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BACKGROUND: Surgical and medical treatments for emphysema may affect both quality and
quantity of life. The purpose of this article is to report outcomes from the National Emphysema
Treatment Trial (NETT) using an index that combines quality and quantity of life.

METHODS: This was a prospective randomized clinical trial. Following pulmonary rehabilita-
tion, 1,218 patients with severe emphysema were randomly assigned to maximal medical
therapy or to lung volume reduction surgery (LVRS). A generic quality-of-life measure, known
as the Quality of Well-being Scale (QWB), was administered at baseline and again at 6, 12, 24,
36, 48, 60, and 72 months following treatment assignment.

RESULTS: At baseline, QWB scores were comparable for the Medical and LVRS groups. For
both groups, scores significantly improved following the rehabilitation program. The QWB scores
before death for patients in the LVRS group improved up to the year 2 visit, whereas scores for
the Medical group dropped significantly following the baseline visit. Imputing zeros (0) for
death, QWB scores decreased significantly for both groups. With or without scoring death as
0, the LVRS group achieved better outcomes, and the significant differences were maintained
until the sixth year. Over 6 years of follow-up, LVRS produced an average of 0.30 quality-
adjusted life years (QALYs), or the equivalent of about 3.6 months of well life.

CONcCLUSIONS: Compared with maximal medical therapy alone, patients undergoing maximal
medical therapy plus LVRS experienced improved health-related quality of life and gained

more QALYs.
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As aresult of chronic airflow obstruction, patients with
advanced emphysema experience significant limitations
in daily activities and reduced quality of life. Evidence
supports the value of medical management and pulmo-
nary rehabilitation for these patients.' Despite impor-
tant advances in medical management, the promise of
medical therapy is limited. Lung volume reduction sur-
gery (LVRS) may offer the potential to extend the life
expectancy and enhance quality of life for selected
patients who have completed pulmonary rehabilitation.?

The National Emphysema Treatment Trial (NETT)
compared medical and surgical approaches with the
management of severe emphysema using a wide range
of outcome assessments. Although mortality outcomes
have been reported previously,* less is known about the
effects of LVRS treatment on quality of life because most
studies have significant loss to follow-up. Studying sur-
vivors only is subject to several biases, including bias

against treatments that keep the sickest patients alive for
inclusion in assessment.

A variety of other articles reporting outcomes from the
NETT have been published. However, the trial suffered
from significant loss to follow-up. For example, quality-
of-life (QoL) data were available for only about 22%

of the planned participants at the time of the 6-year
follow-up. Loss to follow-up causes significant problems
because those who are unable to complete quality-of-
life questionnaires are not a random subgroup of the
population. Often, they are the patients who either died
or were too sick to complete the questionnaire. The
purpose of this article is to report outcomes from the
NETT using an index that combines life duration with
quality of life. Because there was selective loss to
follow-up, we used imputation methods to estimate
quality-of-life scores for those too sick to attend follow-up
evaluations.

Materials and Methods
Subjects

The subjects were 746 male and 472 female volunteers with an aver-
age age of 64 years at baseline. Participants were studied at one of
17 approved NETT sites. The inclusion criteria were (1) radiographic
evidence of bilateral emphysema, (2) severe airflow obstruction and hyper-
inflation, and (3) completion of pulmonary rehabilitation. Exclusion
criteria were (1) a broad range of medical conditions that place patients
at risk for perioperative morbidity and/or mortality, (2) emphysema
believed to be unsuitable for LVRS, and (3) medical conditions or other
circumstances that make it likely that the patient would be unable to
complete the trial. The exclusion criteria relating to cardiologic issues
were based upon the work of Goldman and colleagues.> All participants
provided written informed consent to participate, and the study pro-
tocol was approved by the institutional review boards of each of the
17 participating centers. The Coordinating Center at the Johns Hopkins
Bloomberg School of Public Health provided oversight over all partici-
pating institutions and did not accept data from any center without an
active approval (Johns Hopkins Institutional Review Board, approved
protocol number H34.02.01.29.A1). A more detailed description of the
NETT methodology is available elsewhere.s

Following baseline evaluation, all participants completed comprehensive
pulmonary rehabilitation. A second assessment was completed after
rehabilitation and prior to randomization.

