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ABSTRACT: Lung volume reduction surgery (LVRS) has been proposed for patients
with severe emphysema to improve dyspnoea and pulmonary function. It is unknown,
however, whether prognosis and pulmonary function in these patients can be
improved compared to conservative treatment.

The effect of LVRS and conservative therapy were compared prospectively in 57
patients with emphysema, who fulfilled the standard criteria for LVRS. The patients
were divided into two groups according to their own decision. Patients in group 1
(n=29, eight females, mean�SEM 58.8�1.7 yrs, forced expiratory volume in one second
(FEV1) 27.6�1.3% of the predicted value) underwent LVRS. Patients in group 2
(n=28, five females, 58.5�1.8 yrs, FEV1 30.8�1.4% pred) preferred to postpone LVRS.
There were no significant differences in lung function between the two groups at
baseline; however, there was a tendency towards better functional status in the control
group. The control group had a better modified Medical Research Council (MMRC)
dyspnea score (3.1�0.15 versus 3.5�0.1, p<0.04).

Model-based comparisons were used to estimate the differences between the two
groups over 18 months. Significant improvements were observed in the LVRS group
compared to the control group in FEV1, total lung capacity (TLC), Residual volume
(RV), MMRC dyspnea score and 6-min walking distance on all follow up visits. The
estimated difference in FEV1 was 33% (95% confidence interval 13±58%; p>0.0001),
in TLC 12.9% (7.9±18.8%; p>0.0001), in RV 60.9% 32.6±89.2%; p>0.0001), in 6-min
walking distance 230 m (138±322 m; p<0.002) and in MMRC dyspnoea score 1.17
(0.79±1.55; p<0.0001).

In conclusion, lung volume reduction surgery is more effective than conservative
treatment for the improvement of dyspnoea, lung function and exercise capacity in
selected patients with severe emphysema.
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Emphysema is a progressive disease that ultimately
leads to disabling dyspnoea and exercise limitation with
substantial morbidity and reduced quality of life. Currently,
there is no effective therapy for the irreversible airflow
obstruction that results from the loss of elastic recoil with
hyperinflation except smoking cessation. Thus, despite
maximum conservative treatment, patients ultimately de-
velop progressive respiratory failure, in many instances
primarily related to the degree of hyperinflation of the lung.

Recently, lung volume reduction surgery (LVRS) has
been reintroduced as a surgical treatment option for
emphysema [1±4]. It reduces the overall lung volume by
multiple wedge excisions of the most diseased portions
of the lung. The exact physiological effect of LVRS has
not been investigated in full detail [5]. Possible bene-
fits of reduction of hyperinflation are restoration of the
elastic recoil of the lung [5, 6] and improvement in the
economics of the work of breathing [5, 7]. Marked
improvements dyspnoea, exercise ability and quality of
life have been reported [8±11]. However, it remains to be
shown whether the morbidity and mortality associated
with surgical treatment of emphysema are at least equal
or superior to optimal conservative treatment [12]. Fur-

thermore, the duration of improvement and the long-term
outcome after LVRS are unclear.

Patients with dyspnoea often limit their physical acti-
vity. This inactivity leads to progressive deconditioning
and can initiate a vicious cycle, with dyspnoea arising as
a result of continuously reduced physical demands. Mus-
cular rehabilitation has been documented as an effective
means of treatment of chronic obstructive pulmonary
disease (COPD) [13]. A number of investigations have
documented both improvements in exercise ability and
quality of life [14, 15]. Pulmonary rehabilitation is in-
creasingly being recognized as an important part of the
management of patients with COPD and has now been
accepted into routine clinical practice.

LVRS has been combined with rehabilitation in most
instances [16]. Critics of this surgical approach to em-
physema have argued that no data currently exist
comparing the relative effects of muscular rehabilitation
alone with LVRS.

The present study attempted to evaluate the relative
treatment effect of LVRS in a prospective clinical trial in
patients with end-stage pulmonary emphysema. This was
compared to standard conservative therapy.

