The New England
Journal of Medicine

Copyright © 2001 by the Massachusetts Medical Society

VOLUME 345

-

OCTOBER 11, 2001

n S

5

NUMBER 15

PATIENTS AT HIGH RISK OF DEATH
AFTER LUNG-VOLUME-REDUCTION SURGERY

NATIONAL EMPHYSEMA TREATMENT TRIAL RESEARCH GROUP*

ABSTRACT

Background Lung-volume-reduction surgery is a
proposed treatment for emphysema, but optimal se-
lection criteria have not been defined. The National
Emphysema Treatment Trial is a randomized, multi-
center clinical trial comparing lung-volume-reduction
surgery with medical treatment.

Methods After evaluation and pulmonary rehabilita-
tion, we randomly assigned patients to undergo lung-
volume-reduction surgery or receive medical treat-
ment. Outcomes were monitored by an independent
data and safety monitoring board.

Results A total of 1033 patients had been random-
ized by June 2001. For 69 patients who had a forced
expiratory volume in one second (FEV,) that was no
more than 20 percent of their predicted value and ei-
ther a homogeneous distribution of emphysema on
computed tomography or a carbon monoxide diffus-
ing capacity that was no more than 20 percent of their
predicted value, the 30-day mortality rate after sur-
gery was 16 percent (95 percent confidence interval,
8.2to 26.7 percent), as compared with a rate of 0 per-
cent among 70 medically treated patients (P<<0.001).
Among these high-risk patients, the overall mortality
rate was higher in surgical patients than medical pa-
tients (0.43 deaths per person-year vs. 0.11 deaths per
person-year; relative risk, 3.9; 95 percent confidence
interval, 1.9 to 9.0). As compared with medically treat-
ed patients, survivors of surgery had small improve-
ments at six months in the maximal workload (P=
0.06), the distance walked in six minutes (P=0.03),
and FEV, (P<0.001), but a similar health-related qual-
ity of life. The results of the analysis of functional out-
comes for all patients, which accounted for deaths
and missing data, did not favor either treatment.

Conclusions Caution is warranted in the use of
lung-volume-reduction surgery in patients with em-
physema who have a low FEV, and either homoge-
neous emphysema or a very low carbon monoxide
diffusing capacity. These patients are at high risk for
death after surgery and also are unlikely to benefit
from the surgery. (N Engl J Med 2001;345:1075-83.)
Copyright © 2001 Massachusetts Medical Society.
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UNG-volume-reduction surgery is a poten-

tially valuable treatment for patients with
advanced emphysema.l'8 During the opera-

tion, 20 to 35 percent of the emphysema-

tous lung is resected by means of either a median
sternotomy or video-assisted thoracoscopy. Generally,
lung function, exercise capacity, and the quality of life
improve after surgery, but the results vary.® The sur-
gical mortality rate ranges from 4 to 15 percent,? and
one-year mortality rates are as high as 17 percent,!?
although follow-up has often been incomplete.l! A re-
view of Medicare claims showed that the six-month
mortality rate was 16.9 percent.!? Uncertainty about
the risk of lung-volume-reduction surgery, the mag-
nitude and duration of benefit, and optimal selection
criteria led the National Heart, Lung, and Blood In-
stitute and the Center for Medicare and Medicaid
Services (formerly the Health Care Financing Admin-
istration) to sponsor a multicenter, randomized clin-
ical trial, the National Emphysema Treatment Trial.!3
The main goal of the trial is to compare survival
rates and exercise capacity two years after lung-vol-
ume-reduction surgery with the results obtained after
medical treatment. An important goal of the trial is to
identify selection criteria for lung-volume-reduction
surgery. The inclusion criteria for the trial are broad
enough to allow the evaluation of subgroups of pa-
tients who have traditionally been considered candi-
dates for surgery, but who were present in only small
numbers in previous studies.’? Every three months a
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data and safety monitoring board reviews recent med-
ical literature, the quality of the data, adverse events,
and outcome data from the trial. The board is charged
with periodically reviewing subgroups of patients who
may benefit from or be harmed by the procedure; as
a result of such review, a set of clinical characteristics
that defines a group of patients with a high mortality
rate and little benefit after lung-volume-reduction
surgery has been identified and is described in this
article. The National Emphysema Treatment Trial has
now modified the protocol to exclude these patients.
Patients who do not meet these exclusion criteria con-
tinue to be enrolled in the trial, and their results will
be reported when the trial is completed.

METHODS

The design and methods of the National Emphysema Treatment
Trial have been described previously!3 and are summarized below.