Treatment Groups

Following extensive screening and completion of pulmonary rehabil-
itation for eligible subjects, patients were randomly assigned to LVRS
or to continued maximal medical therapy. LVRS was achieved using
a median sternotomy approach (406 patients) or by means of video-
assisted surgery (174 patients). Among patients randomized to LVRS,
21 declined surgical intervention and seven subsequently were deemed
unsuitable for surgical intervention by the surgeon or anesthesiologist
at some point after randomization. Sixty-nine of the 580 patients who
underwent LVRS were in a subgroup identified by the Data and Safety
Monitoring Board as being at high risk of mortality after LVRS with
little chance of functional benefit; enrollment of this patient subgroup
in the NETT was terminated in May 2001. Outcomes for the high-risk
subgroup were reported in 2001.6 Maximal medical therapy included
state-of-the-art medical management of advanced emphysema.
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QoL Data Collection

Data collection for NETT subjects began in October 1997. NETT ran-
domizations began in January 1998 and ended in July 2002. The QoL
assessments were collected at all visits. The final QoL forms were collected
by mail between December 31, 2003, and June 30, 2004. Based on date of
randomization, the follow-up time for QoL data collection of NETT
patients varied from 2.0 to 6.5 years. As a result, not all QoL measures
were assessed for patients in the later phases of the trial (due to right cen-
soring). NETT created time windows for follow-up visits and mapped
the forms into them. In this article, we include analyses of the QoL
measures from pre-rehabilitation, post-rehabilitation (or baseline before
randomization), and follow-up visits 0.5, 1, 2, 3, 4, 5, and 6 years after
randomization.

QoL Measurement: Self-Administered Quality of
Well-being Scale

Thisarticle concentrates on outcomes measured by the Self-Administered
Quality of Well-being Scale (QWB). This 73-item instrument combines
preference-weighted values for symptoms and functioning. Among the
items, 11 ask about chronic symptoms, seven focus on use of health aides,
25 concern acute physical symptoms, and 14 ask about mental health
symptoms. The remaining 16 items concentrate on mobility, physical
activity, and social activity. Combinations of symptoms and functioning
are weighted on a continuum of wellness by independent observers. The
preference weights were obtained from ratings by 856 people from the
general population. These judges rated the desirability of health condi-
tions to place each on the continuum between death (0) and optimum
health (1.0). Symptoms are assessed by questions that ask about the pres-
ence or absence of different symptoms complexes.

One of the advantages of the QWB is the comprehensiveness of the 57-item
symptom/problem complex list. Patients are asked about symptoms rel-
evant to all physiologic systems. The detailed symptom inquiries allow
the capture of unexpected as well as expected benefits and side effects.
Functioning is assessed by a series of questions designed to record func-
tional limitations over the previous 3 days, within three separate
domains (mobility, physical activity, and social activity). The preference-
weighted four domain scores are combined into a total score that
provides a numerical point-in-time expression of well-being that
ranges from zero (0) for death to one (1.0) for asymptomatic optimum
functioning.
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The QWB has been used in numerous clinical trials and studies to
evaluate medical and surgical therapies in conditions such as diabetes,”
COPD,® HIV,*!0 cystic fibrosis,!1> diabetes mellitus,” atrial fibrillation,'
lung transplantation,' arthritis,'>!¢ end-stage renal disease,” cancer,'
depression,'®2 and several other conditions.?! Further, the method has
been used for health resource allocation modeling and has served as
the basis for an innovative experiment on rationing of health care by
the state of Oregon.?>?* Studies have also demonstrated that the QWB
is responsive to clinical change derived from surgery' or medical
conditions such as rheumatoid arthritis,* AIDS," and cystic fibro-
sis.!! The QWB was developed more recently. It has been shown to be
highly correlated with the interviewer-administered version.>s The
full questionnaire is available at: https://hoap.ucsd.edu/qwb-info/
EnglishQWB-SA_2.pdf.

