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Randomized Clinical Trial of Lung Volume
eduction Surgery Versus Best Medical Care for
atients With Advanced Emphysema: A Two-Year
tudy From Canada

ohn D. Miller, MD, Richard A. Malthaner, MD, Charles H. Goldsmith, PhD,
onald Goeree, MS, David Higgins, MDCM, P. Gerard Cox, MB, Lawrence Tan, MD,
nd Jeremy D. Road, MD, for the Canadian Lung Volume Reduction Surgery Study
ivision of Thoracic Surgery, McMaster University/St. Joseph’s Hospital, Hamilton, Ontario, Division of Thoracic Surgery,
niversity of Western Ontario, London, Ontario, Division of Thoracic Surgery, University of Manitoba, Winnipeg, Manitoba, and

espiratory Medicine, University of British Columbia, Vancouver, British Columbia, Canada
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Background. We present a summary report evaluating the
fficacy of lung volume reduction surgery (LVRS) in patients
ith advanced emphysema in the Canadian setting.
Methods. Quality of Life measures assessed the efficacy

f adding LVRS to best medical care including rehabili-
ation in this blinded randomized multicentered con-
rolled trial with 2 years of follow-up. Health utility and
uality-adjusted life years (QALY) were outcomes cen-

ral to our economic assessment.
Results. None of the 32 patients randomized to the

VRS arm or 30 patients in the best medical care (BMC)
rm crossed-over and no patients were lost to follow-up.
verall surgical mortality was 16% at 2 years while the

verall medical mortality was 13% (p � 0.914). There
ere no 30-day postoperative deaths but 2 deaths (6%)

ccurred within 90 days of randomization. Surgery re-
uced the residual volume measured at 6 months by 23%
5,385 mL to 4,322 mL, p � 0.007). There was an increase
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venue East, Hamilton, Ontario, Canada, L8N 4A6; e-mail:
miller@mcmaster.ca.
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ublished by Elsevier Inc
n forced expiratory volume in 1 second (FEV1) of 30%
265 mL, p � 0.013) from baseline, an improvement in the
ix minute walk test (6MWT) of 78 meters (p � 0.045), and
n increase in Health Utility Index 3 (HUI3) which
eaked at 6 months with a difference of 0.16 (p � 0.129).
here was a gain in QALYs of 0.21 (p � 0.19) in the
VRS-arm over the BMC-arm. The LVRS costs an addi-

ional $28,119 Canadian dollars (CAD) compared with
MC or $133,900/QALY gained.
Conclusions. The addition of LVRS to best medical care

ncluding pulmonary rehabilitation improves pulmonary
unction, exercise activity, and quality of life in selected
atients with advanced emphysema. Cost is high but in
eeping with other treatment modalities currently avail-
ble.

(Ann Thorac Surg 2006;81:314–21)

© 2006 by The Society of Thoracic Surgeons
hronic obstructive pulmonary disease is the fifth most
common cause of death and is the only leading cause

f death that is rising in prevalence. Despite the results of
even randomized trials and several case series demon-
trating a benefit to patients, physicians remain routinely
eluctant to recommend surgery to their patients with
mphysema as a palliative measure [1–10]. Information
bout the risks, benefits, and costs of lung volume reduction
n a Canadian setting has been lacking. We report the final
linical and economic results of a multicenter Canadian
rial with 2-year follow-up.

atients and Methods
atient Selection
ive Canadian centers enrolled patients into the CLVR
tudy conditional on specific inclusion and exclusion

ccepted for publication July 18, 2005.

resented at the Forty-first Annual Meeting of The Society of Thoracic
urgeons, Tampa, FL, Jan 24–26, 2005.

ddress correspondence to Dr Miller, McMaster University, 50 Charlton
riteria (Table 1). Patients were not excluded for homo-
eneous disease. After screening, patients who qualified
or the trial were referred for a standardized pulmonary
ehabilitation program. Medical therapy was optimized
11], baseline testing (prerandomization) was performed
Table 2), and patients who qualified were randomized in