Screening and Base-Line Assessments

The inclusion criteria were as follows: a forced expiratory vol-
ume in one second (FEV,) that was no more than 45 percent of
the predicted value# but that was at least 15 percent of the pre-
dicted value among patients who were 70 years of age or older, a
total lung capacity that was at least 100 percent of the predicted
value,'s a residual volume that was at least 150 percent of the pre-
dicted value,!s a partial pressure of arterial carbon dioxide of 60
mm Hg or less (55 mm Hg in Denver) while patients were at rest
and breathing room air, a partial pressure of arterial oxygen of at
least 45 mm Hg (30 mm Hg in Denver) while patients were at rest
and breathing room air, an ability to walk farther than 140 m (459
ft) in six minutes, an ability to complete three minutes of pedaling
on a bicycle ergometer without a load, and abstinence from smok-
ing for six months before randomization. Patients had to complete
a measurement of carbon monoxide diffusing capacity but were
not excluded on the basis of the value.!6 Lung function was tested
according to the guidelines of the American Thoracic Society.!719
Patients were excluded if they had other medical conditions that
made them unsuitable for surgery or that might interfere with fol-
low-up. All patients provided written informed consent, and the
study was approved by the institutional review board at each center.

The severity and distribution of emphysema were determined
from high-resolution computed tomographic (CT) scans of the
chest obtained during full inspiration. Each lung was divided into
three apical-to-basal zones, and each zone was scored visually by a
radiologist who had been trained in the study protocol. The extent
of emphysema was graded from 0 to 4, with a grade of 0 indicating
no emphysema and a grade of 4 indicating the presence of em-
physema in more than 75 percent of the lung zone.20-22 Heteroge-
neous emphysema was defined as a difference in scores of at least
two among the three zones in one lung; otherwise, the distribu-
tion of emphysema was classified as homogeneous.

The initial evaluation included six-minute walk tests,23:2¢ lung-
function tests, bicycle ergometry to determine maximal exercise ca-
pacity, the 77-item Quality of Well-Being questionnaire (scores can
range from 0 to 1, and higher scores indicate a better quality of
life),% echocardiography, radionuclide pharmacologic (dobutamine)
stress testing, measurement of arterial blood gases, and lung-per-
fusion scanning. Patients who met the enrollment criteria had to
complete 6 to 10 weeks of pulmonary rehabilitation, after which
the participating center’s pulmonologist and surgeon, in consul-
tation with an anesthesiologist and, if necessary, a cardiologist, had
to determine whether the patient was a suitable candidate for lung-
volume-reduction surgery. Exercise testing, lung-function testing,
the Quality of Well-Being questionnaire, and six-minute walk test-
ing were then repeated. Patients who were randomly assigned to
medical therapy continued pulmonary rehabilitation and medical
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treatment. Patients who were randomly assigned to undergo lung-
volume—-reduction surgery underwent bilateral surgery by means
of either a median sternotomy or video-assisted thoracoscopy; the
goal was to resect 20 to 35 percent of each lung. After surgery, pa-
tients continued rehabilitation and medical treatment. Pulmonary-
function testing, exercise testing, the Quality of Well-Being ques-
tionnaire, and the six-minute walk test were repeated six months
after randomization.

Statistical Analysis

We ascertained vital status as of June 2001. In the calculations
of 30-day surgical mortality rates we included only patients who
actually underwent lung-volume—reduction surgery within the trial.
Other analyses were conducted according to the intention-to-
treat principle and included patients in their assigned group regard-
less of the treatment received. We used contingency tables to es-
timate the relative risk of death between treatment groups, and we
used the Poisson distribution to calculate 95 percent confidence
intervals.26 Kaplan—Meier survival curves from the date of random-
ization were compared with use of the log-rank test.2” We compared
functional outcomes in survivors of surgery and medically treated
patients six months after enrollment using two-sample t-tests of
the mean change from base line. To account for deaths and missing
information, we used the following scoring system to define the
change in functional outcome at six months: patients who had died
were given a score of 0, patients who did not complete the evalu-
ation were given a score of 1, and other patients were given a score
ranging from 2 to 10, depending on the size of the change. For
bicycle ergometry, patients who could not pedal for three min-
utes without a load were classified as unable to complete testing.
Patients who had died were given a score of 0 on the Quality of
Well-Being questionnaire. Patients who did not complete the ques-
tionnaire were assigned a value equal to one half the lowest score.
We compared the distributions of scores between groups using the
Wilcoxon rank-sum exact test.28 All P values were two-sided.

Interim Monitoring

At the outset of the study, the investigators provided the data
and safety monitoring board with stopping guidelines that were
to be used to identify subgroups that benefited from lung-volume—
reduction surgery as well as subgroups whose risk was increased
by the procedure. Both the investigators and the data and safety
monitoring board considered a 30-day surgical mortality greater
than 8 percent to be unacceptable; a stopping guideline was there-
fore instituted to terminate randomization if the lower 95 percent
confidence limit for 30-day mortality exceeded 8 percent.

The investigators requested that the data and safety monitoring
board pay special attention to a subgroup of patients who were
thought likely to have substantial benefit from lung-volume—reduc-
tion surgery, with the understanding that this group might have
enrollment terminated early if such benefit were found. The criteria
for the group thought likely to benefit were an age of 70 years or
less, a postbronchodilator FEV, of 15 to 35 percent of the predict-
ed value, a partial pressure of arterial carbon dioxide of 50 mm Hg
or less (45 mm Hg in Denver), a residual volume greater than 200
percent of the predicted value, a low radionuclide perfusion ratio
(0.2 or less), a heterogeneous pattern of emphysema on CT scan-
ning, and evidence of hyperinflation on chest radiography.

