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Rationale: Lung volume reduction surgery (LVRS) has been demon-
stratedtoprovidea functional andmortalitybenefit toaselectgroup
of subjects with chronic obstructive pulmonary disease (COPD). The
effect of LVRS on COPD exacerbations has not been as extensively
studied, and whether improvement in postoperative lung function
alters the risk of disease exacerbations is not known.
Objectives: Toexaminetheeffect, andmechanismofpotentialbenefit,
of LVRS on COPD exacerbations by comparing the medical and
surgical cohorts of the National Emphysema Treatment Trial (NETT).
Methods: A COPD exacerbation was defined using Centers for Medi-
care and Medicaid Services data and International Classification of
Diseases, Ninth Revision, discharge diagnosis.
Measurements and Main Results: There was no difference in exacerba-
tion rate or time to first exacerbation between the medical and
surgical cohorts during the year before study randomization (P 5

0.58 and 0.85, respectively). Postrandomization, the surgical cohort
experienced an approximate 30% reduction in exacerbation fre-
quency (P 5 0.0005). This effect was greatest in those subjects with
the largest postoperative improvement in FEV1 (P 5 0.04) when
controlling for changes in other spirometric measures of lung func-
tion, lung capacities, and room air arterial blood gas tensions. Finally,
LVRS increased the time to first exacerbation in both those subjects
with and those without a prior history of exacerbations (P 5 0.0002
and P , 0.0001, respectively).
Conclusions: LVRS reduces the frequency of COPD exacerbations and
increases the time to first exacerbation. One explanation for this
benefit may be the postoperative improvement in lung function.
Clinical trial registered with www.clinicaltrials.gov (NCT 00000606).
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Chronic obstructive pulmonary disease (COPD) is responsible
for an estimated 176 million hospital bed days per year in the

United States and an annual loss of almost 60 million workdays
(1). A significant portion of the health care costs incurred by
COPD is due to acute exacerbations. Although the mainstays of
medical treatment and prevention include inhaled long-acting
bronchodilators and corticosteroids, their efficacy in this regard
is debated (2–4). The basis for their presumed beneficial effect
is a combination of their bronchodilating and antiinflammatory
properties, effects that may offset the increased risk of exacer-
bations found with declining lung function (5–12). Given this,
mechanical interventions that improve function, such as lung
volume reduction surgery (LVRS), may reduce the frequency of
acute exacerbations.

Results from the National Emphysema Treatment Trial (NETT)
suggest that there is a subset of subjects with COPD who obtain
functional, quality-of-life, and mortality benefits from LVRS (13).
Although still statistically significant at 3 years postrandomization,
these postsurgical improvements in lung function for LVRS patients
had attenuated and were approaching measurements made in the
medical cohort. The effect of LVRS on the rate of acute
exacerbations, and the durability of any effects on exacerba-
tions as the postrandomization lung function of the medical and
surgical cohorts converge, is unstudied. Here we present
a retrospective investigation of the effect of LVRS on the
frequency of acute exacerbations as defined by emergency
department and hospitalization records collected during the
NETT. Some of the results of these studies have been pre-
viously reported in the form of an abstract (14).

METHODS

The methods, design, and outcomes of the NETT have been described
in detail previously (13, 15, 16). Briefly, 1,218 subjects were enrolled
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between January 1998 and July 2002 into a randomized trial investi-
gating the efficacy, safety, and cost-effectiveness of LVRS versus
optimal medical therapy for severe COPD. Enrollment criteria in-
cluded an FEV1 < 45% predicted and bilateral emphysema on
computed tomographic imaging of the chest.

The primary parallel outcomes of the trial were overall mortality
and exercise capacity. In addition, the cost-effectiveness of LVRS was
evaluated versus medical therapy. This last outcome was assessed using
Medicare claims provided by the Centers for Medicare and Medicaid
Services (CMS). Claims data were collected for the year before enroll-
ment and at least 3 years after study randomization or until subject
death.

Definition of COPD Exacerbation

A COPD exacerbation was defined with CMS data consisting of
a COPD-related emergency room (ER) visit or hospitalization using
International Classification of Diseases, Ninth Revision (ICD-9), dis-
charge diagnosis codes as previously described by Fan and colleagues
(17). Prior investigation has found that discharge diagnosis codes ICD-
9-CM (Clinical Modification) 491, 492, 493, and 496 accurately identify
subjects with COPD compared with review of chart diagnosis (18). An
event was defined as a COPD exacerbation if either an ER visit or
hospitalization occurred that was associated with one of these codes.
Outpatient management of exacerbations and visits to a subject’s
physician for an exacerbation were not captured by this method of
analysis. An exacerbation defined by an ICD-9 diagnosis code corre-
sponding to an ER visit or hospitalization occurring within 30 days of
a prior exacerbation was not considered a new event.

