continues to represent the standard for lung-volume reduction therapy. (J Thorac
Cardiovasc Surg 2016;151:717-24)
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ABSTRACT

Kaplan-Meier survival curve.
Central Message
Lung-volume reduction surgery is a safe operation, given proper patient selection. Long-term
results demonstrate that improvements can be
durable.
Perspective
In an evaluation of our 10-year experience with
LVRS, the 6-month mortality was 0%. At the
1- and 5-year follow-up visits, 69% and 36%
of the patients showed improvement in FEV1.
Survival probability was 0.99 (95% CI: 0.96,
1.00) at 1 year, and 0.78 (0.67, 0.89) at 5 years.
LVRS is a safe and effective operation, and
long-term results demonstrate that functional
improvements can be durable.

See Editorial Commentary page 725.
See Editorials page 626 and 629.

The National Emphysema Treatment Trial (NETT)
demonstrated that lung-volume reduction surgery
(LVRS) could improve lung function and survival in patients who have certain defined clinical characteristics.1
Further analysis of the NETT data showed persistent
improvement in survival in surgically treated patients,
compared with medically treated patients.2 Despite these
results, adoption of LVRS in the United States for the
treatment of severe emphysema has been exceedingly
poor. A review of the Society of Thoracic Surgeons database identified only 538 such surgeries reported during an
8-year period.3 Possible reasons for this low level of adoption of LVRS include the following misperceptions: it
carries a high risk of surgical morbidity and mortality; it
requires an open surgical approach; it has poorly defined
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Abbreviations and Acronyms
CI
¼ confidence interval
CMS ¼ Centers for Medicare and Medicaid
Services
COPD ¼ chronic obstructive pulmonary disease
DLCO ¼ diffusion capacity of the lungs for carbon
monoxide
FEV1 ¼ forced expiratory volume in 1 second
GI
¼ gastrointestinal
GOLD ¼ Global Initiative for Chronic Obstructive
Lung Disease
ICU ¼ intensive care unit
IQR ¼ interquartile range
LVRS ¼ lung-volume reduction surgery
NETT ¼ National Emphysema Treatment Trial
PaCO2 ¼ partial pressure of carbon dioxide
PaO2 ¼ partial pressure of oxygen
RV
¼ residual volume
SOBQ ¼ University of California San Diego
Shortness-of-Breath Questionnaire
W
¼ watts
selection criteria; and any functional improvement is lacking in durability.
In addition, the persistent hope for less-invasive bronchoscopic alternatives has undoubtedly delayed the use of a surgical intervention in many patients. Since the Centers for
Medicare and Medicaid Services (CMS) released the National Coverage Determination4 for LVRS in November
2003, we have continued to actively perform LVRS at our
institution, and our approach and experience have
continued to evolve. Our study is designed to address specifically the issues of surgical safety, clinical efficacy, and
functional durability. This report details our clinical results
since the time at which CMS approved the procedure, and
defines our current surgical management approach.
METHODS
All patients referred for LVRS underwent full functional and radiologic
evaluation, which included pulmonary function testing with plethysmography, a high-resolution computed tomography scan, a quantitative perfusion
scan, a 6-minute walk test, a cardiopulmonary exercise test, a cardiac stress
test, an echocardiogram, and administration of the University of California
San Diego Shortness-of-Breath Questionnaire (SOBQ).5 All patients were
evaluated by thoracic surgeons who met the CMS and Joint Commission
on Accreditation of Healthcare Organizations standard of eligibility6 for performing LVRS, and by experienced LVRS pulmonologists and nurses.
The medical management of the emphysema patients was maximized
according to the GOLD (Global Initiative for Chronic Obstructive Lung
Disease) guidelines7; accordingly, all patients were enrolled in a 6- to 8week pulmonary rehabilitation program. Upon completion of the pulmonary rehabilitation program, reassessment (at minimum, a 6-minute walk
and cardiopulmonary exercise test) of the patient was performed to ascertain the appropriateness of LVRS at that time. At bimonthly, interdisciplinary LVRS team meetings, all potential LVRS candidates were
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presented and discussed in relation to the appropriateness of surgical intervention. Surgical candidates were selected according to CMS inclusion and
exclusion criteria,4 and all patients were either NETT group 1 (upper-lobe
predominant, low exercise) or 2 (upper-lobe predominant, high exercise).1
Approximately 15% of the patients who were referred for consideration
were offered and accepted LVRS.
Consent was obtained for all surgical patients for inclusion in the LVRS
Clinical Registry, which was approved by the institutional review board,
and data were collected prospectively. Retrospective analysis was performed on 91 patients who provided consent for bilateral LVRS at our institution between January 2004 and June 2014. For postoperative LVRS
testing, every effort was made to have patients return for follow-up evaluation at 6 months, and annually thereafter. However, distance, cost, and insurance coverage all played a role in patients’ willingness and ability to
return for follow-up.
The primary outcomes analyzed included 6-month surgical mortality
and morbidity; and overall survival at 1, 2, and 5 years. Secondary
outcomes included postbronchodilator forced expiratory volume in
1 second (FEV1), residual volume (RV), diffusion capacity of the lungs
for carbon monoxide (DLCO), postrehabilitation 6-minute walk test,
postrehabilitation exercise capacity (maximal workload), and postrehabilitation SOBQ total score. Baseline pulmonary function testing (FEV1, RV,
and DLCO) was reported before rehabilitation, unless the patient’s clinical
status warranted repeat testing; then postrehabilitation was reported.
Results of the 6-minute walk test and exercise capacity were reported
from testing performed after rehabilitation. These outcomes were
analyzed as the mean absolute change from baseline at 1, 2, and 5 years
after LVRS. All patients had upper lobe–predominant emphysema, as
assessed by high-resolution computed tomography (see Table 1 for
baseline characteristics).