The data and safety monitoring board examined these seven
candidate variables and five other variables (the carbon monoxide
diffusing capacity, maximal work capacity, quality of life, race or eth-
nic group, and sex) added by the investigators and approved by
the data and safety monitoring board to identify subgroups of pa-
tients who might not benefit or might be at risk from lung-volume—
reduction surgery. Exploratory analyses were conducted for each
of these variables. Continuous measures were analyzed both on a
continuous scale and in binary categories, dichotomized at the ap-
proximate quartile for the worst prognosis.

The data and safety monitoring board reviewed subgroups of
patients derived with these candidate variables every three months
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for evidence of increased risk or benefit from lung-volume—reduc-
tion surgery as compared with medical management. The statistical
significance of the subgroup differences for each variable was de-
termined from a test for interaction of the variable with treatment
group, with a proportional-hazards regression model for overall
mortality.

Identification of a High-Risk Group

In April 2001, these analyses suggested that a low FEV , a ho-
mogeneous pattern of emphysema, and a high perfusion ratio pre-
dicted an increased risk of overall mortality. In addition, a low
FEV, and a low carbon monoxide diffusing capacity were associat-
ed with increased 30-day mortality. Additional analyses of patients
with a low FEV, were then requested by the data and safety mon-
itoring board to determine whether combination with the three
other factors could define a subgroup of patients who exceeded the
stopping guideline for 30-day mortality. The data and safety mon-
itoring board, recognizing that any particular cutoft value for a con-
tinuous variable is inherently arbitrary, also requested sensitivity
analyses varying the cutoff values for FEV, and carbon monoxide
diffusing capacity. In May 2001, the data and safety monitoring
board found that the subgroup defined by a combination of low
FEV, and either homogeneous emphysema or low carbon monox-
ide diffusing capacity satisfied the stopping guidelines. Therefore,
the data and safety monitoring board recommended stopping en-
rollment of these patients. The board also found that the perfusion
ratio did not add prognostic value after the other risk factors had
been accounted for. It further concluded that the selected thresholds
for FEV, and carbon monoxide diffusing capacity were the best,
given the available data.

Because several risk factors with many potential cutoff points
were examined several times, the investigators and the data and safe-
ty monitoring board considered whether discovery of the high-
risk subgroups might represent a type I error. We concluded, how-
ever, that the present findings are unlikely to represent a type 1
error. The risk factors were identified prospectively on the basis of
experience and biologic information outside the trial and were
examined with respect to stringent prespecified stopping criteria.
In addition, longitudinal views of the data suggested consistency
and increasing statistical significance over time before the actual
decision point.

RESULTS

Between January 1998 and June 2001, 1033 pa-
tients underwent randomization at 17 clinical centers.
One hundred forty of the patients (13.6 percent) were
in the group at high risk for death after lung-vol-
ume-reduction surgery (70 in the group assigned to
surgery and 70 in the group assigned to medical ther-
apy). The high-risk group had a very low FEV, and
cither a very low carbon monoxide diffusing capacity
or homogeneous emphysema. All 140 patients had an
FEV, that was no more than 20 percent of their pre-
dicted value. Ninety-four also had evidence of homo-
geneous emphysema on CT scanning, and 87 also had
a carbon monoxide diffusing capacity that was no
more than 20 percent of their predicted value. Forty-
one patients met all three criteria. The base-line char-
acteristics of these patients were similar in the two
treatment groups (Table 1).

Treatment
Sixty-nine of the 70 patients assigned to undergo

lung-volume—reduction surgery underwent the pro-
cedure and 1 declined the procedure; this patient

N Engl J Med, Vol. 345, No. 15 -

TABLE 1. CHARACTERISTICS OF THE HIGH-RISK PATIENTS
AT BASE LINE.*

SURGERY MEDICAL THERAPY

CHARACTERISTIC (N=70) (N=70)
Age at randomization — yr 63.1+6.8 64.2+6.1
Race or ethnic group — no. (%)

Non-Hispanic white 68 (97) 64 (91)

Non-Hispanic black 2 (3) 5(7)

Other 0 1(1)
Sex — no. (%)

Female 18 (26) 19 (27)
Male 52 (74) 51 (73)
FEV, after bronchodilator use 17.1+25 17.3+2.4

— % of predicted
TLC after bronchodilator use 132.7+16.7 135.3£19.3
— % of predicted
RV after bronchodilator use 267.4%57.1 274.5+55.7
— % of predicted
D, CO — % of predicted 20.5%8.9 19.8+7.5
PaO, — mm Hg 60.7%+8.6 60.0+9.3
PaCO, — mm Hg 46.8+6.4 47.2+6.0
Perfusion ratiot 0.27+0.15 0.24+0.17
Distribution of emphysema — no. (%)%

Heterogeneous 24 (34) 22 (31)
Homogeneous 46 (66) 48 (69)
Maximal workload on bicycle 28.0x£17.5 24.2+14.9

ergometry — W
Distance walked in 6 min — ft§ 1038.2£300.7 993.9+264.1
Average daily score on Quality of 0.58+0.12 0.54+0.12