Missing Data: The NETT follow-up evaluations suffered from substan-
tial missing data for many of the measures, including the QoL assess-
ments. Among the concerns was that missing data were likely to be
systematically related to outcomes including death and poor health.

There were three major reasons for missing QoL data in NETT: (1)
later entry, (2) censoring due to death, and (3) failure to complete the
questionnaire. Our evaluations addressed these problems as follows:
(1) Later entry: NETT enrolled patients for 4.5 years, (January 1998 to
July 2002) and the QoL data collection ended 2 years later on June 30,
2004. Therefore, subjects who entered the study later in the enrollment
period could not complete all 6 years of QoL assessments. This type
of missing data due to later randomization does not complicate our
analysis because it affects both groups equally. (2) Censoring because of
death: Some participants were censored by death, and these events are
nonrandom and, possibly, a function of treatment. Death is an outcome
that can be scored as 0 in the QWB system. For deceased participants,
we included 0s for the QWB scores after the death date up to the max-
imum follow-up visit prior to June 30, 2004. (3) Failure to complete
questionnaire: A missed or incomplete visit form included eight possible
reasons: (a) patient was ill, (b) patient was temporarily away from area,
(c) patient refused to return, (d) patient permanently moved from the
area, (e) unable to contact patient, (f) patient’s physical condition pre-
cluded attending visit, (g) patient’s mental condition precluded attending
visit, and (h) other (specify). When part of the visit was completed, the
form(s) that were not completed were checked and the reason for the
missed form(s) was assessed by a four-category question: (a) patient
was ill, (b) patient refused procedure, (c) procedure forgotten, and
(d) other (specify). In both situations, steps or attempts were made to
avoid missing the visit or to complete form(s). Since this missing mech-
anism might be related to our outcome of interest, to be conservative,
we imputed these missed questionnaire data by randomly selecting
from the lower quartile of the observed records by treatment group at
each follow-up visit.

Mortality Ascertainment: The NETT coordinating center engaged in
continuing surveillance for mortality. Deaths were confirmed, and a
date of death was acquired.

Assessed for Eligibility

Excluded
2559

Randomized
1218
Surgery Medical
Allocated 608 Allocated 610
Unsuitable 7 Crossed-over 35
Refused surgery 21 Received treatment 610

Received surgery 580

Lost to Follow-up
For mortality outcomes 0
Analyzed for mortality 608

Lost to Follow-up
For Mortality outcomes 0
Analyzed for mortality 610

Follow-up for Quality of Life*
Analyzed for Year 1 Visit

Follow-up for Quality of Life*
Analyzed for Year 1 Visit

For primary analysis 441 For primary analysis 428
For sensitivity analysis 570 For sensitivity analysis 565
Analyzed for Year 4 Visit Analyzed for Year 4 Visit

For primary analysis 152 For primary analysis 133
For sensitivity analysis 347 For sensitivity analysis 350

*See details in Table 2

Figure 1 - Summary of participant allocation using standardized
CONSORT diagram.

Statistical Methods

A CONSORT diagram for the study flow is shown in Figure 1. All analyses
were performed using R software (www.r-project.org). Group assignment
was based on intention to treat. We estimated the numbers of the planned
assessments based on randomization dates. The frequencies of the
observed, censored by death, and missed questionnaire records were tab-
ulated and compared with the planned assessments by visit and treatment
group. The distributions of the QWB scores were displayed via box plots.