Statistical Analysis
Descriptive statistics were used to summarize patient characteristics:
mean and SD, or median and interquartile range (IQR) for continuous variables; frequency and percentages for categoric variables. The percentages
of patients with various categories of changes for FEV1, maximum exercise
capacity, 6-minute walk test, and questionnaire score were calculated,
along with the percentage of patients who had improvement in each
outcome. For these analyses, all patients who were eligible for follow-up
were included in the analysis; patients who did not return were assumed
to have the second-worst category and thus were considered to have deteriorated in their functional outcomes.
Follow-up visit time points (range) were at: 6 months (3-9 months);
1 year (10-18 months); 2 years (19-30 months); and 5 years (49-72 months).
At each of these 3 time points, patients were considered eligible if they
reached the upper bound of the follow-up window at the date of the data
lock. For example, only patients who had 18 months of follow-up as of
July 23, 2014 were included in the 1-year analysis (no changes or additions
to data were allowed after July 23, 2014). For data for the patients who returned for follow-up, 2-sided, paired t tests were employed to compare
functional outcomes for each individual at 1, 2, and 5 years with their
baseline.
Additionally, longitudinal analyses using linear mixed-effects models
were conducted to assess the relationships between the absolute changes
from baseline in 3 main functional outcomes (FEV1 percentage predicted,
maximal workload, questionnaire score) and the actual follow-up times
(years). The models included a fixed effect for ‘‘time’’ (linear term), and
a residual random component to account for within-subject correlation.
Visual inspection of residual plots did not reveal any obvious deviations
from homoscedasticity or normality; therefore, no transformation of the
‘‘time’’ variable was required.
Survival estimates, along with a 95% confidence interval, were computed
using the Kaplan-Meier method. All analyses used a type I error, set at 0.05,
and were performed in SAS version 9.4 (SAS Institute, Cary, NC).
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TABLE 1. Baseline characteristics
Preoperative characteristics

Statistics (n ¼ 91)