Well-Being questionnaire

*High-risk patients were those with a forced expiratory volume in one
second (FEV)) that was no more than 20 percent of their predicted value
and either a homogeneous distribution of emphysema on CT scanning or
a carbon monoxide diffusing capacity (D; CO) that was no more than 20
percent of their predicted value. All base-line measurements were obtained
after rehabilitation and before randomization, except for carbon monoxide
diffusing capacity, which was obtained before rehabilitation and random-
ization. Plus—minus values are means =SD. TLC denotes total lung capac-
ity, RV residual volume, PaO, partial pressure of arterial oxygen (measured
while the patient was breathing ambient air), and PaCO, partial pressure
of arterial carbon dioxide.

tThe perfusion ratio was derived from the radionuclide perfusion scan.
Each lung was divided into three zones, with a percentage of the total
amount of perfusion assigned to each zone. The ratio was calculated as the
sum of the percentages assigned to the upper zones of the left and right
lungs divided by the sum of the percentages assigned to the middle and
lower zones of the left and right lungs.

1The distribution of emphysema was based on scores assigned subjec-
tively to each of the three zones in each lung.

§To convert values to meters, divide by 3.28.

Y The Quality of Well-Being scale is a 77-item questionnaire completed by
the patient concerning his or her quality of life. The average daily total score
ranges from 0 to 1, with higher scores indicating a better quality of life.

was alive four months after randomization. The me-
dian time from randomization to surgery was 10 days
(range, 3 to 84). Forty-seven patients had a median
sternotomy, and 22 had video-assisted thoracoscopy.
Four of the 70 patients assigned to receive medical
treatment underwent surgery outside the trial. Two
of these patients died: one died 22 months after ran-
domization and 1 year after surgery; and the other
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TABLE 2. MORTALITY RATES AMONG HIGH-RISK PATIENTS. *

VARIABLE 30-DAY MoRTALITYT OVERALL MORTALITY$
RISK RATIO
(95% CI) FOR
MEDICAL SURGERY VS.
SURGERY THERAPY SURGERY MEDICAL THERAPY MEDICAL THERAPY
No. of Deaths/ No. of Deaths/
No. of No. of Deaths No. of No. of Total No. of Death Rate/  Total No. of Death Rate/
Patients (% [95% Cl]) Patients Deaths Patients Patient-yr Patients Patient-yr
High-risk group overall 69§ 11 (16 [8.2-26.7]) 70 0q 33/70 0.43 10/70 0.11 3.94 (1.9-9.0)
Subgroup
FEV, <20% of predicted 45§ 8 (18 [8.0-32.1]) 48 ol 23/46 0.50 5/48 0.08 5.96 (2.2-20.1)
and homogeneous
emphysema
FEV, <20% of predicted 44 8 (18 [8.2-32.7]) 43 Ox* 22/44 0.42 8,/43 0.14 298 (1.3-7.7)

and D; CO <20% of
predicted

*High-risk patients are those with a forced expiratory volume in one second (FEV,) that was no more than 20 percent of their predicted value and either
a homogencous distribution of emphysema on CT scanning or a carbon monoxide diffusing capacity (D; CO) that was no more than 20 percent of their
predicted value. A total of 41 patients had all three risk factors (FEV, <20 percent of the predicted value, a homogeneous distribution of emphysema on
CT scanning, and a D; CO <20 percent of the predicted value): 20 in the surgery group and 21 in the medical-therapy group. Five of the 20 patients in
the surgery group who had all three factors died within 30 days after surgery. CI denotes confidence interval.

1The 30-day mortality rate was measured from the date of surgery for those in the surgery group and from the date of randomization for those in the

medical-therapy group.

1The analysis was conducted according to the intention to treat. The overall mortality rate was measured from the date of randomization.

§One patient in the high-risk subgroup who was assigned to surgery declined to undergo it and was excluded from this analysis.

P<0.001 for the comparison with the surgery group.
[[IP=0.002 for the comparison with the surgery group.

**P=0.006 for the comparison with the surgery group.

died 6 months after randomization and 21 days after
surgery. The other two patients were alive 13 months
after surgery.

Mortality and Morbidity

There were no deaths in the medical-therapy
group during the first 30 days after randomization.
In contrast, the 30-day mortality rate after surgery
was 16 percent (95 percent confidence interval, 8.2
to 26.7 percent; P<<0.001 for the comparison with
the medical group) (Table 2). Patients with all three
high-risk characteristics had a 30-day mortality rate
of 25 percent (95 percent confidence interval, 8.7 to
49.1 percent) after surgery. The 30-day mortality rate
after surgery was similar among patients who had un-
dergone video-assisted thoracoscopy and those who
had had a median sternotomy (P>0.99).

The overall mortality rate was 0.43 deaths per
person-year among patients assigned to undergo sur-
gery, as compared with 0.11 deaths per person-year
among those assigned to receive medical therapy (rel-
ative risk of death, 3.9; 95 percent confidence inter-
val, 1.9 to 9.0) (Table 2). The mortality rates during
three years of follow-up are shown in Figure 1. The
cause of death was most frequently classified as respi-
ratory: 90 percent in the case of patients in the sur-
gery group and 89 percent in the case of patients in
the medical-therapy group. Sixty percent of surgical
patients and 43 percent of medical patients were re-
ceiving mechanical ventilation at the time of death
(Table 3). Pneumonia developed in 30 percent of the
high-risk patients within 30 days postoperatively.