Our primary analysis was based on available data without any imputa-
tion (Table 1). We analyzed these longitudinal data using a random
intercept model with treatment, visit, and the interaction term of
treatment and visit as fixed effects. The nominal visit was treated as
a categorical predictor in the model using missing at random assump-
tion. The average QWB score, change from baseline score, treatment
effect, corresponding 95% ClIs, and P values at each visit were estimated
and tabulated for both groups. The unadjusted group means and stan-
dard errors were also included in Table 2 for comparison. We displayed
the estimated response profiles for both groups in a figure by plotting
the estimated average QWB scores and the 95% CIs. In addition to the
primary analysis, we imputed the censored by death and missing ques-
tionnaires records via the previously described method and performed
a sensitivity analysis with and without imputed data (Table 3).

Results

At the point of randomization, those assigned to med-
ical therapy or surgery were comparable in terms of
ethnicity, sex, and distribution of emphysema on
CT scan. Further, the groups were equivalent on a
variety of pulmonary function, exercise tolerance, blood
gas, and QoL measures (Table 1).

Table 4 summarizes the numbers of observed and
missing records at each visit by treatment group. The
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estimated planned assessments are listed in the last col-
umn. One hundred fourteen out of 608 patients in the
LVRS group and 122 out of 610 in the Medical group had
entered the study early enough to have a year 6 follow-up
visit. All other patients enrolled later did not have the
opportunity to complete the year 6 follow-up visit when
QoL data collection ended on June 30, 2004. In reality,
not all measures would be included in the nominal
time windows. Starting with the year 4 visit, the censored
by death records outnumbered the observed records
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TABLE 1 | Frequencies and Percentages of Background and Longitudinal Characteristics at Baseline

Characteristics Therapy (n=610) Surgery (n=608) Total (N=1,218)
Ethnicity
White 575 (94.3) 581 (95.6) 1,156 (94.9)
Black 23 (3.8) 19 (3.1) 42 (3.5)
Other 12 (2.0) 8 (1.3) 20 (1.6)
Sex
Male 391 (64.1) 355 (58.4) 746 (61.3)
Female 219 (35.9) 253 (41.6) 472 (38.8)
Distribution of emphysema on CT scan
Predominantly non-upper lobe 204 (33.5) 223 (36.7) 427 (35.1)
Predominantly upper lobe 405 (66.5) 385 (63.3) 790 (64.9)
Homogeneous 274 (44.9) 278 (45.7) 552 (45.3)
Heterogeneous 336 (55.1) 330 (54.3) 666 (54.7)
Variables measured in scaled units, mean (SD)
Age at randomization, y 67.22 (5.89) 67.04 (6.342) 67.13 (6.12)
Perfusion ratio 0.28 (0.22) 0.298 (0.211) 0.29 (0.22)

Maximal workload, W
Distance walked in 6 min, fta
FEV, after bronchodilator use, % predicted

Total lung capacity after bronchodilator use,
% predicted

Residual volume after bronchodilator use,
% predicted

Carbon monoxide diffusion capacity,
% predicted

Pao,, mm Hg
Paco,, mm Hg

Total score on St. George’s Respiratory
Questionnaire

Average daily QWB score
Total UCSD Shortness of Breath score

39.23 (22.10)
1,196.87 (311.20)
26.60 (7.05)
128.47 (14.96)

223.65 (49.353)

28.39 (9.76)

64.21 (10.15)
43.07 (5.78)
53.65 (12.67)

0.56 (0.11)
63.53 (18.55)

38.533 (21.18)
1,197.75 (312.52)
26.77 (7.33)
128.07 (15.23)

221.01 (49.99)

28.22 (9.57)

64.43 (10.44)
43.31 (5.86)
52.35 (12.66)

0.57 (0.11)
61.80 (18.10)

38.88 (21.64)
1,197.31 (311.73)
26.68 (7.19)
128.27 (15.09)

222.33 (49.67)

28.31 (9.66)

64.32 (10.29)
43.19 (5.82)
53.00 (12.68)

0.57 (0.11)
62.67 (18.34)

QWB = Quality of Well-being Scale; UCSD = University of California, San Diego.

aTo convert values from feet to meters, divide by 3.28.