Age (y)
62.5  6.3
25.2  3.8
Body mass index (kg/m2)
Race
White
82 (90.1)
Hispanic and black
9 (9.9)
Gender, male
38 (41.8)
Distribution of emphysema on chest tomography scan
Predominantly upper lobe
91 (100)
Maximal workload (W)
37.6  19.9
6-min walking test (ft.)
1248.1  263.6
FEV1 after bronchodilator use
% of predicted value
25.8  6.2
Absolute value
0.7  0.2
Residual volume (% of predicted value)
214.0  42.0
DLCO (% of predicted value)
28.6  7.2
PaCO2 (mm Hg)
40.2  6.5
PaO2 (mm Hg)
67.4  9.6
Type of surgery
Bilateral VATS
78 (85.7)
Median sternotomy
11 (12.1)
Right VATS
2 (2.2)
Total SOBQ score
61.1  18.2
Values are n (%), or mean  SD, unless otherwise indicated. W, Watts; FEV1, forced
expiratory volume in 1 second; DLCO, diffusing capacity of the lungs for carbon
monoxide; PaCO2, partial pressure of carbon dioxide; PaO2, partial pressure of oxygen; VATS, video-assisted thoracic surgery; SOBQ, University of California San
Diego Shortness-of-Breath Questionnaire.

Surgical Approach
The surgical approach before 2005 was either trans-sternal, bilateral
LVRS, or bilateral video-assisted thoracic surgery LVRS. Starting in
2005, all patients were approached using bilateral, video-assisted thoracic
surgery LVRS. Targeted lung tissue for resection was chosen based on preoperative radiologic assessment and intraoperative findings of air trapping
and perfusion. Approximately 25% to 35% of lung volume was removed
from each hemithorax. Staple-line reinforcement was routinely used, and
patients were scheduled for extubation at the completion of the procedure.
Chest-tube management was individualized, but control of the pleural
space was obtained with the minimal amount of chest-tube suction deemed
necessary. Persistent air leaks lasting>5 days were managed by conversion
of the chest-drainage system to a Heimlich valve, and the patient was subsequently managed as an outpatient.

RESULTS
Ninety-one patients underwent LVRS at our institution
between 2004 and 2014. The surgical approach was by sternotomy in 11 (12%) patients, bilateral video-assisted
thoracic surgery in 78 (86%), and right, video-assisted
thoracic surgery in 2 (2%) patients. Two surgeries were
limited to a unilateral procedure in the operating room,
necessitated by severe adhesions. Functional data were
collected on patients who decided to return for follow-up;
however, mortality data were available for all 91 patients.
Surgical Morbidity and Mortality
No surgery-related mortality occurred. At 6 months, all
patients were at home and had recovered from their surgical

intervention. The median length of hospital stay was 8 days
(IQR: 6-10 days), and the median length of intensive care
unit stay was 2 days (IQR: 1-3 days). Discharge disposition
was directly to home in 82 (90%) patients, to an inpatient
rehabilitation facility in 9 (10%) patients who subsequently
returned to home. Major surgery-related complications
included respiratory failure that necessitated reintubation
and/or tracheostomy in 3 patients, all of whom were weaned
and decannulated before discharge. Starting in 2010, no patients required postoperative reintubation. Additional complications included a prolonged air leak of >7 days in 52
(57%) patients, reoperation in 3 (3%) patients, cardiac
arrhythmia in 4 (4%) patients, and pneumonia in 4 (4%)
patients (Table 2).
1-Year Functional Results
Seventy-eight patients were eligible for the 1-year
follow-up visit; 1 patient died; 58 patients returned for
the 1-year follow-up visit; and 19 did not. Of the 78,
improvement was shown by 51% in maximal workload,
69% in FEV1, and 54% in questionnaire score. Among
those who returned, the mean absolute change in %
predicted of the FEV1, compared with baseline, was
11.1% (95% CI: 8.6%, 13.6%), with a corresponding
mean relative change of 43% (95% CI: 33%, 52%). The
% predicted of the residual volume, and the SOBQ
score, improved compared with baseline, with mean
changes of 64.4 (95% CI: 72.7, 56.1), and 27.4
(95% CI: 35.5, 19.4), respectively. The DLCO had a
mean increase of 5.2% (95% CI: 3.0%, 7.3%); the
maximal workload had an average increase of 10.7 W
(95% CI: 6.9, 14.6); and the 6-minute walking test
increased by 128.7 ft (95% CI: 76.9, 180.5) (Table 3;
Figure 1).
Two-Year Functional Results
Seventy-two patients were eligible for the 2 year
follow-up; 3 died, 41 were assessed, and 28 were
missing. Of this total, 32% showed improvement in
maximal workload, 50% in FEV1, and 42% in their
questionnaire score. A comparison of the patients who return for follow-up, with their own preoperative baseline
functional data, showed an increase in the % predicted
of the FEV1 value with a mean absolute change of
8.7% (95% CI: 6.1%, 11.4%), which represented a
mean improvement of 37% (95% CI: 25%, 48%)
from their baseline. The mean absolute change in % predicted of the residual volume decreased 65.3% (95% CI:
78.1%, 52.6%); the DLCO increased 6.4 (95% CI:
1.5, 11.3); the maximal workload had a mean increase
of 7.6 W (95% CI: 2.8, 12.4), and the 6-minute walk
test increased by an average of 125.3 ft. (95% CI:
63.5, 187). The SOBQ score improved, with a decrease
of 22.5 (95% CI: 31.7, 12.7) (Table 3; Figure 1).
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TABLE 2. Six-month surgical outcomes
Surgical outcomes