Eur Respir J 2000; 16: 1043±1049
Printed in UK ± all rights reserved

Copyright #ERS Journals Ltd 2000
European Respiratory Journal

ISSN 0903-1936



Patients and methods

Over a 2-yr period (October 1995±October 1997), 90
patients with terminal obstructive lung disease were
assessed for potential LVRS. Of these, 57 fulfilled the
criteria for LVRS and were entered into the study.

The initial evaluation included pulmonary function tests
(body plethysmography and determination of the diffus-
ing capacity of the lung for carbon monoxide (DL,CO),
determination of 6-min walking distance and dyspnoea
score, echocardiography, right-heart catheterization and
coronary angiography. Radiological evaluation consisted
of chest radiography with posterior/anterior and lateral
views during inspiration and expiration. The distribution of
emphysema was assessed by ventilation perfusion scinti-
graphy and high-resolution computed tomography of the
lungs. In addition, three density masks were obtained at the
apices, bifurcation and bases of the lungs for identification
of target areas. [17].

During the initial inpatients stay medical therapy was
optimized with adjustments to theophylline and inhaled
b2-sympathomimetic and anticholinergic therapy and with-
drawal of oral steroids. Four patients were kept on a
maintenancedoseoforalsteroids(5mgprednisolone.day-1).

Inclusion criteria

The characteristics of the study patients are shown in
table 1. The following criteria were required for study
entry: dyspnoea at rest or with minimal exertion despite
maximal medical therapy (modified Medical Research
Council (MMRC) dyspnoea score of $3.0 on a 0±4
scale), total lung capacity (TLC) determined by body
plethysmography of $120% of the predicted value,
difference in TLC determined by body plethysmography
or the helium single-breath method of $1.5 L, residual
volume (RV) of >200% pred and smoking cessation for
$3 months.

Exclusion criteria

Patients who did not fulfill the inclusion criteria for
LVRS were excluded from the investigation. They were
also excluded if they had bullous disease (>20% of the
hemithorax), clinically dominant bronchiectasis or chronic
bronchitis, a mean pulmonary artery pressure of >35
mmHg, severe hypercapnia (arterial carbon dioxide tension
(Pa,CO2) $6.5 kPa) or malignancies.

Thirty-three patients were excluded due to the presence
of one or more exclusion criteria: chronic productive
bronchitis (n=22), hyperinflation with a TLC of <120%
pred (n=10), MMRC dyspnoea score of <3.0 (n=8),
bullous disease (n=4), severe hypercapnia (n=6), mean
pulmonary artery pressure >35 mmHg (n=1) or a
continued history of smoking (n=6).

Subjects

Fifty-seven consecutive patients (10 female) fulfilled
the inclusion criteria and gave informed consent for the
present investigation. The mean�SEM age was 59�0.41 yrs
(range 33±77 yrs). All patients suffered from severe dys-
pnoea despite maximal medical therapy with a an MMRC
dyspnoea score of 3.3�0.06.

The patients had severe airway obstruction, as docu-
mented by serial lung function tests with a forced
expiratory volume in one second (FEV1) of 0.848�0.029
L (29% pred). All patients showed severe hyperinflation
of the lungs with a TLC of 135�1.6% pred, an RV of
271�8.5% pred and an RV/TLC of 71�1.0%. All were
previous smokers. Seven patients also showed a1-
antitrypsin deficiency.

Study design

The 57 patients were studied prospectively. Many
patients came with the clear intention of undergoing
LVRS. Therefore, true randomization appeared psycho-
logically impossible to perform. Thus, following an initial
6-week rehabilitation period, all patients were advised to
undergo further rehabilitation alone or, if otherwise,
desired at least to postpone LVRS. On the basis of the
patients' decision two groups were formed. Patients in
group 1 (n=29) underwent LVRS after the initial reha-
bilitation protocol. The patients in group 2 (n=28) agreed
to be treated with standard treatment alone or postpone
LVRS by $12 months. All patients were followed using
pulmonary function testing and objective investigation of
exercise tolerance.