1:1 allocation ratio between lung volume reduction
urgery (LVRS) and optimal medical therapy. Patients
ssigned to LVRS proceeded to surgery within 2 weeks.
ll outcome events were attributed on an intent-to-treat
asis. Crossover between study arms was not permitted.
ecruitment started July 1997 and finished January 2001.

nstitutional ethics approval of this study was obtained
n June 1996 and each patient within the study gave

nformed consent for serving as a subject.

urgical Technique and Best Medical Care
urgical technique was standardized. Preoperative high
esolution computed tomographic scan and ventilation-
erfusion scan were used to determine target areas that
ere resected through a median sternotomy. Approxi-
ately 20% to 30% of the total lung volume was removed
nd the staple line was buttressed with either bovine

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.07.055
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ericardium or polytetrafluoroethylene (GOR-TEX; W L
ore & Assoc, Flagstaff, AZ) to reduce postoperative air

eaks [12]. Best medical care was standardized by follow-
ng the recommendations of the American Thoracic So-
iety [11] and Canadian Thoracic Society [13]. Best med-
cal care (BMC) included additional pulmonary
ehabilitation and was offered postoperatively as
equired.

utcome Measures
utcome measurements included assessment of body

unction, activity, and participation. Body function was
easured using pulmonary function and blood gases.
ctivity level was assessed by the six minute walk test

6MWT). The predetermined minimally clinically impor-
ant difference (MCID) for FEV1 was determined to be
00 mL or an increase from baseline of 20% [14] and a
CID for 6MWT was considered to be 30 meters [15].

articipation was assessed by Quality of Life (QOL)
uestionnaires; the disease-specific Chronic Respiratory
isease questionnaire (CRQ) [16], the generic Medical
utcomes Survey Short-Form 36 (SF-36) [17], and the
ost general Health Utility Index (HUI3), our primary

utcome [18].
The CRQ is an interviewer-administered question-

aire that measures the patients’ physical and emotional
ymptoms as they relate to emphysema. Each item is

able 1. Entrance Criteria

nclusion:
isabling dyspnea (CRQ - dyspnea score � 5)
ge between 40 and 79 years
ostbronchodilator FEV1 � 40% predicted
iffusing capacity (Dlco/VA) � 60%
otal lung capacity � 120% or
esidual volume � 200%
ble to attend a respiratory rehabilitation
xclusion:
resence of significant:
Ischemic heart disease,
Peripheral vascular disease
Neuromuscular disease

ulmonary hypertension (systolic � 50 or mean � 35 mm Hg)
xcessive corticosteroid therapy (prednisone � 10 mg/day)
alnutrition (body mass index � 20 kg/m2)
besity (body mass index � 30 kg/m2)
revious thoracotomy
olitary bullae (bulla � 20% of hemithorax)
oncurrent malignancy
hronic bronchitis (daily sputum production � 3 months per

year)
ypercapnia (Pco2 � 55 mg Hg)
sthma (increase in FEV1 � 20% and � 200 mL

postbronchodilator)

RQ � chronic respiratory disease questionnaire; Dlco/VA � diffus-
ng capacity of lung for carbon monoxide; FEV1 � forced expiratory
olume in 1 second; Pco2 � partial pressure of carbon dioxide.
cored on a 7 point modified Likert Scale from 1 (maxi-
l
�

um impairment) to 7 (no impairment). Changes in the
core of 0.5, 1.0, and 1.5 were regarded as small, moder-
te, and large effects, respectively [19].
The Medical Outcome Study Short Form (SF-36) is a

elf-administered questionnaire with 8 domains and two
omponents. Each domain is scored 0 to 100 with the
ighest number representing the best health state, while

he Physical and Mental Component Summaries have a
ean score of 50 and a standard deviation of 10. In this

tudy 5 was considered a small clinical change while 10
as a large change. The HUI3 is a generic preference-
ased approach to the measurement of health status and
ealth-related quality-of-life [20]. The scoring for HUI3
ssigns a single summary number in the interval be-
ween 0.00 (death) and 1.00 (perfect health) with negative
alues for health states worse than death. The HUI3
ifference between intervention arms over the 2 years of

he study is expressed in quality-adjusted life years
QALYs) gained. A MCID of 0.05 was determined by
eview with a panel of stakeholders and experts, consist-
ng of patients, thoracic surgeons, respirologists, and a