THOR

6-mo mortality (n ¼ 86 eligible)
Discharge disposition (n ¼ 91)
Home
Rehabilitation
Length of stay in ICU (d)
Length of stay in the hospital (d)
Complications
Prolonged air leak (>7 d)
Pneumonia
Cardiac arrhythmia
Respiratory failure/reintubation/tracheostomy
Reoperation
Gastrointestinal (bleeding, bowel obstruction)
Vocal cord injury
Deep vein thrombosis
Pulmonary embolism
Brachial nerve injury

n (%) or median (IQR)
0 (0)
82 (90.1)
9 (9.9)
2 (1, 3)
8 (6, 10)
52 (57)
4 (4)
4 (4)
3 (3)
3 (3)
3 (3)
2 (2)
1 (1)
1 (1)
1 (1)

IQR, Interquartile range; ICU, intensive care unit.

Five-Year Functional Results
Forty-five patients were eligible for the 5-year follow-up
assessment (8 died; 18 returned for follow-up and 19 did
not). Of this total, 24% still showed improvement in their
maximal workload, compared with baseline, 36% in their
FEV1, and 33% in their SOBQ score. Eleven patients had
a >10% absolute increase in their % predicted FEV1 at
the 5-year follow-up visit. Among those who returned, the
mean absolute change in % predicted of the FEV1 increased
11.1% (95% CI: 7.1%, 15.0%), which represented a 45%
(27%, 63%) relative mean improvement compared with
their baseline. The mean absolute change in % predicted
of the residual volume decreased 94.3% (109.7%,
78.8%); the DLCO increased by an average of 4.1%
(0.2%, 7.9%); the maximal workload increased 10.24 W
(95% CI: 4.4, 16.1); and the 6-minute walk test decreased
59.5 ft. (224.8, 105.8). The SOBQ score continued to
show improvement, with a decrease of 20.5 (37.3, 3.8).
Longitudinal Analysis Results
Table 4 contains the fixed-effects estimates for all 3
mixed models. Figures E1-E3 (Supplementary Materials)
show the individual profiles of absolute changes in FEV1
(% predicted), maximal workload, and SOBQ score for
all (available) follow-up times. Although significant
improvement was seen in all 3 functional outcomes, a slight
but statistically significant decline occurred over time. For
instance, based on the model estimates (Table 4), the
estimated mean change in FEV1 (% predicted) at 1 year
was 9.88, and for every year increase, the mean FEV1 (%
predicted value) decreased by 1.41% (95% CI: 1.89,
0.92). The estimated mean change in maximal workload
at 1 year was 9.89 W, with an estimated decrease per year
720