Although equal numbers of high-risk patients
were assigned to the two groups, more patients were

Figure 1 (facing page). Kaplan—Meier Estimates of the Probability of Death among High-Risk Patients, According to Whether They
Were Randomly Assigned to Undergo Lung-Volume-Reduction Surgery or Receive Medical Therapy.

This intention-to-treat analysis shows the overall results for the high-risk group (Panel A), the subgroup of patients with an FEV,
that was no more than 20 percent of their predicted value and a homogeneous distribution of emphysema on CT scanning (Panel
B), and the subgroup of patients with an FEV, that was no more than 20 percent of their predicted value and a carbon monoxide
diffusing capacity that was no more than 20 percent of their predicted value (Panel C). For each analysis the difference between
groups was significant (P<0.001, P<0.001, and P=0.005, respectively) by the log-rank test.
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assigned, by chance, to surgery early in the trial, so
that 60 such patients were included in the six-month
analysis of outcomes, as compared with 51 patients
in the medical-therapy group. The distributions of the
changes from base line in the scores for functional
outcomes six months after enrollment favored nei-
ther treatment group (Fig. 2). The surgery group had
more deaths, but a few patients in this group had a
substantial improvement in functional status. By com-
parison, more patients in the medical-therapy group
were unable to undergo testing because of illness.

When the analysis was confined to survivors who
completed the six-month evaluation, the surgery
group showed functional improvement in some meas-
ures. The mean (£SD) change in exercise capacity
from base line in the surgery group was an increase
of 4.5+13.0 W (measured in 34 patients), as com-
pared with a decrease of 4.4*+14.8 W in the medical-
therapy group (measured in 23 patients) (P=0.06).
The surgery group increased the distance walked in
six minutes by a mean of 14.9+63.7 m (49+209 ft)
(measured in 31 patients), whereas the medical-ther-
apy group had a mean decrease in the distance walked
of 21.6+56.7 m (71x186 ft) (measured in 24 pa-
tients) (P=0.03). Twenty-three percent of the 31 pa-
tients in the surgery group increased the distance
walked in six minutes by more than 53.9 m (177 ft)
— the minimal clinically important difference?? — as
compared with only 4 percent of the 24 patients in
the medical-therapy group (P=0.06). Patients in the
surgery group had a mean increase of 5.5+6.9 per-
cent of the predicted FEV, (measured in 34 patients),
whereas patients in the medical-therapy group had a
mean decrease of 0.4*1.9 percent (measured in 26
patients) (P<<0.001). Thirty-five percent of the 34 pa-
tients in the surgery group had an increase in FEV,
of at least 200 ml at six months, as compared with
none of the 26 patients in the medical-therapy group
(P=0.001). The score for the Quality of Well-Being
questionnaire had decreased by 0.01 unit in both
groups at six months (P=0.94).

DISCUSSION

This report identifies the characteristics of patients
who are at high risk for death after lung-volume—
reduction surgery and who also derive little benefit
from the procedure. These patients had an FEV, that
was no more than 20 percent of their predicted value
and either homogeneous emphysema or a carbon
monoxide diffusing capacity that was no more than
20 percent of their predicted value. Within 30 days
after surgery, 16 percent of the patients in this group
had died. After six months, only 33 percent of the pa-
tients in the surgery group had an improvement in
exercise capacity; 23 percent had either no change or
a decrease in exercise capacity, 8 percent were unable
to complete testing, and 35 percent had died. The
health-related quality of life improved in only 28 per-

1080 - N Engl J Med, Vol. 345, No. 15 - October 11, 2001

TABLE 3. CAUSES OF DEATH AND MECHANICAL-VENTILATION
STATUS AT THE TIME OF DEATH IN HIGH-RISK PATIENTS.*

VARIABLE SURGERY MEDICAL THERAPY
Total no. of deaths 33 10
Cause of deatht
No. of patients in analysis 31 9
Respiratory (%) 90 89
Cardiac (%) 19 11
Gastrointestinal (%) 0 0
Sepsis (%) 10 22
Other (%) 6 0
Mechanical ventilation at time of deathf
No. of patients in analysis 30 7
Percent of patients 60 43
Mechanical ventilation§
No. of patients in analysis 18 3
Median no. of days 13 13
Range (days) 1-114 10-20

*High-risk patients were those with a forced expiratory volume in one
second that was no more than 20 percent of their predicted value and ei-
ther a homogeneous distribution of emphysema on CT scanning or a car-
bon monoxide diftusing capacity that was no more than 20 percent of their
predicted value.

tMore than one cause of death could be listed for a patient. The cause
of death was unknown in the case of two patients in the surgery group and
one patient in the medical-therapy group.

fMechanical-ventilation status at the time of death was unknown in the
case of three patients in each group.