Medical Comorbidities

Baseline health care utilization and identification of medical comor-
bidities were determined using the CMS data collected during the year
before randomization. Patient comorbidity before randomization was
expressed as a modified Charlson comorbidity index (19, 20).

Study Interval

The year preceding study enrollment was defined as the 365 days before
the time of subject randomization to either LVRS or medical therapy.
The 3-year or 1,095-day follow-up interval was defined as starting at
study randomization in both the medical and surgical groups. Subjects
were monitored until death or the 3-year interval endpoint.

Statistical Analysis

Analysis was based on the intention-to-treat principle and included the
140 subjects identified as being at high risk for death postoperatively
(21). Fourteen subjects were excluded from this analysis (seven med-
ical and seven surgical) because they were not enrolled in Medicare,
had additional insurance plans, or had missing claims data (16). Of the
remaining 601 subjects randomized to LVRS, 28 subjects did not
undergo surgery either by choice or due to medical contraindications.
An additional six subjects underwent lung transplantation after having
LVRS. Similarly, 43 of the remaining 603 subjects randomized to
medical therapy underwent LVRS and an additional 19 received lung
transplantation. These 96 subjects were included in the primary analysis
to which they were originally randomized. Analysis was also performed
excluding the subjects that crossed randomization and those that were
identified as being at high risk of death from LVRS (21).

Baseline characteristics of the study cohorts and postrandomization
changes in measures of lung function are presented as means 6 SD and
were compared using unpaired t tests for continuous data and x2 tests
for dichotomous data. The time to first exacerbation was analyzed
using a log-rank test, censoring patients at their time of death. The
event rate of exacerbations (total number of exacerbations divided by
the total person-years of follow-up) was analyzed using a Poisson
regression model with the time in the study as an offset variable and
the confidence intervals adjusted for overdispersion. (3). It was as-
sumed that exacerbations were random independent events within the
study cohort (Poisson distribution of events). Within this model,
however, the pooled exacerbation rate could be significantly influenced
by a small number of subjects experiencing frequent exacerbations.

Adjustments in the P value and confidence intervals were therefore
performed by including a metric of this intersubject variability in exac-
erbation rates (adjustment for overdispersion). In the surgical cohort,
Cox regression analysis was used to evaluate the effect of 6-month
postoperative changes in lung function, lung volumes, arterial blood
gases, and exercise capacity on the time to first exacerbation. This re-
gression analysis was restricted to those subjects who survived to the
6-month time point and were well enough to return for such data
collection. Reported P values are two-sided and a P value of less than
0.05 is considered statistically significant. Data analysis was performed
using SAS version 8.0 (SAS Institute, Cary, NC).

RESULTS

A total of 1,204 subjects with complete Medicare claims data
were monitored pre- and postrandomization, 601 randomized to
surgery and 603 to medical therapy. Demographic and baseline
characteristics at the time of study enrollment are reported in
Table 1. Differences in the distribution of age, sex, and mea-
sures of lung function from those originally reported (13) are
due to the exclusion of subjects with missing Medicare claims
data. There were no significant differences in the groups except
for more males in the medical cohort and a greater percentage
of the surgical cohort receiving oral corticosteroids (P 5 0.04
and 0.01, respectively).

In the year before randomization, 156 subjects (26%) of the
surgical cohort and 154 subjects (26%) of the medical cohort
experienced one or more COPD exacerbations, with a mean
rate of 0.36 and 0.34 exacerbations per person-year, respectively
(Table 1; P 5 0.58). There was no difference between the
groups in time to event analysis for the year before randomi-
zation (Figure 1; P 5 0.85).