TABLE 3. Functional outcomes at 1, 2, and 5 years, among those with
follow-up assessments
Functional outcomes
1 y (10-18 mo)
FEV1 (% predicted)
RV (% predicted)
DLCO (% predicted)
6-MWT (ft.)
Maximal workload (W)
SOBQ score
2 y (19-30 mo)
FEV1 (% predicted)
RV (% predicted)
DLCO (% predicted)
6-MWT (ft.)
Maximal workload (W)
SOBQ score
5 y (49-72 mo)
FEV1 (% predicted)
RV (% predicted)
DLCO (% predicted)
6-MWT (ft.)
Maximal workload (W)
SOBQ score

n

Mean (95% CI)

P value

58
58
58
57
53
49

11.1 (8.6, 13.6)
64.4 (72.7, 56.1)
5.2 (3.0, 7.3)
128.7 (76.9, 180.5)
10.7 (6.9, 14.6)
27.4 (35.5, 19.4)

<.001
<.001
<.001
<.001
<.001
<.001

41
40
40
40
38
38

8.7 (6.1, 11.4)
65.3 (78.1, 52.6)
6.4 (1.5, 11.3)
125.3 (63.5, 187)
7.6 (2.8, 12.4)
22.2 (31.7, 12.7)

<.001
<.001
.012
<.001
.003
<.001

18
18
18
18
17
19

11.1 (7.1, 15.0)
94.3 (109.7, 78.8)
4.1 (0.2, 7.9)
59.5 (224.8, 105.8)
10.24 (4.4, 16.1)
20.5 (37.3, 3.8)

<.001
<.001
.041
.458
.002
.019

CI, Confidence interval; FEV1, forced expiratory volume in 1 second; RV, residual
volume; DLCO, diffusing capacity for carbon monoxide; 6-MWT, 6-minute walk
test; W, watts; SOBQ, University of California San Diego Shortness-of-Breath Questionnaire.

of 3.88 (95% CI: 4.89, 2.87). The estimated mean
decrease at 1 year in SOBQ score was 29.72 points, with
an increase of 3.49 points (95% CI: 2.03, 4.94) per year.
These estimates are comparable to our descriptive statistics
(Table 3), and therefore, they should be used together.
Survival
Survival status was available for all patients. Twentythree patients died during the follow-up period, 10 months
to 10 years postoperatively. The cause of death was respiratory related in 12 (52%) patients, nonrespiratory in 9
(39%), and unknown in 2 (9%). Nonrespiratory causes of
death included: lung cancer (3); murder (1); ovarian cancer
(1); heart failure (1); uterine cancer (1); shingles (1); and
renal failure (1). Additionally, 3 patients underwent lung
transplantation for progressive respiratory failure. The 1-,
2-, and 5-year survival estimates (95% CI) were: 0.99
(0.96-1.00); 0.97 (0.93-1.00); and 0.78 (0.67-0.89), respectively. The median survival was 9.1 years (6.2, infinity)
(Figure 2).
DISCUSSION
Although NETT initially defined a high-risk group of patients who had a low diffusing capacity and diffuse emphysema, and who suffered excess mortality with surgical
therapy,8 the final NETT results demonstrated that for
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FIGURE 1. Histograms of changes from baseline in exercise capacity, FEV1% predicted, and SOBQ score after 1, 2, and 5 years; y-axis indicates the
percentage of patients; x-axis indicates the change from baseline in the corresponding unit (watts, % predicted, or SOBQ score). W, Watts; FEV1, forced
expiratory volume in 1 second; SOBQ, University of California San Diego Shortness-of-Breath Questionnaire.

carefully selected patients who had upper lobe–predominant emphysema, LVRS was able to improve function,
exercise capacity, and quality of life.1 In addition, the

NETT demonstrated that LVRS, in a selected group of
emphysema patients, resulted in a survival advantage
compared with medical therapy.2 Lung-volume reduction
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TABLE 4. Fixed-effects estimates for modeling absolute changes as a
function of time
Parameter

Estimate (SE)

THOR

FEV1 (% predicted value)
Intercept
11.29 (1.07)
Time (y)
1.41 (0.25)
Maximal workload (W)
Intercept
13.77 (0.98)
Time (y)
3.88 (0.51)
SOBQ score
Intercept
33.21 (3.17)
Time (y)
3.49 (0.73)