ethodologist. The QALYs have become essential out-
ome measures for clinical trials and are recommended
y the United States Public Health Commission on
esearch in Health and Medicine [21].
A trained individual who was blinded to the patient

reatment allocation administered all measurement of
he 6MWT, pulmonary function studies, CRQ, and HUI3.
he incremental cost-effectiveness of LVRS compared
ith BMC alone over a 2-year time horizon was assessed

nd was defined as the ratio of the difference between
reatment groups in mean costs to the difference in
uality-adjusted life years (cost per QALY). The eco-
omic analysis was conducted from the viewpoint of a
rovincial government healthcare payer.
Price weights were applied to resource use data to

stimate the total healthcare cost for each patient. Price
eights for hospital resources were provided by a large
ntario Case Costing Project teaching hospital in On-

ario [22] that was participating in the CLVR study. Costs
f physician services were taken from the Ontario Sched-

able 2. Demographics

LVRS Arm
Best Medical

Care Arm

ge mean (min–max) 64.1 (48–78) 63.1 (50–75)
ender M:F 22:10 19:11
moking pack years 59.5 44.1
MI kg/m2 24.4 (15.0–33.0) 23.6 (17.1–32.5)
V (L) (min-max) 5.40 (3.70–7.37) 5.37 (3.49–8.22)
EV1 (ml) (% predicted) 726 (25%) 653 (23%)
LC (L) (% predicted) 8.20 (136%) 7.78 (138%)
LCo (% predicted) 8.18 (31%) 8.92 (35%)
MWT (min-max) 340 (107–649) 319 (133–468)

MI � body mass index; Dlco � diffusing capacity of lung for carbon
onoxide; FEV1 � forced expiratory volume in 1 second; LVRS �
ung volume reduction surgery; MWT � minute walk test; RV (l)
residual volume (lung); TLC � total lung capacity.
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le of Benefits [23]. Unit costs for drugs were derived
rom the Ontario Drug Benefits Schedule [24]. Costs are
eported in 2004 Canadian dollars (CAD).

tatistical Analysis
he primary outcome of the trial was the difference in
ALYs between the two intervention arms using HUI3 as

he basis of this calculation. The primary analysis was a
wo-way analysis of variance with center blocking and
reatment as the two factors. Blocking was done in groups
f 2 or 4. Randomization, in a 1:1 allocation ratio between
reatment arms with surgeon stratification, was per-
ormed at the Data Coordinating Center to ensure con-
ealment of the process. The sample size calculation was
ased on a two-tailed type I error rate, alpha of 5%, with
power of 90%, and clinically important difference of 0.10
ver the 2-year period. We estimated a need of 350
atients. Nonparametric bootstrap methods were used to
alculate a 95% interval for the incremental cost effec-
iveness ratio.

uality-Adjusted Values
hile it is common to integrate (health) utility values

ollected over time by using the area under the curve
rawn between multiple time points to compute QALYs,

his procedure is less common with clinical outcomes.
ecent literature [20] has suggested that any measure

hat is either interval or a ratio, can be integrated to get
n overall assessment over the time course of the trial. In
his study, we used the outcome measures at each and
very time point where the data were recorded. We then
sed the area over the 2 years (730 days) of the trial to
etermine a value. Dividing this value by 730 resulted in
quality-adjusted value for each patient for that variable.
omparing each arm of the study using this quality-
djusted value would measure the impact of surgery
elative to medicine. This approach was preferred to
omparing multiple values over time that are not statis-
ically independent such that any differences could lead
o confusion. The quality-adjusted value provides a
lobal average assessment of each outcome and is intu-

tive and simple to interpret because it uses the same
nits as the original measurements.

esults

ixty-two patients completed pulmonary rehabilitation
nd were candidates for randomization. Thirty-two pa-
ients were randomized to surgery and 30 to best medical
are. The demographics of all patients randomized are
utlined in Table 2. All patients were followed to 2 years
r to their death.
There were 3 patients randomized to the LVRS arm
ho did not undergo LVRS. One withdrew from the

tudy prior to the scheduled surgery date and refused to
e followed further. A second patient’s operation was
ostponed and on reassessment, four months later, he

elt too well to accept the risks of surgery. All scheduled
utcome measures were obtained for this patient and

ere included in the surgical cohort results (intent-to- 6
reat). A third patient was disqualified in error because of
n unexpected intraoperative discovery of a lung malig-
ancy. Subsequent assessment of this patient was not
arried out by the local study center.