Surgical technique

The procedure was performed in most patients as a
bilateral procedure via a median sternotomy. Six patients
were approached unilaterally via a limited anterolateral
thoracotomy because of previous pleurodesis (n=2), pre-
vious thoracic surgery (n=2) or the distribution of emp-
hysema (n=2). All procedures were performed by two
surgeons under general anaesthesia. The resections were
performed using staples (Ethicon, Hamburg, Germany)
reinforced with bovine pericardium (Medtronic, DuÈssel-
dorf, Germany). The target areas were selected according
to preoperative diagnostic studies. During the procedure,
the surgeons judged the potential of the different regions
of the lung to absorb oxygen and develop atelectasis. Two
thoracic drains were placed in each hemithorax. According
to the extent of air leakage, no suction at all or mild suction
was applied.

Table 1. ± Clinical characteristics, dyspnoea score and
exercise data of lung volume reduction surgery (LVRS)
and control patients

LVRS Control p-value

Age yrs 58.8�1.7
(40±72)

58.5�1.8
(33±77)

Females/males n 8/21 5/23
a1-AT deficiency n 4 3
Oxygen supplementation* n 16 15
MMRC dyspnoea score 3.5�0.1 3.1�0.15 <0.04
6-min walking distance m 236�34 326�36 0.06

Data are presented as absolute values or mean�SEM with or
without range in parentheses. *: continuous or intermittent. a1:
a1-antitrypsin; MMRC: modified Medical Research Council.
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The patients were extubated as soon as possible after
completion of the procedure. All patients were treated with
a combined analgesic regimen. Rigorous pulmonary phy-
sical treatment was initiated immediately after extubation,
focusing on adequate clearance of bronchial secretions.

Pulmonary function tests

Pulmonary function testing included spirometry, body
plethysmography, determination of DL,CO and resting
room-air arterial blood gas analyses.

Pulmonary function studies were performed after
administration of an inhaled bronchodilator (400 mg
salbutamol).

Lung volumes were measured in a whole-body
plethysmograph (JaÈger Masterlab, WuÈrzburg, Germany).
Dyspnoea was assessed using the MMRC dyspnoea score
[18], by which shortness of breath is rated 0±4 according
to increase in symptom severity. The 6-min walking
distance was measured in all patients on a 70-m floor after
providing standard instructions [19]. Each patient was
asked to walk as far as possible in 6 min with rest periods
if necessary. No encouragement was given during the
test. All patients were familiar with the 6-min walking
test before study entry. Patients on continuous oxygen
therapy performed the walk with supplemental oxygen.

Pulmonary rehabilitation

All patients joined a pulmonary rehabilitation pro-
gramme during the inpatient stay for initial evaluation (2±6
weeks) with exercise training and education about medi-
cation, oxygen therapy and nutrition [20, 21]. For each
patient, an individualized training programme was set
up, including lower and upper extremity exercise con-
ditioning (walking, bicycle training and weight lifting),
breathing retraining and bronchial hygiene instruction.
Patients were encouraged to continue the exercise
programme at home.

Clinical follow-up

After completion of the initial 6-week rehabilitation
phase measurements were performed in all patients. These
measurements were taken as baseline for both treatment
groups. Surgery was performed within 5 days after base-
line measurement. Patients were followed every 3 months
for 18 months. The first control visit occurred 4±6 weeks
after LVRS, the same follow-up protocol was used
throughout the study.

Outcome parameters included FEV1 as the primary
outcome measure. The secondary outcome measures were
lung volumes, MMRC dyspnea score, 6-min walking
distance and blood gas analysis results.

Statistical analysis

All data are presented as mean�SEM or 95% confidence
interval. A paired t-test was used to determine differences
in lung function parameters, 6-min walking distance and

MMRC dyspnoea score between baseline and each follow-
up period in the control and LVRS groups. A p-value of
<0.05 was considered significant.