95% CI

P value

(9.17, 13.42)
(1.89, 0.92)

<.0001
<.0001

(11.81, 15.73)
(4.89, 2.87)

<.0001
<.0001

(39.53, 26.88)
(2.03, 4.94)

<.0001
<.0001

SE, Standard error; CI, confidence interval; FEV1, forced expiratory volume in 1
second; W, watts; SOBQ, University of California San Diego Shortness-of-Breath
Questionnaire.

surgery is the first new therapy since use of oxygen was
introduced some 40 years earlier to demonstrate an advantage versus medical therapy.9,10 The trial was cosponsored
by the National Heart, Lung, and Blood Institute and
CMS, and LVRS was subsequently approved by CMS at
selected centers of excellence, for patients who met the
criteria defined by the study.
Only a limited number of these procedures have been performed in the subsequent 10 years.3 Possible factors
contributing to the low utilization likely include both
concern about the high surgical morbidity and mortality
seen in the NETT as well as other surgical studies,11 and
the lack of evidence of durability of functional improvement. We believe our results reinforce the positive outcomes of the NETT with respect to functional
improvement, and furthermore demonstrate that those improvements are durable in some patients. Being able to
obtain these improvements without any surgical mortality
is an added benefit.
The NETT reported a 90-day surgical mortality in non–
high-risk patients (n ¼ 538) of 5.2%, compared with a
90-day mortality of 1.5% in comparable medically treated
patients.1 Among patients with upper lobe–predominant
disease, the 90-day mortality was 2.9%, versus 1.9% in
medically treated patients. Respiratory complications in
NETT at 30 days after LVRS were significant for: pneumonia (18.2 %); reintubation (21.8%); tracheostomy (8.2
%); and inability to wean from mechanical ventilation
(8%).12 In the non–high-risk NETT surgical group, only
69.7% of postoperative patients were living at home at
30 days after LVRS.13 In the 91 cases performed at our center since 2004, we report no 6-month mortality. In contrast
to the NETT cohort, only 3% of our patients developed
postoperative respiratory failure that necessitated reintubation, and none since 2010. A total of 90% of our patients
were living at home at 30 days after LVRS.
Although careful adherence to NETT selection criteria
clearly contributed to our low surgical mortality, our
20-year LVRS experience undoubtedly played a role as
722

FIGURE 2. Kaplan-Meier survival curve (solid line) with the 95% confidence interval (dashed line).