ortality
here were no 30-day postoperative deaths and 2 of 32

6%) patients died within 90 days of surgery. There was a
of 30 (3%) patient death in the best-medical-care arm

uring the first 90 days. The overall 2-year survival was
imilar in each arm of the study: LVRS arm 5/32 deaths
16%) and the BMC arm 4/30 deaths (13%) (p � 0.935).

articipation: CRQ and SF-36
he difference between groups at 2 years in all four
omains of the CRQ achieved statistical significance

Table 3). The quality-adjusted values were clinically
mportant and statistically significant for all four do-

ains. The CRQ-dyspnea domain score was better for
he LVRS patients when compared with patients treated
n the medical arm over the 2 years of the study (�1.14,
5% confidence interval [CI; 0.33–1.95]; (p � 0.008).

Eight of 10 domains of the SF-36 achieved the MCID at
years, but only one achieved statistical significance. The
hysical functioning domain was both clinically impor-

ant and statistically significant at the 2-year assessment
26.42, 95% CI 11.3–41.5; p � 0.0016). The quality-adjusted
alue was clinically important in 9 of 10 domains and
tatistically significant in 4 of these domains (Table 3).

UI3
he HUI3 showed a clinically important improvement in
uality of life at the 2-year assessment (0.104) but had only
n 80% certainty that the observation was a true finding
Table 4, Fig 1). The difference failed to achieve statistical
ignificance (0.104, 95% CI �0.06–0.27; p � 0.19).

V and FEV1

ung reduction after surgery was achieved as evidenced
y a reduced of 26% from baseline (Table 5). Mean
esidual volume for the surgical patients at baseline was
,400 mL and 4,017 mL at 6 months (p � 0.007).

There was an absolute increase in FEV1 of 263 mL (30%
rom baseline, p � 0.055) at 6 weeks. This improvement
ersisted to a lesser extent through 3, 6, 12, and 18
onths but disappeared by 24 months. Twenty-nine of 32

91%) surgical patients had a measurable increase in their
EV1 after LVRS, while 10 of 30 (33%) patients treated
edically showed an improvement in their FEV1 over the

-year study. (X2 � 22.62, p � 0.0001; Fisher exact p2 �
.0001). Patients in the surgical arm had an improvement
n the quality-adjusted FEV1 of 267 mL (p � 0.013)
ompared with the patients in the medical arm.

xygen Requirement
here were no significant changes in arterial blood gas
easurements over the 2-year study and no significant

hanges after LVRS. A small but not statistically signifi-
ant difference between groups was observed in Paco at
2

months (�4.3 mm Hg [standard error 2.23]) (p � 0.07),
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ut this difference vanished by 12 months. Home oxygen
as required by 37% of the patients before LVRS. This
ercentage was reduced to 28% postoperatively (p �
.09). Six patients (50%) required less oxygen support and
patients (25%) required an increase in their oxygen.

ix Minute Walk Test
he 6MWT improved by 93.8 meters (95% CI [15.4–
72.1]) (p � 0.021) over the 2-year period (Table 5).
wenty-two of the 32 patients (69%) in the surgical arm
ad a measurable increase in their six minute walk test
hile 10 (31%) patients deteriorated. In the medical arm
of 30 (27%) had a measurable increase in their 6MWT
hile 22 of the 30 (73%) patients deteriorated as the

-year study progressed (Xi2 � 10.98, p � 0.0009; Fisher
xact p2 � 0.0011).