(eg, 39.8% vs 32.9% for the LVRS and 44.4% vs 28.5%
for the Medical group. There were more censored-by-
death records in the LVRS group than in the Medical
group up to the year 3 visit. Also, there were more
missing questionnaires in the Medical group, 0% to
13.8% vs 0% to 6.2% for LVRS. Due to late entry, the
censored-by-death numbers are not cumulative after
the year 4 visit.

The distributions of the QWB scores for the observed
records are depicted in Figure 2. The shaded boxes are
for the LVRS group, and the open ones for the medical
group. The filled circles are the group means for LVRS
group and the triangles for the Medical group. The SDs
are indicated by arrows. Although most of the scores fall
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between 0.4 and 0.7, there were some extreme values.
The patients in the LVRS group had higher QWB scores
before death than the Medical group.

Linear mixed model-based analysis results derived from
the available observed data are summarized in Table 2
and displayed in Figure 3. The unadjusted group means
and SEs are also included. Both descriptive and model-
based results indicate that patients in the LVRS group
had higher QoL scores before death. The two groups
differed at the pre-rehabilitation visit, with a mean
score difference of 0.0170 (P = .023). Following the reha-
bilitation program, there were significant gains for both
groups, about 6% increase for Surgery (0.032/0.546) and
about 7% for the Medical group (0.036/0.528). Although
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TABLE 4 | Number of Observed and Missing Data Within Each Treatment Group at Each Time Point

Visit Year Treatment Group Observed Censored by Death Missed Visits Total Planned
-0.25 LVRS 607 (99.8) 0 (0) 0 (0) 607 (99.8) 608
Medical 608 (99.7) 0 (0) 0 (0) 608 (99.7) 610
Baseline LVRS 608 (100) 0 (0) 0 (0) 608 (100) 608
Medical 610 (100) 0 (0) 0 (0) 610 (100) 610
0.5 LVRS 507 (83.4) 65 (10.7) 34 (5.6) 606 (99.7) 608
Medical 496 (81.3) 29 (4.8) 81 (13.3) 606 (99.3) 610
1 LVRS 441 (72.5) 93 (15.3) 36 (5.9) 570 (93.8) 608
Medical 428 (70.2) 53 (8.7) 84 (13.8) 565 (92.6) 610
2 LVRS 426 (70.1) 125 (20.6) 30 (4.9) 581 (95.6) 608
Medical 373 (61.1) 120 (19.7) 72 (11.8) 565 (92.6) 610
3 LVRS 308 (54.5) 164 (29) 35 (6.2) 507 (89.7) 565
Medical 271 (47.7) 181 (31.9) 38 (6.7) 490 (86.3) 568
4 LVRS 152 (32.9) 184 (39.8) 11 (2.4) 347 (75.1) 462
Medical 133 (28.5) 207 (44.4) 10 (2.1) 350 (75.1) 466
5 LVRS 121 (39.7) 136 (44.6) 1 (0.3) 258 (84.6) 305
Medical 82 (26.9) 159 (52.1) 3 (1) 244 (80) 305
6 LVRS 27 (23.7) 63 (55.3) 0 (0) 90 (78.9) 114
Medical 26 (21.3) 69 (56.6) 0 (0) 95 (77.9) 122

Data are presented as No. (%) or No. See Table 2 legend for expansion of abbreviation.