well. In addition, although the NETT did not document
any significant difference between the median sternotomy
and video-assisted thoracic surgery approaches,14 the latter
was in its infancy during the NETT. Increasing experience
with this minimally invasive approach likely contributed
to the dramatically reduced postoperative mortality. Prolonged air leaks (>7 days) were the most common complication, occurring in 57% of patients. However, by using
Heimlich valves, we could mobilize patients and expedite
their discharge from the hospital. Efficacy, as measured
by functional improvements in the first year, showed
changes consistent with those found in the NETT and other
previous LVRS studies.15-17
Possibly, enthusiasm for an FDA-approved bronchoscopic technique to accomplish LVR has caused deferral
of patients who are hoping for a less-invasive approach.
Numerous clinical trials of multiple bronchoscopic devices
have resulted in either clinical failure or lack of meaningful
improvement in pulmonary function.18-21 At this time, the
role of bronchoscopic LVR remains unclear. No
bronchoscopic approach to LVR has been approved in the
United States, and when comparing the bronchoscopic
LVR functional data published to date with our LVRS
results, the postsurgical results seem to be far superior.22
The issue of durability of LVRS has never been
adequately addressed. Although several studies suggest
that benefits from LVRS are transient and will decay after
the first or second year, the NETT 3-year results show evidence of durability, with significant improvements in lung
function, exercise capacity, and relief of dyspnea.2 Our
experience indicates similar improvements in lung function
and exercise capacity at years 1 and 2. Specifically, for
upper-lobe patients (low and high exercise capacity), the
percentage of patients with significant improvement
(>10 watts) in exercise capacity at 2 years was 19%,
compared with 21% in the NETT study.
In addition, at 5 years, 20% of patients continued to show
significant benefit in exercise capacity. Similarly, 24% of
the patients had a 10% absolute increase in FEV1 percentage predicted at the 5-year interval. Of those patients who
returned for follow-up at years 1, 2, and 5, a total of
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and 54% at 5 years in the medical group, compared with
an estimated probability of death of 9%, 12%, and 36%
in the surgical group.2 Only 52% of our deceased patients
died from respiratory failure.
CONCLUSIONS
Our results clearly show that LVRS can be performed
with a negligible risk of mortality and an acceptable low
morbidity, using minimally invasive thoracic surgical techniques. The early functional benefit is excellent, and the
functional results at 5 years suggest that these improvements are durable, at least in some patients. Late survival
for this selected group of patients with advanced emphysema is excellent. Surgical LVRS remains the gold standard
against which all other forms of lung-volume reduction
must be judged. Surgical LVRS should be offered to a wider
range of patients who have advanced emphysema and meet
CMS selection criteria.
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level), we saw mortality of 1% mortality at 1 year, 3% at
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Discussion
Dr R. Cerfolio (Birmingham, Alabama). Mark, Josh, congratulations. This paper should have been in the plenary session, in my opinion. I congratulate you on 91 patients, no
mortality, and incredible followup. I have 2 quick questions.
One, as surgeons, why are we not trying to sell this
approach, meaning promote it to the medical community?
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We are not doing that, right? You did 91 in 10 years. That
is not very many. I only do a few a year. Tell us why the
medical community does not buy it.
Dr Ginsburg. Thank you, Dr Cerfolio, for your thoughtful questions.
In many ways, promoting the benefits of LVRS to the
medical community is our own fault. We failed in 2003
the same way Brantigan failed in the 1950s. Our surgical
morbidity and mortality was too high. One of the reasons
for this is that we tested an operation in NETT that was
not a mature operation. We really hadn’t worked out all
the problems. As surgeons, when we look at NETT, we
look at the favorable functional results that we obtained.
The surgical patients in the non–high-risk group in NETT
clearly did better functionally than the medical patients.
That is how we looked at it. How did the medical professionals look at it? They looked at the surgical complications
and mortality. There are some sobering numbers in that. The
non–high-risk group had a mortality in excess of 5%—30%
of the surgical patients required a reintubation within the
first 30 days, and 8% of the surgical patients never came
off the ventilator. Those are sobering statistics for a palliative, elective operation.
Dr Cerfolio. I agree. But now you have shown that none
of that is true. So how do we get the new message out?
Dr Ginsburg. First, we need to do this operation better,
and the only way we are going to do it better is to persistently look at what we have done and try to reduce the
complication rate. It is the usual learning curve of what
we do. I think the biggest lesson we learned was to resect
less than your gut tells you to resect. What hurts these patients is over-resection, pleural space problems, and air
leaks. This is the problem, and this is the problem with
over-resection. I think that the biggest lesson and the reason
that we did better in the next 10 years after NETT is that we
backed down on how much we were resecting.
Dr Cerfolio. My second and short last question is
missing data. Every time we see these reports, they do not
have the kind of data that you guys do. Talk to us about
how that is handled by you and getting patients to come
back and how you were able to achieve what you did.
Congratulations.
Dr Ginsburg. Thank you.
Missing data are always a problem. If you compare apples to oranges, that is, patients that you actually get
follow-up on to the base that you start with, you can distort
your results, obviously. It was not a clinical trial. We can
only get so many patients back for functional testing. We
have 100% follow-up for survival, which I think is an
important number. But we chose to compare the patients
that we had functional data on at 1 year and 5 years to their
own preoperative baseline data. I think that really says what
these patients did.
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FIGURE E1. Individual profile plots of absolute changes in FEV1 (% predicted) over time. FEV1, forced expiratory volume in 1 second.

FIGURE E3. Individual profile plots of absolute changes in University of
California San Diego SOBQ score over time. SOBQ, University of California San Diego Shortness-of-Breath Questionnaire.

FIGURE E2. Individual profile plots of absolute changes in maximal
workload over time.
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