For comparison between the control and LVRS group,
general linear mixed models were fitted for estimation of
treatment effects in order to account for structural inho-
mogeneity at baseline as well as for missing observa-
tions during follow-up. Linear mixed models are a type
of multiple linear regression model that allow for time
dependency and missing observations during follow-up
[22]. One type of model assumes a constant treatment
effect over time, i.e. constant mean differences between
the LVRS and control groups with respect to outcome
variables. Another type of model allows for different
treatment effects at each of the fixed follow-up time
points. The same group of baseline variables was used in
all fitted models.

The analysis was performed using SAS software (SAS
Institute, Cary, NC, USA). Within each model, tests and
confidence intervals for treatment effects are based on t-
and F-tests with approximated degrees of freedom, the t-
test for estimation of the constant treatment effect and
the F-test with five numerator degrees of freedom for
testing constancy of treatment effect with time.

Results

Patient characteristics

There was no significant difference with regard to age,
sex, lung volumes, expiratory flow rates, resting alveolar
gas exchange or use of supplemental oxygen between the
two groups (tables 1 and 2). However, there was ten-
dency towards a better functional status in the control
group at baseline. The control group had a better MMRC
dyspnoea score (3.1�0.15 versus 3.5�0.1 (mean�SEM),
p<0.04) than the LVRS group.

Every living patient was followed up for >6 months.
No patients were lost to follow-up, although some

Table 2. ± Preoperative lung function and gas exchange

LVRS Control p-value

FEV1 L 0.80�0.04 0.895�0.04 NS

% pred 27.6�1.3 30.8�1.4 0.085
TLC 8.52�0.26 8.33�0.28 NS

% pred 137�2.5 133�2.1 NS

RV 6.2�0.25 5.8�0.26 NS

% pred 286�10.5 263�10 NS

FVC 2.29�0.12 2.7�0.2 NS

% pred 60�3.1 67�3.9 NS

MIP kPa 4.86�0.44 5.5�0.42 NS

Pa,O2 kPa 8.7�0.3 8.6�0.3 NS

Pa,CO2 kPa 5.4�0.2 5.41�0.144 NS

DL,CO % pred 42�3.2 43�4.6 NS

LVRS: lung volume reduction surgery; FEV1: forced expiratory
volume in one second; TLC: total lung capacity; RV: residual
volume; FVC: forced vital capacity; MIP: maximal inspiratory
mouth pressure; Pa,O2: arterial oxygen tension; Pa,CO2: arterial
carbon dioxide tension; DL,CO: diffusing capacity of the lung for
carbon monoxide; % pred: percentage of the predicted value; NS:
nonsignificant.
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tended to stretch the intervals between follow-up visits,
such that not every patient was seen at every follow-up
visit.

After 18 months, five control patients underwent LVRS.
Their postoperative data are not included in the results.

Mortality

There was no early perioperative mortality (<30 days).
One patient had to be reintubated 3 days after LVRS and
died, after an 8-month inpatients stay, from respiratory
failure due to pneumonia. Fatal events in the LVRS and
control groups are summarized in table 3.

Lung volume reduction surgery versus conservative
treatment

After LVRS, there was a significant improvement in
FEV1 at each follow-up visit (p<0.04) (fig. 1).

Comparison of LVRS and control patients showed a
significant effect of lung volume reduction surgery on
FEV1 (p<0.001). The baseline FEV1 of the control patients
was higher than that of the LVRS patients. Nevertheless,
after LVRS the FEV1 increased markedly in the surgical
group compared with control patients (fig. 1).

Since not every patient was seen at every follow-up
visit, a comparison of unadjusted data does not permit
comment on the duration of the treatment effect. Therefore,
a model based comparison using a general linear mixed
model-including baseline log FEV1 was used. This ana-
lysis showed that the maximal increase in FEV1 was
reached within the first 4±6 weeks, with a mean�SEM

FEV1 increase of 0.2690.047 L (p<0.001) (fig. 2).
The mean increase in FEV1 was 28%; however, there

was large interindividual variation (range -31±69%). Fifty
percent of patients showed an improvement in FEV1 of
$31%. After the first visit, a linear decrease in FEV1 of
0.115�0.03 L.yr-1 could be observed (fig. 2).