able 3. Changes in Participation: Quality-Adjusted Value fo
hrough 24 Months

RQ Domain Mean

yspnea 1.14
atigue 0.90
astery 1.00

motional function 0.87
F-36 Domain
hysical functioning 17.06
ole physical 17.61
odily pain 10.85
eneral health 17.48
itality 9.16
ocial functioning 12.03
ole emotional 10.26
ental health 10.58
ental component score 3.89

hysical component score 6.67

I � confidence interval; CRQ � chronic respiratory disease questio

able 4. Changes in Health-Related Quality of Life HUI3:
ifference Between LVRS and BMC Arms Changes in HUI3
hrough 24 Months

HUI-3 Score

Mean {95% CI} (df) p

month 0.13 {�0.07 to 0.32} (19) 0.1806
month 0.16 {�0.05 to 0.36} (16) 0.1285

2 month 0.13 {�0.13 to 0.39} (15) 0.3087
4 month 0.12 {�0.12 to 0.35} (13) 0.2991
uality-adjusted valuea 0.104 {�0.06 to 0.27} (13) 0.1911
ALY 0.21 {�0.12 to 0.53} (13) 0.1911

With interpolation; Mean � adjusted mean post randomization scores
inus adjusted mean baseline scores.

MC � best medical care; CI � confidence interval; df � degrees
C
f freedom; LVRS � lung volume reduction surgery; QALY �
uality-adjusted life years.
ost Effectiveness Analysis
rice weights and utilization of selected resource use by

reatment group are presented (Table 6). Thirty-two pa-
ients were randomized to LVRS, and 30 to BMC. Three
atients (1 LVRS, 2 BMC) were excluded from the economic
nalysis because of no data. Two LVRS patients did not
ndergo surgery but were included in this intent to treat
nalysis. The mean length-of-stay for the initial hospitaliza-
ion was 31.1 days in the surgery group including a mean of
1.3 days in the intensive care unit. Over the 2 years of the
tudy, the LVRS group experienced a mean of 0.8 hospital-
zation per patient and a mean number of hospital days of
0.3 compared with the medical care group who experi-
nced a mean of 1.6 hospitalizations per patient and each
ospitalization was 17.2 days in duration. The LVRS pa-

ients had a mean of 7.3 months of home oxygen vs 10.3
onths for patients in the BMC arm. Of the LVRS patients,

1% returned to a rehabilitation program while 39% of the
atients in the BMC arm went back into a rehabilitation
rogram.
The mean cost related to the index hospitalization was

33,622 per patient in the LVRS group and $0 per patient in
he BMC group (Table 7). This includes a mean of $4,684 for
he surgery (includes bronchoscopy and/or tracheotomy
osts) and $28,938 for length of stay hospitalization costs.
ollow-up costs were $5,503 lower among surgery patients
ompared with the BMC group ($16,154 vs $21,657). Con-
ributing to the lower follow-up costs were lower hospital-
zation costs ($7,204 vs $12,155), oxygen costs ($2,781 vs
3,927), and medication costs ($1,175 vs $1,400). The cost for
ehabilitation was ($3,469 vs $2,647) in the LVRS arm vs
MC arm. The total mean cost over the 2-year period was
49,776 in the surgery group and $21,657 in the BMC group.
his results in an incremental cost of LVRS of $28,119 (95%

Q and SF36: Difference Between LVRS and BMC Arms

Quality Adjusted Value

{95% CI} (df) p

{0.33 to 1.95} (24) 0.0079
{0.04 to 1.76} (24) 0.0414
{0.13 to 1.87} (24) 0.0261
{0.09 to 1.64} (24) 0.0308

{6.28 to 27.84} (28) 0.0031
{�0.44 to 35.65} (15) 0.0551

{0.81 to 20.89} (28) 0.0351
{7.48 to 27.48} (28) 0.0013

{�2.85 to 21.17} (28) 0.1293
{�0.49 to 24.56} (28) 0.0591
{�4.87 to 25.39} (26) 0.1751
{�0.96 to 22.11} (28) 0.0707
{�3.42 to 11.20} (28) 0.2852

{1.93 to 11.40} (28) 0.0075

; df � degrees of freedom.
r CR
I $5756 to $22362).