§The analysis included only patients who were receiving mechanical ven-
tilation.

cent of these patients, with 72 percent either dying
or having no change or a decrease in the quality of
life. The medical-therapy group had a higher percent-
age of poor functional outcomes but fewer deaths.

Our analysis of functional outcomes took into ac-
count deaths and missing data. We used this approach
because studies that fail to consider patients who have
died or who are unable to complete testing can have
biased results.!22? In our study, more surgical patients
died, whereas more medical patients were unable to
perform functional testing. Patients who did not com-
plete testing but provided no information about why
they missed the test were assigned the same function-
al status as those who were known to be too ill to
complete the test. When we accounted for deaths and
missing information, there was no significant differ-
ence in the distribution of functional outcomes be-
tween groups. When we analyzed survivors only, there
was a small improvement in FEV,, exercise capacity,
and the distance walked in six minutes in the surgical
group.

Our findings have clear importance for the selec-
tion of patients for lung-volume—reduction surgery.
No single characteristic adequately defines a group of
patients for whom the surgery poses a high risk. Sen-
sitivity analyses using different thresholds for FEV,
and carbon monoxide diffusing capacity and combi-
nations of variables suggest that our criteria for high-
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Figure 2. Changes from Base Line to the Six-Month Follow-up Assessment in the Maximal Workload Achieved on Bicycle Ergometry
(Panel A), FEV, (Panel B), the Distance Covered during the Six-Minute Walk Test (Panel C), and Scores on the Quality of Well-Being
Questionnaire (Panel D) among 60 High-Risk Patients Who Were Assigned to Undergo Lung-Volume—Reduction Surgery and 51

Who Were Assigned to Receive Medical Therapy.

The designation “Unable” indicates patients who were too ill to complete the procedure, as well as patients who declined to com-
plete the procedure but who did not explain why they did not complete the procedure. The designation “Dead” indicates patients
who died during the first six months of follow-up, even though some of these patients had completed the six-month evaluation
before death. Scores on the Quality of Well-Being questionnaire can range from 0 to 1, with higher scores indicating a better quality

of life. To convert values from feet to meters, divide by 3.28.

risk patients are nearly optimal. In selecting patients
for surgery, we used clinical tests available to com-
munity practitioners. The presence of these character-
istics should not be considered absolute contraindica-
tions to the surgery. In borderline cases, other clinical
factors, including the willingness of the patient to
accept the risk, should be used to make decisions
about the suitability of lung-volume-reduction sur-
gery. Nonetheless, because of the generally unfavor-
able outcomes, the National Emphysema Treatment
Trial no longer enrolls such patients in the clinical trial,
and caution should be exercised in performing lung-
volume-reduction surgery in such patients.

Our findings are not the result of poor patient se-
lection or a high mortality rate at only a few centers.
The high-risk patients were enrolled at all 17 partic-
ipating clinical centers, and the deaths occurred in
the surgery group at 13 of the 17 centers. Although
the results of subgroup analyses should be interpret-
ed with caution because of the large number of pos-
sible subgroups and the potential for false positive
results, such errors are unlikely in this analysis be-

N Engl J Med, Vol. 345, No. 15 -

cause of the prespecification of variables of interest
and stopping guidelines, the magnitude of the effect,
and the plausibility of the findings.

Published information identifying patients at high-
est risk after lung-volume—reduction surgery is based
mainly on small, uncontrolled case series and is con-
tradictory. Some series suggest that a very low FEV,
is associated with an increased risk of death postop-
eratively,3 whereas others do not.1%:3132 Some case
series suggest that a very low carbon monoxide dif-
fusing capacity increases the risk,3*34 whereas others
have not confirmed this finding.32:3538 A recent trial
of lung-volume-reduction surgery involving 48 pa-
tients stopped enrolling participants who had a car-
bon monoxide diffusing capacity that was less than
30 percent of their predicted value or who were un-
able to walk 150 m (492 ft) on the shuttle-walking
test, because 5 of the first 15 patients died (3 in the
surgical group and 2 in the medical group).* The
cause of the high mortality rate among patients with
a low carbon monoxide diffusing capacity may be re-
lated to impaired gas exchange. In a rabbit model of
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emphysema, a reduction in the diffusing capacity was
the physiological factor that limited the amount of
lung that could be removed during lung-volume—
reduction surgery.?® In patients with a low carbon
monoxide diffusing capacity in association with a low
FEV,, resection of lung tissue may restrict the pulmo-
nary vasculature or surface area available for gas ex-
change enough to cause pulmonary hypertension or
worsen hypoxemia, thereby compromising survival.#0

Although the presence of homogeneous emphyse-
ma is associated with less improvement in pulmonary
function after lung-volume—-reduction surgery than
is the presence of heterogeneous emphysema,3-3241-48
it has infrequently been cited as a risk factor for sur-
gical mortality.#® In patients with homogeneous dis-
ease, lung-volume-reduction surgery involves resec-
tion of functional lung tissue. After the removal of
functional lung tissue, patients with a very low initial
FEV, may not derive enough benefit from the surgery
to survive postoperative pulmonary complications.