From randomization through the subsequent 3-year period
of data collection, there were 148 deaths in the surgical cohort
and 157 deaths in the medical cohort, with a mean follow-up
time of 2.54 6 0.9 and 2.64 6 0.7 years, respectively. The mean
exacerbation rate was 0.27 per person-year in the surgical co-
hort and 0.37 per person-year in the medical cohort, or a 30%
(95% confidence interval [CI], 13–48%; P 5 0.0005) lower
exacerbation rate in the surgical group. Inspection of the time to
event analysis in Figure 2A reveals that the beneficial effect of
LVRS on time to first COPD exacerbation does not become
apparent until after approximately Day 150 at which point
a significant difference persists until the end of the observation

TABLE 1. BASELINE CHARACTERISTICS OF THE 1,204 SUBJECTS
INCLUDED IN THE ANALYSIS

Surgical

Cohort

Medical

Cohort

P Value(n 5 601) (n 5 603)

Age, yr 66.8 6 6.4 66.9 6 5.9 P 5 0.69

Male sex, n (%) 351 (58) 388 (64) P 5 0.04

FEV1, L/s 0.76 6 0.24 0.78 6 0.24 P 5 0.21

FEV1,% predicted 27 6 7 27 6 7 P 5 0.8

Charlson score* 0.75 6 1.25 0.73 6 1.22 P 5 0.72

Oral steroids† 35% 28% P 5 0.01

Inhaled steroids 68% 71% P 5 0.21

Long-acting sympathomimetics‡ 45% 45% P 5 0.91

Resting oxygen supplementation 50% 51% P 5 0.69

Nocturnal oxygen supplementation 65% 66% P 5 0.9

Individuals having an exacerbation 156 154

Exacerbation rate, per person-year 0.36 0.34 P 5 0.58

Range, per person 0–6 0–5

* n 5 600 for the surgical cohort and n 5 602 for the medical cohort.
† Subjects were required to be on a stable dose of <20mg of prednisone or its

equivalent per the original screening criteria.
‡ b-Agonists such as salmeterol.
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period (P , 0.0001). There was no difference in the time to
event analysis in these cohorts for all non–COPD-related
hospitalizations or ER visits (Figure 2B; P 5 0.31). After
excluding the 96 subjects who crossed from their original study
randomization group, those subjects undergoing LVRS
exhibited a 35% reduction in their exacerbation rate (CI, 18–
53%; P 5 0.0001), and when excluding instead those subjects
deemed to be at high risk of death from LVRS, the remaining

cohort undergoing surgery experienced a 29% reduction in their
exacerbation rate (95% CI, 11–48%; P 5 0.0019).

The difference in the change of the FEV1 between the medical
and surgical cohorts during the time of data collection is reported
in Table 2. LVRS conferred a statistically significant increase in
the mean FEV1 at all time points over the course of the 3 years af-
ter randomization. This effect peaked at almost 200 ml at 6 months
and then declined to approximately 70 ml by 3 years.

Table 3 provides the list of covariates included in the Cox
regression model to determine whether changes in physiologic
variables were associated with exacerbations among patients in
the surgical group. This analysis included the change in FEV1,
slow VC, maximal expiratory pressure, and FRC, the change in
maximum workload achieved on cycle ergometry exercise test-
ing, and the change in arterial blood partial pressures of oxygen
and carbon dioxide, all measured at 6 months postrandomiza-
tion compared with enrollment values. In those subjects alive
and able to perform such testing, only the postsurgical change
in FEV1 measured at 6 months, when adjusted for the other
covariates listed in Table 3, was a statistically significant pre-
dictor of the time to first exacerbation.

Secondary Analyses

To further examine the effect of postoperative change of lung
function on COPD exacerbations, the surgical cohort was strat-
ified on the basis of an improvement in FEV1 of 200 ml or
greater (the group mean postoperative improvement in FEV1 at
6 mo was 0.200 6 0.244 L). This resulted in 230 subjects with
a mean improvement at 6 months of 0.401 L, defined as the
surgical responders, compared with 260 subjects with a mean
improvement of only 0.021 L, defined as surgical nonresponders
(111 of the 601 subjects [18%] had data missing at that time
point, counting 58 deaths, and were not included in this
analysis). At the same 6-month time point for the medical
cohort, the mean change in FEV1 was –0.019 6 0.123 L (166
subjects of the medical cohort were not included, counting 20
deaths, due to missing data). Surgical patients with an improve-
ment in FEV1 greater than 200 ml had a significantly extended
time to first exacerbation compared with surgical nonrespond-
ers (Figure 3; P 5 0.002). A similar comparison between the
surgical nonresponders and the medical cohort also demon-
strated a significant extension in the time to first exacerbation
analysis (Figure 3; P 5 0.003).

Finally, to examine the influence of LVRS on those subjects
with a history of COPD exacerbations in the year before
randomization, the medical and surgical cohorts were stratified
into the subjects with at least one exacerbation in the year
before randomization (154 and 156 subjects for the medical and
surgical cohorts, respectively) and those without a documented
exacerbation in that same time period. In both groups, those
with and those without a prior exacerbation history, LVRS
significantly extended the time to first exacerbation over optimal
medical therapy alone (P 5 0.0002 and P , 0.0001, respectively).