LVRS group patients on average had a 0.013 higher
QWB score than the Medical group, the difference was
not statistically significant (P = .065) prior to randomi-
zation. After treatment assignment, scores for the LVRS
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Figure 2 - Box and whiskers display for QWB (self-administered ver-
sion) outcomes at each follow-up. The center of each box is the group
median. The lower boundary of the box is the 25th percentile, and the
upper boundary of the box is the 75th percentile. Extensions to each box
show the lowest and highest values, excluding outlier cases. Cases outside
the expected range (outliers) are shown as circles. Outliers are defined as
beyond 1.5 times the interquartile range. LVRS = lung volume reduction
surgery; QWB = Quality of Well-being Scale.
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group improved up to the year 2 visit, whereas scores
for the Medical group continued to drop. The patients
in the LVRS group consistently achieved better QoL
outcomes before death, and the differences between the
two groups were significant through the fifth year of
evaluation but were nonsignificant for the sixth year.

Sensitivity analysis results that include missing data
imputation are summarized in Table 3 and Figure 4.
Using these adjusted values, QWB scores were always
higher in the surgery group than the medical group, as
shown in Table 3, column 6 (treatment effect mean).
These differences included the very first assessment that
was taken prior to rehabilitation, although the differ-
ence 0.018 was not statistically significant (P =.138).
QWSB scores for both groups significantly increased
after the 3-month rehabilitation program (see Table 3
change from baseline mean [SE], columns 8 and 9, rows
1 and 2). The baseline difference following rehabilitation
was not statistically significant (P = .266, column 8,
row 3). After treatment assignment, both groups declined
significantly, but the difference from baseline for the
surgery group tended to be smaller than for the medical
group (Table 2, column 8). Using the imputed modeled
data, the same pattern appeared, and differences between
the surgery and medical arms were statistically signifi-
cant for all follow-up years (P <.001).
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Figure 3 - Average QWB observed
scores and 95% CIs by assessment
period. QWB scores for surgery and
medical treatments did not differ
prior to randomization. Both groups
improved following rehabilitation,
but differences between groups were
nonsignificant. Following surgery,
the groups diverged, and differences
between them remained statistically
significant for all follow-ups with the
exception of years 4 and 6. See Fig-
ure 2 legend for expansion of
abbreviations.
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To estimate quality-adjusted life years (QALYs), survival
was weighted by QWB scores. For patients who were
deceased, a QWB score of 0 was imputed. For surviving
participants, the QWB score was used to adjust survival
time. For example, for each 1 year a participant with a
QWSB score of 0.60 survived, they would be credited
with about 7.2 QALYs (0.6 X 12 months = 7.2 months).
With this adjustment for quality of life, the average
quality-adjusted life expectancy over 6 years for the
LVRS group was 2.07 years, and 1.77 years for the
Medical group. Thus, LVRS produced an average of

0.30 QALYs or about 3.6 quality-adjusted months of life.

In other words, being in the surgery group was associ-
ated with living an estimated 3.6 months of well life
longer than being in the medical group. Both the pri-
mary and the sensitivity analyses indicated that patients
in the surgery group achieved higher QoL outcomes in
comparison with those assigned to the medical group.

Discussion

COPD is an important public health problem because
it affects both the length and quality of life. The NETT
was particularly important in establishing the effects of
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LVRS surgery on outcomes for this group. The NETT
offered a unique opportunity to evaluate quality of life
in a prospective randomized controlled trial. Quality of
life is a meaningful outcome for patients with emphy-
sema. Evidence from the NETT suggests that quality of
life is correlated with other outcomes, including 6-min
walk distance and health-care use.? In addition, the
QWSB includes mental health symptoms and has been
shown to be responsive to changes in psychologic well-
being.?” The QoL measures were responsive to the effects
of pulmonary rehabilitation and to the surgical
intervention.