q
2
o
(
$

C

A
4
w
s
c
w
e
s
w
t
i
w
r
p
n

s
p
n
a
w
m
(
p
f

r
s
c
Q
c
o
a
u
g
A
r
c
c
p

T
L

3
6
1
2
Q

a

B
v

318 MILLER ET AL Ann Thorac Surg
LVRS FOR EMPHYSEMA PATIENTS 2006;81:314–21

G
E

N
E

R
A

L
T

H
O

R
A

C
IC
The LVRS patients were found to have 0.21 more
uality-adjusted life years than BMC patients over a
-year time horizon. Dividing the incremental mean cost
f LVRS patients ($28,119) by their incremental QALYS
0.21) results in an incremental cost-effectiveness ratio of
133,900 per QALY (95% CI 26,000 to undefined).

omment

cross the five centers, 467 candidates were screened and
05 were excluded from the protocol. Sixty-two patients
ere selected. This ratio of successful selection was

imilar to the experience of others [6, 8]. The most
ommon reasons for exclusion in our study were patients
ho were too ill with multisystem disease (25%) or not ill

nough with lung volumes too small (24%). Other rea-
ons included single large bullae (20%); 68 patients (17%)
ere excluded and considered for transplantation. Pa-

ients declined because of unwillingness to be random-
zed (9%). Twenty patients were excluded because they
ere referred while in an intensive care unit and were

equiring mechanical ventilation. We hoped to enroll 350
atients, but stopped recruiting when 18% of our target
umber was met. This poor accrual was the result of

able 5. Changes in Body Function and Activity Pulmonary F
VRS and BMC Arms Through 24 Months

FEV1 Liters

Mean {95% CI} (df

month 0.26 {0.05 to 047} (25
month 0.27 {0.02 to 0.51} (19

2 month 0.07 {�0.16 to 0.30} (18
4 month 0.06 {�0.14 to 0.27} (15
uality-adjusted valuea 0.22 {0.07 to 0.38} (24

With interpolation; Mean � adjusted mean post randomization scores
MC � best medical care; CI � confidence interval; df � degrees of free
olume reduction surgery.
everal factors. Economics, politics, shifts in patients’
erception, medical preference, and regional strategic
eeds all contributed to our failure to meet our goal and
re a subject of another paper. Similar trials have met
ith similar struggles. The National Emphysema Treat-
ent Trial (NETT) recruited 27% of their original target

1,200/4,500). Despite the fact that our study was under-
owered for its primary outcome, it was well-powered

or all other outcomes assessed.
The incremental cost effectiveness ratio of patients

andomized to lung volume reduction surgery in this
tudy was found to be $133,900/QALY gained. Based on
onventional cost-effectiveness threshold where $20,000/
ALY is within most healthcare budgets, treatments that

ost more than $100,000/QALY are considered to be
utside budget limits [25], LVRS would not be considered
cost-effective intervention. Nonetheless, society contin-
es to subscribe to other treatments with similar or
reater costs per QALY. The Harvard Center for Risk
ssessment reports several such treatments [26]. Lapa-

oscopic hernia repair costs $140,000/QALY gained when
ompared with open hernia repair. Lung transplantation
osts $137,000 to $294,000 per QALY gained when com-
ared with best care with no transplantation; radiologic

Fig 1. Health Utility Index (HUI3): Each
treatment group is illustrated by a line mark-
ing the average value of the HUI3 at each of
the assessment times of the study. The area
under the line represents the accumulated
value of the HUI3 for that treatment group.
The area between the two lines (groups) is
the difference between the two treatment arms
and is conceptually the quality-adjusted
value gained (or lost) over the 2-year study.
Closed circles represent the LVRS group; open
circles represent the medical group. (CI �
confidence interval; LVRS � lung volume
reduction surgery.)

ion and Six Minute Walk Test (MWT): Difference Between

6MWT Meters

p Mean {95% CI} (df) p

0.0172 29.36 {�20.85 to 79.58} (21) 0.2374
0.0329 58.02 {�1.08 to 117.12} (19) 0.0539
0.5439 �3.44 {�61.65 to 54.77} (17) 0.9021
0.5148 40.84 {36.68 to 118.37} (14) 0.2775
0.0065 93.76 {15.39 to 172.12} (22) 0.0210

adjusted mean baseline scores.
unct

)