Figure 1. Time to first exacerbation analysis performed during the year

before enrollment in the National Emphysema Treatment Trial, where
Day 365 corresponds to the day of study randomization (P 5 0.85).

Figure 2. (A) Time to exacerbation analysis in the 3 years after

enrollment in the National Emphysema Treatment Trial. The surgical

cohort experienced a statistically significant increase in the time to first
exacerbation (P , 0.0001). (B) The same time to event analysis using all

other ICD-9 discharge codes (nonexacerbation codes) (P 5 0.31).

TABLE 2. BASELINE AND POSTRANDOMIZATION COMPARISON
OF FEV1 AT PRERANDOMIZATION AND 6, 12, 24, AND 36
MONTHS POSTRANDOMIZATION

Time from

Randomization,

Mean FEV1 (L) Surgical Cohort Medical Cohort

Difference

(L) P Value

Prerandomization 0.76 (n 5 601) 0.78 (n 5 603) 20.014 0.32

6 Months 0.97 (n 5 490) 0.78 (n 5 437) 0.19 ,0.001

12 Months 0.92 (n 5 420) 0.79 (n 5 364) 0.13 ,0.001

24 Months 0.88 (n 5 353) 0.80 (n 5 290) 0.08 ,0.001

36 Months 0.84 (n 5 222) 0.77 (n 5 169) 0.07 0.04
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DISCUSSION

LVRS is believed to improve lung function through resection of
the most diseased, hyperinflated regions, thereby increasing the
elastic recoil of the remaining lung and improving chest wall
mechanics (22). The resultant improvement in lung function
increases expiratory gas flow, exercise tolerance, and possibly
the clearance of respiratory secretions (22–24). Enhanced re-
moval of these secretions may reduce the burden of airway
pathogens, augment pulmonary immune defense mechanisms,
and thus reduce the risk for infections, which are responsible for
most exacerbations in persons with severe COPD.

To test this hypothesis and to determine if a single measure
of improvement in lung function was a best predictor of response
to LVRS, a multivariate model was constructed, with the de-
pendent variable being the time to first exacerbation. Included in
this model were the 6-month changes in the standard measures
of lung function, maximal expiratory pressure, PaO2

, PaCO2
, and

maximal exercise capacity, where the latter was believed to
reflect improvement in general daily exertional capacity and
subsequent clearance of respiratory secretions. In those subjects
able to perform such testing, when accounting for postoperative
changes in all of the variables, an improvement in the FEV1 at
6 months post-LVRS was significantly associated with an in-
crease in the time to first exacerbation (Table 3).

Prior publications have reported a beneficial effect of the
administration of long-acting inhaled b-receptor agonist and
anticholinergic bronchodilators on preventing acute exacerba-
tions of COPD (6, 25). The mean improvement in FEV1 in these
cohorts ranged from approximately 70 ml up to 170 ml when
comparing the active drug arm to placebo, values consistent
with the postoperative improvements in FEV1 seen in the NETT
surgical cohort even 3 years after randomization. Assuming that
the predominant mechanism of action of these inhaled medi-
cations is purely bronchodilation, the durability of the post-
LVRS benefit on exacerbations may not be surprising.

Recently, Calverley and colleagues reported the results of the
TORCH [Towards a Revolution in COPD Health] investigation
(4). In this trial, the cohort of subjects randomized to salmeterol
therapy was found to have a statistically significant reduction in
the frequency of their acute exacerbations as compared with
placebo, while on average only experiencing a 20- to 50-ml im-
provement in their FEV1 over that same time period. Such
a modest functional change in a group that experienced a signif-
icant reduction in exacerbation frequency suggests that the
beneficial effect of LVRS on the surgical nonresponders may be
plausible through similarly modest improvements in lung function.

Although it is possible that even isolated small improve-
ments in FEV1 may beneficially impact a person’s ability to
clear respiratory sections, an additional mechanism to explain
this surgical effect was investigated. By increasing a subject’s
maximal expiratory pressure (MEP) and VC, the authors
postulated that LVRS could improve secretion clearance
through a more efficacious cough. Ultimately, LVRS was not
found to have a beneficial effect on a subject’s MEP (data not
shown) and the postoperative increase in slow VC was not
significant in a multivariate model. Such findings do not pre-
clude the presence of a postoperative improvement in a subject’s
cough but mechanistically make it less likely.