The rate of decrease was almost the same as that in
the control group. The estimated difference between
treatments was 33% (13±58%) with significant effects of
treatment at all follow-up visits (p< 0. 01) (fig. 2, table 4).

Hyperinflation, measured by TLC and RV, was reduced
significantly by LVRS (p<0.001). There were significant
differences between the LVRS and control group at all
follow-up visits (p<0.02), with an estimated difference

between treatments in TLC of 12.9% (7.9±18.8%) and in
RV of 60.9% (32.6±89.2%) (p=0.0001) (table 4).

Maximal decrease was obtained within the first 4±6
weeks with a mean decrease in TLC of 22.1% and in
RV of 80.4%. Thereafter, a linear increase in TLC of
5.19�2.04%.yr-1 (p=0.013) and in RV of 17.7�6.5%.yr-1

(p<0.01) were noted.
A significant effect of treatment on dyspnoea measured

by MMRC dyspnoea score was observed (p<0.002) (fig.
3). Although the control group had a significantly better
baseline dyspnoea score than the LVRS group (3.1 versus
3.5, p<0.02), lower dyspnoea scores were observed at all
follow-up visits in the LVRS group (p<0.01).

There was a significant effect of surgery on 6-min
walking distance compared to conservative treatment
(p<0.003). Although the baseline 6-min walking distance
of the LVRS group was lower, marked improvement was
observed at all follow-up visits compared to the control
group (fig. 4), with an estimated difference between
treatments of 230 m (138±322 m) (p<0.002) (table 4).

Table 3. ± Mortality in the lung volume reduction surgery
and control groups

Patient
No.

Age
yrs

Survival
months

Cause of death

Lung volume reduction surgery
12 43 21 Colon perforation, respiratory failure
19 69 14 Respiratory failure
22 55 8 Pneumonia
23 57 12 Sepsis after lung transplantation
Control
6 61 29 Oesophageal carcinoma
11 51 24 Respiratory failure
14 55 6 Pneumonia
20 62 3 Cardiac arrest
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and 18 months: 13/13. % pred: percentage of the predicted value.
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No significant effect of surgery was found on DL,CO,
arterial oxygen tension or Pa,CO2, although there was a
tendency towards better values in the LVRS group.

There was no significant influence of time on the
treatment differences between the LVRS and control group
for all calculated parameters (table 4).

Conservative treatment

In the control group, no significant changes were
observed in MMRC dyspnoea score or 6-min walking
distance during 18 months of conservative treatment,
whereas deterioration could be observed in FEV1, TLC
and RV within the study period. There was a decrease in
FEV1 of 115�0.03 mL.yr-1 (p=0.0001) with an increase in
TLC of 3.8�2.04%.yr-1 (p=0.033) and in RV of 12.9�
5.6%.yr-1 (p<0.01).

Estimation of time gained by lung volume reduction
surgery

Log10 FEV1 (% pred) increased by 0.1086�0.0179 from
baseline to the first postoperative visit. The decrease
thereafter was 0.00497�0.00133%.month-1 until the 18-
month visit. This corresponds to a time gain of 21.9

(0.1086/0.00497) months until baseline FEV1 are reached
again (fig. 2).

Discussion

In the present study, LVRS patients exhibited markedly
better functional status at follow-up than control patients
despite worse baseline values. Significant improvement in
pulmonary function was found in the LVRS patients. This
included improvement in expired volumes (FEV1 and
FVC) as well as decreases in static volumes (TLC and RV),
and improved exercise capacity and dyspnoea.