)
)
)
)
)

minus
dom; FEV1 � forced expiratory volume in 1 second; LVRS � lung
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creening for foreign bodies before MRI costs $504,000/
ALY gained, autologous blood transfusion program

osts between $420,000 and $42,000,000/QALY gained.
Our results are consistent with findings of other small

andomized clinical trials, and the National Emphysema
reatment Trial (NETT) [1–10]. These studies suggest that

he clinical and physiologic improvements peak 6 to 12
onths after LVRS and are sustained for two years

efore an important decline in benefits is observed.
In the surgical arm of this study QOL measures im-

roved after LVRS; however, this small improvement did
ot always achieve MCID. When comparison is made
ith the medical group who continued to deteriorate,
owever, the benefit of LVRS was clearly seen easily
urpassing the MCID and achieving statistical signifi-
ance in most domains. Although LVRS offers some

able 6. Price Weights and Utilization for Selected Resources

Price Weig

nitial hospitalization
Number with LVRS surgery (%) $4,315/surg
Mean total length of stay
Mean ICU length of stay $1,446/day
Mean non-ICU length of stay $626/day

ollow-up (means)
Admissions
Days in hospital $626/day
GP visits $54/visit
ER visits $123/visit
Specialist visits Varies
Months on oxygen $383/month
Number of patients in rehab(%) $56/outpati

R � emergency room; GP � ICU � intensive care unit; LVRS �

able 7. Cost Per Patient by Treatment Group and Cost Effect

LVRS

ndex hospitalization
Surgery 4,6
Length of stay 28,9
Total index hospitalization 33,6

ollow-up
Hospitalizations 7,2
Rehabilitation 3,4
Oxygen 2,7
Medications (copd, antiinfectives) 1,1
Outpatienta 1,5
Total follow-up costs 16,1

otal costs 49,7
uality adjusted life years

ncrement cost-effectiveness Ratio: cost/QALY

Includes emergency room visits, nonprotocol specialist visits, nonproto
MC � best medical care; copd � chronic obstructive pulmonary disease;
ife years.
mprovements in QOL the major gain realized by the
urgical patient is that while both groups deteriorate over
he 2-year time horizon, the surgical group does so at a
evel persistently above the medical group.

Lung volume reduction surgery, in addition to best
edical care including pulmonary rehabilitation, pro-

ides meaningful physiologic changes that reduces a
atient’s dyspnea and improves quality of life. Lung
olume reduction surgery is feasible and is relatively
afe. The cost to provide LVRS is high but in keeping
ith other treatment modalities currently available.

he Canadian Institute of Health Research (CIHR), MT-14386,
unded the Canadian Lung Volume Reduction Surgery Study
rial.

Utilization

LVRS (n � 31) BMC (n � 28)

28 (90%) 0 (0)
31.1 0
11.3 0
19.8 0

0.8 1.6
10.3 17.2
8.0 6.9
1.1 3.0
5.6 5.9
7.26 10.33

16 (51%) 11 (39%)

volume reduction surgery.

ess

31) BMC (n � 28) Difference (LVRS-BMC)

0
0
0 33,622 (16,309; 50,935)

12,155
2,647
3,957
1,400
1,498

21,657 �5,503 (�19,812; 8,804)
21,657 28,119 (5,756, 22,362)

1.08 0.21 (�0.12, 0.53)
133,900 (26,000; undefined)

vestigations.
hts

ery

ent
iven

(n �

84
38
22

04
69
81
75
24
54
76
1.29

col in
LVRS � lung volume reduction surgery; QALY � quality-adjusted
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ISCUSSION
R MALCOLM M. DECAMP (Boston, MA): As you just heard,
mphysema is one of the leading causes of adult death in North
merica; just yesterday it claimed the life of Johnny Carson.
long with ischemic heart disease, stroke, and lung cancer,
mphysema is a major source of tobacco-related mortality and
orbidity and healthcare expenditure. In their manuscript, Dr
iller points out that 62 million Canadian dollars were spent on

he management of COPD (chronic obstructive pulmonary dis-
ase) in 1990, and those figures in the United States in the
id-1990s was estimated between $1 and $4 billion.
Unlike coronary artery disease and lung cancer, little new has

een published regarding effective treatment for emphysema.
he only therapy providing any documented survival advantage

or this disease was the use of, first, nocturnal and then contin-
ous ambulatory oxygen therapy, and these findings were
ublished almost three decades ago.
Reintroduced by Cooper in the early 90s, lung volume reduction

urgery has recently been validated as effective therapy for emphy-
ema, especially by the National Emphysema Treatment Trial. For
rials, an intervention for emphysema has been shown to improve
xercise capacity, quality of life and, in selected patients, survival.