The authors acknowledge limitations to this investigation.
Ascertainment of the frequency of acute exacerbations was not
a study endpoint of the original NETT and for the present
investigation this was determined through the use of medical
claims data. Aside from the assumption that ICD-9 medical
coding accurately correlates with the clinical diagnosis of an acute
exacerbation, this method does not capture urgent clinic visits or
illnesses managed on an outpatient basis. The differential effect
of excluding such episodes in the two treatment arms is difficult to
predict. In theory, exclusion of such data should be equally
distributed between the two cohorts. One of the outcomes of
LVRS is, however, an improvement in symptoms of dyspnea and
quality of living. It is possible that subjects in the surgical cohort
experiencing an acute exacerbation may be less symptomatic
than their counterparts randomized to medical therapy. In such
a case, the surgical cohort would then be less likely to seek or be
referred for inpatient care for acute exacerbations. Therefore, the
observed reduction in the number of ER visits or hospitalizations
might be offset by a proportional increase in exacerbations
treated on an outpatient basis. If this is true, LVRS may not
reduce the frequency of COPD exacerbations but may alleviate
some of the symptoms related to these events. Given that the
clinical symptoms associated with an exacerbation are a major
factor for deciding on inpatient or outpatient care, LVRS could
be responsible for our findings in this manner.

Another potential bias may be that Medicare claims for
exacerbations were coded differently for patients post-LVRS
compared with those in the medical arm. Such a bias might be
introduced if post-LVRS subjects suffering from a COPD exac-
erbation were systematically diagnosed using ICD-9 codes
other than those used in this investigation to define an exacer-
bation. If this was the case, one would expect to see an increase

Figure 3. Time to event analysis of surgical responders defined as 6-
month improvement in FEV1 greater than 0.200 L and the surgical

nonresponders defined as those with less than a 0.200-L improvement

in FEV1 over the same time period.

TABLE 3. RESULTS OF MULTIVARIATE COX REGRESSION
ANALYSIS TO PREDICT TIME TO FIRST EXACERBATION BASED
ON 6-MONTH CHANGE IN PHYSIOLOGIC VARIABLES AMONG
SURGICAL PATIENTS

Variable* Hazard Ratio P Value

DFEV1 (10 ml) 3.2 0.002

D Slow VC (10 ml) 1.13 0.28

DRV (10 ml) 1.02 0.33

DFRC (10 ml) 1.01 0.59

D Maximal work (1 W) 1.00 0.40

DPaO2
(1 mm Hg) 1.01 0.33

DPaCO2
(1 mm Hg) 1.01 0.79

DMEP (1 cm H2O) 1.00 0.73

Definition of abbreviation: MEP 5 maximal expiratory pressure.

Increments of each covariate used for calculation of the hazard Ratio are

provided in parentheses after the named covariate in the first column.

* Each of the covariates was calculated at the absolute change in value

between the 6-month postoperative measurement and baseline, prerandomiza-

tion values (i.e., 6-mo FEV1 in L – FEV1 in L measured before randomization).
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in non–COPD-related ER visits and hospital admissions pro-
portional to the observed decrease in COPD-related events, an
effect not found in this data analysis.

Finally, there is a differential pattern of withdrawal in the two
cohorts, with a greater percentage of subjects in the surgical
cohort presenting for data collection at subsequent study visits.
This will lead to a survivor bias in the reported Cox regression
analysis in the surgical cohort. These results suggest that the
postoperative improvement in FEV1 is largely responsible for the
observed delay in time to first exacerbation. As reported, only
those subjects who lived to the 6-month study time point and
were well enough to perform lung function testing were included
in this analysis. The necessary exclusion of such missing data
likely skews the reported results away from the null hypothesis
that LVRS does not have a beneficial impact on exacerbation
frequency and time to first exacerbation.

The results of this investigation must be kept in the context
of the inclusion criteria of NETT. The homogeneous cohort of
subjects selected to participate in NETT had severe COPD with
evidence of emphysema on their computed tomographic scans
and, as such, these results are not immediately generalizable
to all subjects with COPD. It is also not the authors’ recom-
mendation that LVRS be used as a treatment for the specific
therapeutic goal of decreasing exacerbation frequency. This
investigation does suggest, however, that a reduction in the rate
of acute exacerbations can be achieved through an improve-
ment in lung function independent of the antiinflammatory ef-
fects found in most medications used for this purpose.
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