
Emphysema is associated with the loss of lung elas-
tic recoil, collapse of small airways, hyperinflation
of the lungs, increased work of breathing, and pro-

gressive disability.  Lung Volume Reduction Surgery
(LVRS) is designed to remove the most diseased portions
of the lung, reducing hyperinflation and improving res-
piratory mechanics, dyspnea, and quality of life.

In 1994 we presented our initial results with bilateral
LVRS for emphysema,1 and subsequently published results
of the initial 250 consecutive patients undergoing this pro-
cedure.2 The 90-day mortality was 4%, the median fol-
low-up was 4.4 years, and the 5-year survival was 68%.
The mean pre-op forced expiratory volume in 1 second
(FEV1) was 26% of predicted and increased by 54% at 6
months and by 31% at 3 years, with significant benefit out
to 5 years.  The mean pre-op residual volume (RV) was
280% of predicted and was decreased by 31% at 6 months
and 28% at 3 years with significant benefit out to 5 years.
Other documented benefits included a reduction in dysp-
nea and supplemental oxygen requirements with im-
proved exercise tolerance and quality of life.  

Reports from other centers confirmed the benefits of
LVRS, but rapid proliferation of LVRS with less stringent
patient selection, variability in surgical procedures, and in
reported outcomes generated uncertainty regarding the true
benefits of LVRS.  In January 1996 Medicare suspended
payment for LVRS and co-sponsored a long-term ran-
domized trial with the National Institutes of Health com-
paring LVRS with ongoing medical management.  

During the development of the National Emphysema
Treatment Trial (NETT) protocol, an analysis of available
LVRS data was undertaken to help guide the study proto-
cols.  A hypothesis was generated which stated that patients
who have “heterogeneously distributed emphysema in-
volving the upper lung zones predominantly” would be
those most likely to benefit from LVRS.3 The actual se-
lection criteria for patients enrolled in the NETT, howev-
er, were much broader and “were crafted to include all pa-
tients who might benefit from LVRS.”4

The trial was a multicenter randomized clinical trial of
medical therapy versus medical therapy plus bilateral
lung volume reduction surgery.  The primary outcome to
be assessed was survival,5 and an additional primary out-
come was exercise tolerance as measured by cycle ergom-
etry.  A number of secondary outcomes were defined in-
cluding pulmonary function, dyspnea, and quality of life.

Patients with a homogeneous pattern of emphysema were
initially excluded from the NETT if either the FEV1, or
the diffusing capacity was less than 25% of the predicted
value or if the residual volume was less than 220% of pre-
dicted.  Because of overall disappointing recruitment to the
trial, the above exclusion criteria for patients with a ho-
mogeneous pattern of emphysema were eliminated, per-
mitting such patients to be enrolled in the trial at the dis-
cretion of the individual centers.6

In August 2001, following randomization of 1,033 pa-
tients, the NETT data safety monitoring board identified
a subgroup of patients who were at high risk of death fol-
lowing lung volume reduction surgery and who appeared
to achieve little benefit from the procedure.7 Nearly two
thirds of these patients had homogeneous disease and were
ineligible according to the initial criteria, but were enrolled
after the orginal exclusions were dropped.  

This early report of patients at high risk for LVRS was
the subject of widespread publicity and dealt a major blow
both to NETT recruitment and to the general perception
as to the value of LVRS.  In May 2003, the NETT reported
on the 2-year follow up results of the medical and surgi-
cal arms of the NETT.6 Among the conclusions were that
for the overall group, LVRS does not confer survival ad-
vantage over medical therapy but does increase the chance
for improved exercise capacity.  Retrospective analysis sug-
gested a survival advantage for a subgroup of patients with
predominantly upper lobe emphysema and low baseline ex-
ercise capacity.  Following the report, Medicare restored
coverage for patients with predominantly upper lobe em-
physema. 

Under The Freedom of Infor-
mation Act, we obtained the
NETT data set, which contained
follow-up data as of May 2006
and identified which medical and
surgical patients pre-operatively
met the NETT criteria for a het-
erogeneous pattern of emphyse-
ma with upper lobe predomi-
nance, a group we refer to as the
“target group”.  Of the 1,218 pa-
tients enrolled in the NETT, 511
patients met these criteria and
included 261 patients who re-
ceived bilateral LVRS and 250
patients who received medical
management.  For these patients,
LVRS compared with medical
management produced signifi-
cant benefit in terms of 5-year

survival, exercise capacity, quality of life, and measured
lung function.  5-year survival was 70% for the surgical
group and 60% for the medical group (P=0.02).  Follow-
ing LVRS, improvement in the FEV1 over baseline values
were 42%, 35%, and 26% at 6 months, 1 year, and 3 years,
respectively.  The residual volume declined by 30%, 28%,
and 25% at the same time periods.  All of these results were
highly statistically significant compared with the corre-
sponding medical group, as shown in Figures 1 and 2.

We analyzed the results of LVRS in the “target group”
of NETT patients stratified for high or low baseline exer-
cise capacity using the NETT criteria.  Contrary to the ini-
tial report of the NETT, we found that the benefits of LVRS
applied equally to both groups of patients.

We compared the results of LVRS in the NETT “target
group” of patients with those we previously reported in the
series of 250 consecutive bilateral LVRS patients.  The re-
sults were remarkably similar between the two series in
terms of survival, improvement in FEV1, and reduction in
residual volume.  The change in FEV1 over time for the
two series is depicted in Figure 3.

In retrospect, much of the confusion and conflicting re-
sults generated by the NETT were due to the fact that only
42% of patients enrolled in the trial met the eligibility cri-
teria consistent with the NETT hypothesis as to who would
likely benefit from LVRS, but there was no stratification
or separate analysis of these patients.  Furthermore, the el-
igibility criteria were changed twice after the trial began.

Because reduction of hyperinflation by LVRS has been
shown to significantly benefit appropriately selected em-
physema patients, a number of endoscopic procedures have
been proposed in an attempt to achieve a “volume reduc-
tion” effect.  At the present time, none of these experi-
mental procedures (valves, adhesive, airway bypass) has
demonstrated sufficient efficacy to warrant FDA approval.
This, coupled with the reduction in priority status for
COPD patients seeking a lung transplant, greatly increases
the current role of LVRS in the management of patients
with severe COPD.  

Conclusion

Overall, the NETT has proven to be extremely in-
formative, having confirmed in a randomized tri-
al the value of LVRS for appropriately selected can-

didates.  
The patients most likely to benefit from LVRS have het-

erogeneously distributed emphysema involving the upper
lung zones predominantly, and the significant benefit in
terms of survival, functional improvement, and quality of
life apply equally to patients with either high or low base-
line exercise capacity.
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Study Findings From Ciccone et al2

NETT Heterogeneous Upper Lobe Predominant LVRS

Figure 1. FEV1% Predicted

Figure 2. RV% Predicted

Figure 3. FEV1% Predicted 
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