Other factors such as advanced age, hypercapnia,
and a low value on the six-minute walk test increase
the mortality rate associated with lung-volume—reduc-
tion surgery. Although these characteristics are asso-
ciated with increased death rates, they did not clearly
identify patients in our study for whom surgery posed
a substantially higher risk than medical treatment.

Our experience in this high-risk group of patients
shows that the increased mortality rate persists be-
yond the 30-day postoperative period. Because ven-
tilatory and circulatory support can maintain life for
prolonged periods in patients with severe physiolog-
ical derangement, it is important to assess the post-
operative mortality rate for longer than 30 days and
to have as a comparison group a similar group of pa-
tients who did not undergo surgery. Patients in both
treatment groups had high rates of death from res-
piratory failure, and many were receiving mechanical
ventilation at the time of death.

In conclusion, we have identified a combination
of physiological and radiographic characteristics in a
group of patients with emphysema that places them
at high risk of death after lung-volume-reduction sur-
gery and who also are unlikely to have large improve-
ments in functional status or the quality of life as a re-
sult of this procedure. Caution is warranted in the use
of lung-volume—reduction surgery in such patients.
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APPENDIX

The members of the National Emphysema Treatment Trial Research
Group, as of May 2001, were as follows: Clinical centers: Baylor College
of Medicine, Houston — R. Espada, I. Nizami, C. Wheeler, E. Baker, P.
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Barnard, R. Butanda, J. Carter, K. Conejo-Gonzales, K. DuBose, P. Fox,
J. Haddad, D. Hicks, M. Milburn-Barnes, C. Nguyen, M. Reardon, J.
Reeves-Viets, S. Sax; Brigham and Women’s Hospital, Boston — J. Reil-
ly, D. Sugarbaker, C. Fanning, K. Birkenmaier, S. Body, S. Dufty, V. For-
manek, A. Fuhlbrigge, P. Hartigan, A. Hunsaker, E Jacobson, M. Moy, S.
Peterson, R. Russell, D. Saunders, G. Simons, D. Sullivan, S. Swanson; Ce-
dars—Sinai Medical Center, Los Angeles — R. McKenna, Z. Mohseni-
far, C. Geaga, M. Biring, S. Clark, R. Frantz, A.E. Gelb, M. Joyner, D.
Julien, M. Lewis, J. Minkoft-Rau, N. Moore, J. Silverman, V. Yegyan;
Cleveland Clinic Foundation, Cleveland — J. Maurer, M. DeCamp, Y.
Meli, J. Apostolakis, D. Atwell, D. Barco, J. Chapman, P. DeVilliers, T.
Durr, R. Dweid, C. Hearn, E. Kraenzler, R. Lann, N. Mangalindan, S.
Marlow, K. McCarthy, P. McCreight, A. Mehta, M. Meziane, O. Minai, P.
O’Donovan, R. Schilz, M. Steiger, K. White; Columbia University, New
York, in consortium with Long Island Jewish Medical Center, New
Hyde Park, N.Y. — M. Ginsburg, S. Scharf, P. Jellen, J. Austin, M. Bartels,
Y. Berkman, P. Berkoski, E Brogan, A. Chong, G. Demercado, A. DiMan-
2o, B. Kachulis, A. Khan, M. Mantinaos, K. McKeon, B. Mets, M. O’Shea,
G. Pearson, J. Pfeffer, L. Rossoff, M. Shiau, A. Sunshine, P. Simonelli, K.
Stavrolakes, M. Tenorio, B. Thomashow, D. Tsang, D. Vilotijevic, C. Yip;
Duke University Medical Center, Durham, N.C. — N. MacIntyre, R.D.
Davis, J. Howe, R. Crouch, K. Grichnik, D. Harpole, Jr., A. Krichman, B.
Lawlor, H. McAdams, S. Rinaldo-Gallo, J. Smith, V. Tapson; Mayo Foun-
dation, Rochester, Minn. — J. Utz, C. Deschamps, K. Bradt, M. Allen,
G. Aughenbaugh, S. Bendel, E. Edell, B. Edwards, M. Edgar, B. Elliot, J.
Garrett, D. Gillespie, J. Gurney, B. Hammel, K. Hanson, L. Hanson, G.
Harms, J. Hart, T. Hartman, R. Hyatt, E. Jensen, N. Jenson, S. Kalra, P.
Karsell, D. Midthun, D. Miller, C. Mottram, S. Swensen, A.M. Sykes, N.
Torres; National Jewish Medical and Research Center, Denver — B.
Make, M. Pomerantz, M. Gilmartin, B. Buquor, J. Canterbury, M. Carlos,
P. Chetham, E. Fernandez, L. Geyman, C. Hudson, D. Lynch, J. Newell,
R. Quaife, J. Propst, C. Raymond, J. Whalen-Price, K. Winner, M. Zamo-