No changes in dyspnoea and 6-min walking distance
with minor changes in TLC and RV were observed in
control patients under optimal conservative treatment
within 1.5 yrs despite decline in FEV1 of 115 mL.yr-1.
During this time, more clinical deterioration would have
been expected in this group of severely disabled patients
[23, 24]. The relatively stable course of the control
patients might be due to effects of continuing physical
training and motivation by the option of LVRS. Since
both groups received the same conservative treatment,
LVRS was shown to have a significant additional effect
on lung function and exercise capacity compared to
conservative therapy.

In the present patients, the mean improvements in FEV1

of 28% were less dramatic than those reported by most
groups [10, 25±27], whereas similar reductions in lung
hyperinflation and decreases in dyspnoea score with rela-
tively high increases in 6-min walking distance were found
compared to the results of other groups [1, 10, 27]. Patient
selection and analysis of data might explain these dif-
ferences [27, 28]. The present patients had mostly homo-
geneous emphysema, whereas, in other groups, patients
with bullous disease were included [29]. Analysis of data
was performed at scheduled time points in the present
study; other groups may have compared preoperative
lung function with best postoperative values. Thus LVRS
in the present patients resulted in moderate improvement
in FEV1 with marked increases in exercise tolerance and
improvement of dyspnoea.

Table 4. ± Size of treatment effect adjusted for baseline
variables

Size of effect* p-value

FEV1 % 33 (13±58) 0.0001
6-min walking distance m 230 (138±322) 0.0015
MMRC dyspnoea score -1.17 (-0.79± -1.55) 0.0001
TLC % pred -12.9 (-17.8± -7.9) 0.0001
RV % 60.9 (-89.2± -32.6) 0.0001

Data are presented with 95% confidence intervals in parenth-
eses. *: difference from control group; FEV1: forced expiratory
volume in one second; MMRC: modified Medical Research
Council; TLC: total lung capacity; RV: residual volume; % pred:
percentage of the predicted value.
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Fig. 3. ± Unadjusted time course of modified Medical Research Council
(MMRC) dyspnoea score lung volume reduction surgery (LVRS, u) and
control group (h). Data are presented as mean�SEM. Number of patients
(LVRS/control): 0 months: 29/28; 1 month: 25/0; 3 months: 21/19; 6
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Fig. 4. ± Unadjusted time course of 6-min walking distance in the lung
volume reduction surgery (LVRS, u) and control group (h). Data are
presented as mean�SEM. Number of patients (LVRS/control): 0 months:
29/28; 1 month: 25/0; 3 months: 21/19; 6 months: 18/17; 9 months: 13/
15; 12 months: 16/18; 15 months: 8/10; and 18 months: 13/13.
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A number of studies have been published supporting
the assumption of COOPER et al. [10] that LVRS offers
benefits not achievable by optimal conservative treatment
for highly selected patients with severe emphysema.
Additionally, the results of these studies have been
evaluated in recent reviews [11, 27], indicating that sig-
nificant short-term benefits occurred across a range of
outcomes which appeared to continue into the longer
term. However, data comparing LVRS to optimal con-
servative treatment will be lacking [11] until the results
of the ongoing National Emphysema Treatment Trial
(NETT) [30] are available. A retrospective study has been
published comparing 22 LVRS candidates denied opera-
tion because of withdrawal of Medicare funding with 65
LVRS recipients [31]. Similar to the present results, those
patients denied operation experienced progressive wor-
sening of spirometric results, whereas LVRS patients
experienced sustained improvements. Three-year survival
was 82% for the surgical group and 64% for the medical
group. In a prospective study, 37 patients were rando-
mized after 8 weeks of rehabilitation, to either LVRS or
a further 3 months of rehabilitation [32]. It was shown
that LVRS, in addition to rehabilitation, improved lung
function, gas exchange and quality of life compared with
pulmonary rehabilitation alone, 3 months after LVRS. A
recent randomized study compared surgery to continued
medical treatment in 48 patients [33]. FEV1, shuttle
walking distance and quality of life were improved in
the LVRS group and decreased in the medical group at
6 and 12 months of follow-up. However, there was a
relatively high rate of inpatient death; four of 24 patients
died within the first 3 months after surgery.