Patients randomly assigned to LVRS achieved better
outcomes on the QWB, with and without imputation
for missing data. Combining QWB with mortality
outcomes to express the benefits of LVRS in terms of
QALYs allowed the use of a metric that could be used
for cost-effectiveness analysis.2® Other evidence from
the NETT suggests that quality of life and measures of
function are independent predictors of exacerbations
of emphysema.?? The QWB was also responsive to
improvement following the rehabilitation phase of the
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NETT. Consistent with our findings, other analyses have
suggested that those who had not previously attended
pulmonary rehabilitation improved more on these
measures than patients with previous experience in
rehabilitation.’® The analyses offered in this report
update previous reports by including many of the par-
ticipants who had been excluded from previous reports
because of loss to follow-up. We also update previous
reports by including more deaths in the analysis.

Outcomes for life expectancy and for some QoL measures
have been reported in previous publications.* However,
combining morbidity and mortality into a single index
is challenging and requires a specialized index such as
the QWB. Previous reports have also been challenged
because the NETT had selective loss to follow-up. A
significant number of participants had missing data
and the reasons for missing data were nonrandom. One
of the most important reasons for missing a follow-up
is that the participant was too sick to come to the clinic
for testing. Using the missed visit questionnaire from
the NETT, we were able to confirm that the missed visit
was for health reasons in many cases. This information
allowed a reasonable imputation for level of wellness.

journal.publications.chestnet.org

Figure 4 - Average QWB scores
based on imputation and 95% Cls
by assessment period. QWB scores
for surgery and medical treatments
did not differ prior to randomiza-
tion. Both groups improved following
rehabilitation, but differences
between groups were nonsignificant.
Following surgery, the groups
diverged, and differences between
them remained statistically signifi-
cant for all follow-up periods. See
Figure 2 legend for expansion of
abbreviations.

Treatment Group
® VRS

A Medical

Further, participants who missed a follow-up because
of death were scored 0 on the QWB scale. Using both of
these estimation methods allowed us to recover a signif-
icant amount of information on individuals who were
not assessed at their follow-up visits.

In concert with previous NETT articles, this work sug-
gests that LVRS produces a significant benefit indepen-
dently for quality of life and mortality. Our results
suggest that, independent of the imputation for death,
there is a significant advantage of LVRS for QoL out-
comes. Adding quality and quantity of life together allows
a better overall estimate of treatment benefit. Our results
are different from previous reports from the NETT trial
because we included more years of follow-up and
because we were able to make greater use of imputation
for missing data. Using the imputation increased the
power of the analysis and suggested that the treatment
effect was larger. But, the imputation did not change the
basic conclusion that QoL outcomes are better for sur-
gical patients. Ramsey and colleagues® reported that
LVRS was associated with 0.28 additional QALYs in
comparison with our estimate of 0.30. Thus, the imputa-
tions we applied were associated with an estimate
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slightly more favorable to surgery. Although we use
longer follow-up and include more participants in the
analysis, the analysis suggests that the Ramsey estimates
were quite reasonable.

There are several important limitations with our analyses.
Patients willing to volunteer for a surgical trial are not
likely to be representative of all people who suffer from
emphysema. Further, the study was conducted in highly
specialized centers, and there is some evidence that the
surgical treatment was more effective in some centers
than in others. As the study progressed, the number of
participating patients systematically declined, and we
have no assurance that the loss to follow-up was ran-
dom. We also recognize that quality of life is a broad
concept with many components. Although the QWB
includes psychologic symptoms, the core items empha-

size physical symptoms and limitations of activities. As
a result, the QoL focus may be somewhat narrower than
found in other studies of patients with emphysema.
Another potential concern is that QWB scores for the
surgery group were slightly higher at the first study
visit, prior to rehabilitation (by about 0.036 units on
the 0.0 to 1.0 scale). Following rehabilitation and prior
to randomization, the difference in QWB scores
between the two groups declined to a nonsignificant
difference (0.014). Even though the NETT was a ran-
domized trial, it is possible that an unmeasured vari-
able caused the baseline difference and could have
influenced later QWB differences observed during the
years of follow-up. In summary, our analyses of data
from the NETT provide additional evidence that LVRS
enhances longevity and quality of life for patients with
emphysema.
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