ra; Ohio State University, Columbus — P. Diaz, P. Ross, S. Dinant, T.
Bees, R. Harter, M. King, D. Rittinger, M. Rittinger, C. Sorenson; Saint
Louis University, St. Louis — K. Naunheim, E Alvarez, J. Osterloh,
S. Borosh, W. Chamberlain, S. Frese, A. Hibbit, M.E. Kleinhenz, G. Rup-
pel, C. Stolar, J. Willey; Temple University, Philadelphia — G. Criner, S.
Furukawa, A.M. Kuzma, R. Barnette, N. Brester, K. Carney, W. Chatila,
G. D’Alonzo, M. Keresztury, K. Kirsch, K. Lautensack, E. Leonard, M.
Lorenzon, P. Rising, S. Schartel, J. Travaline, G. Vance; University of Cal-
ifornia, San Diego — A. Ries, R. Kaplan, C. Ramirez, D. Frankville, P.
Friedman, J. Harrell, J. Johnson, D. Kapelanski, D. Kupferberg, C. Larsen,
T. Limberg, M. Magliocca, EJ. Papatheofanis, L. Prewitt, W. Ring, D. Sas-
si-Dambron; University of Maryland at Baltimore, in consortium with
Johns Hopkins Hospital, Baltimore — M. Krasna, H. Fessler, I. Mos-
kowitz, R. Freudenberger, T. Gilbert, V. Merino, J. Orens, D. Shade, K. Sil-
ver, M.P. Ulicny, C. Weir, C. White; University of Michigan, Ann Arbor
— E Martinez, M. Iannettoni, C. Meldrum, W. Bria, K. Campbell, P.
Christensen, K. Flaherty, S. Gay, P. Gill, P. Kazanjian, E. Kazerooni, V.
Knieper, M. Meldrum, T. Ojo, L. Poole, L. Quint, P. Rysso, T. Sisson, M.
Spear, M. True, W. Woniewski, B. Woodcock; University of Pennsylva-
nia, Philadelphia — L. Kaiser, J. Hansen-Flaschen, J. Mendez, A. Alavi,
J. Aronchick, S. Arcasoy, S. Aukberg, B. Benedict, S. Craemer, R. Daniele,
W. Gefter, M.L. Geraghty, L. Kotler-Klein, R. Kotloff, W. Miller, Sr., R.
O’Connell, S. Opelman, H. Palevsky, W. Russell, H. Sheaffer, R. Simcox,
S. Snedeker, J. Stone-Wynne, M. Swartz, G. Tino, J. Walter, D. Zisman;
University of Pittsburgh, Pittsburgh — FE Sciurba, J. Luketich, E.
George, G. Ayres, M. Brown, M. Donahoe, C. Fuhrman, R. Hoffman, M.
Holbert, P. Johnson, R. Keenan, J. Lacomis, J. Sexton, W. Slivka, D. Strol-
lo, E. Sullivan; University of Washington, Seattle — J. Benditt, D.
Wood, M. Snyder, K. Anable, N. Battaglia, L. Boitano, A. Bowdle, L.
Chan, C. Chwalik, B. Culver, D. Godwin, S. Goodkin, A. Ibrahim, D.
Lockhart, S. Marglin, P. McDowell, D. Oxorn; Other participants: Agency
for Healthcare Research and Quality, Rockville, Md. — L. Bosco, Y.P.
Chiang, C. Clancy, H. Handelsman; Coordinating Center, Johns Hop-
kins University, Baltimore — S. Piantadosi, J. Tonascia, P. Belt, K. Col-
lins, B. Collison, J. Dodge, M. Donithan, V. Edmonds, J. Harle, R. Jack-
son, S. Lee, C. Levine, J. Meinert, J. Meyers, D. Nowakowski, K. Owens,
S. Qi, B. Simon, M. Smith, P. Smith, A. Sternberg, M. Van Natta, L. Wilson,
R. Wise; Cost-Effectiveness Subcommittee — R.M. Kaplan, Y.-P. Chiang,
M.C. Fahs, A.M. Fendrick, A.J. Moskowitz, D. Pathak, S. Ramsey, J.S.
Schwartz, S. Sheingold, A.L. Shroyer, J. Wagner, R. Yusen; Cost-Effective-
ness Data Center, Fred Hutchinson Cancer Research Center, Seattle
— S. Ramsey, R. Etzioni, S. Sullivan, D. Wood, T. Schroeder, W. Kreuter,
K. Berry, N. Myers; CT Scan Image Storage and Analysis Center, Uni-
versity of Towa, Iowa City — E. Hoffman, B. Robinswood, J. Cook-
Granroth, G. McLennan, C. Piker, J. Reinhardt, J. Sieren, W. Stanford;
Data and Safety Monitoring Board — J. Waldhausen, G. Bernard, D.
DeMets, M. Ferguson, E. Hoover, R. Levine, D. Mahler, A.J. McSweeny,
J. Wiener-Kronish, O.D. Williams, M. Younes; Center for Medicare and
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Medicaid Services, Baltimore — S. Sheingold, J. Doherty, K. McVearry,
J. Proctor-Young, S. Shirey, K. Simon; Marketing Center, Temple Uni-
versity, Philadelphia — G. Criner, C. Soltoff; Office of the Chair of the
Steering Committee, University of Pennsylvania, Philadelphia — A.D.
Fishman; Project Office, National Heart, Lung, and Blood Institute,
Bethesda, Md. — G. Weinmann, J. Deshler, D. Follmann, J. Kiley, M. Wu.
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