To the authors' knowledge, the present study is the first
prospective investigation with a follow-up of >1 yr
comparing LVRS to conservative treatment in patients
fullfilling the inclusion criteria for LVRS. There are,
however, several limitations to the present study. One
crucial point is the study design, which was prospective
but not randomized. Due to enthusiastic reports of LVRS
in the lay press, many patients came with the clear
intention of being treated i.e. of undergoing LVRS. In a
number of patients, it was impossible to withhold surgery
in the face of a strong patient decision and not to have
the patient turn to another centre to undergo surgery.
Therefore, in order to generate a control group, it was
proposed that all patients postpone their surgery, and
leaving the ultimate decision to the patient. A bias thus
cannot be excluded, since patients with more pronounced
symptoms may have had a stronger preference towards
LVRS. The sicker patients tended to decide on immediate
operation. Nevertheless, their functional status was better
during the following 18 months than that of the control
group, confirming the efficacy of surgical treatment.

A second limitation of the present study is the number
of patients. It is very difficult to achieve follow-up at
regular repeated intervals in this group of patients [34]. It
was not easy to motivate patients to come for follow-up
visits over long distances, if no subjective changes had
occurred, although great care was taken to keep in contact
with patients, at least by telephone, thus not every patient
was seen at every follow-up date. This problem is mainly
responsible for the variations seen in figures 1, 3 and 4. A
model-based comparison using a general linear mixed
model adjusted for baseline values (fig. 2, table 4) was

utilized to account for heterogenity in baseline variables
as well as for missing values during follow-up. The
results indicate that the treatment effect was constant
throughout the observation period.

Owing to sample size, the present data do not allow an
assessment of the influence of LVRS on mortality in
emphysema patients. Larger studies are necessary in order
to demonstrate whether the prognosis can be improved by
LVRS, especially with regard to perioperative mortality.
Operative mortality rates have been reported as 0±8%, with
higher rates in the most severely affected patients [12, 33].
It has been shown that there is a correlation between the
magnitude of short-term improvement in FEV1 and the
rate of deterioration, with more rapid decline in FEV1 in
those patients with the best initial improvement [34].
However, in the present patients, the annual decrease in
FEV1 seemed not to be not altered by LVRS, with an
identical rate of decline in FEV1 in the surgical and
medical treatment groups. The same observation was
made in a recent randomized trial, with a yearly decrease
in FEV1 of 100 mL, irrespective of surgical or medical
treatment [33].

There was large interindividual variability in the
response to LVRS. The majority of the present patients
showed a >20% improvement in FEV1. However, several
patients without improvement in FEV1 (<15%) reported
marked improvement in functional capacity.

Patient selection for LVRS is difficult despite clearly
formulated inclusion and exclusion criteria [35±38]. The
predictability of objective and subjective postoperative
results remains poor, since no good selection criteria are
available to data to distinguish between those patients
who will benefit from LVRS and those who will not.

The relatively stable course of the control patients
deserves further consideration since it is unclear to data for
how long the effect of LVRS can be maintained and which
patients will respond best. Therefore, the optimal time
point for LVRS remains to be determined. The choice
between continuing pulmonary rehabilitation and immedi-
ate LVRS is difficult. In the standard treatment group, the
possibility of deterioration of disease along with increasing
perioperative risks due to delayed LVRS should be con-
sidered. Conversely the duration and degree of improve-
ment after immediate LVRS cannot be predicted for
individual patients. The best timing of LVRS is an
individual decision that should be guided by the clinical
course and response to intensive pulmonary rehabilitation.

In summary, it was found that lung volume reduction
surgery was superior to conservative therapy in the present
patients. Since these data were obtained from a non-
randomized study, bias cannot be excluded. However, the
present study indicates that lung volume reduction surgery
may be more effective than conservative treatment in
improving dyspnoea, lung function and exercise capacity
in patients with severe emphysema.
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