Dr Miller and his colleagues should be congratulated for the
esign and execution of a multicenter prospective randomized

rial of lung volume reduction surgery versus best medical
herapy within the Canadian healthcare system. Five centers
articipated, though only four were clinically active.
There were several similarities with the NETT (National

mphysema Treatment) trial. Patients were similar with regard
o age and the severity of their emphysema. There was no
verall difference in survival in either study, but because of the
maller sample size in the Canadian study, no subsets could be
nalyzed. There was significant improvement in general and
espiratory-specific quality of life that persisted throughout
ollow-up in both studies, and overall, the incremental cost, as
ou just heard at the conclusion of the presentation, was about
34,000 Canadian dollars for quality-adjusted life year. That
gure for the overall group in the NETT trial was about $100,000,
ut again, because of the small sample size, they could not

iscern or perform any subset analysis.

http://www.hsph.harvard.edu/cearegistry/1976-2001_CEratios_comprehensive_4-7-2004.pdf
http://www.hsph.harvard.edu/cearegistry/1976-2001_CEratios_comprehensive_4-7-2004.pdf
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There were some important differences between this study
nd the NETT trial. There was statistically significant improve-
ent in respiratory function in this trial in FEV1 and six-minute
alk distance, but compared to the patient’s baseline, these
eteriorated in the first six to 12 months follow-up. Patient
ccrual of 62 patients represents only 5% of the 1,200 patients
ccrued in the NETT study, and accrual was only 18% of their
arget. The mean hospital length of stay was a little over one

onth, twice that seen in the NETT trial and the mean ICU
ength of stay in these patients was about 11 days; again, twice
hat ICU length of stay seen in the NETT trial.

I have four questions for the authors. First, your primary end
oint was quality-adjusted life years measured by the Health
tility Index. Unfortunately this outcome was not statistically
ifferent between treatment groups, yet you claimed that the
bserved difference was “clinically” important. How can you

ustify this concept of minimally clinically important difference
or such a diffuse measure as Health Utility Index?

Why was your accrual so poor? Over what time period did you
ecruit centers and patients, and did you exclude centers and
hy?
Third, you conclude that LVR is feasible in small surgical

olume centers, but I am not sure that your 6% to 10% operative
ortality and one-month hospital length of stay, 11 days in the

CU, supports this. Were there non-study LVR patients operated
n in these institutions during this study, and what is the
inimum center and surgeon volume and experience that you
hink is necessary to run an LVR program?
And finally, your analysis reports results as comparisons of
edicine versus surgery in terms of mean values relative to their

aseline. How do you account for the heterogeneity of response
ollowing surgery or even following pulmonary rehabilitation?

ould you continue to use the study inclusion and exclusion
riteria for selection of patients for lung volume reduction
urgery or would you modify these based on the heterogeneity
f response that you saw in your patients or in those reported by
ther authors?
I would like to thank you for the manuscript in advance and

he Society for the privilege of discussing this important paper.

R MILLER: Thank you, Dr DeCamp, for your kind comments.
he poor accrual I guess is a similar situation to all. I think the
ETT trial accrued about 22 or 27% of their predicted numbers

f 4,500, and this was 12%. So similar features, very complicated
tories of each one, and again, would be reported elsewhere.

I think you are right, the fact that it can be done by this trial in
mall centers in Canada does not necessarily mean that that’s a
ubscription for all small centers to start. We were highly
pecialized centers and had a run-in period with a larger volume
f experience before we started. So I think that it implies that it
an be done in small centers if they are highly qualified. I think
he differences in numbers and experiences are generally reflec-
ive in the two groups, the medical system in Canada and the
.S.

Thank you again.
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