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ABSTRACT: Surgical lung volume reduction can improve exercise performance and forced

expiratory volume in one second in patients with emphysema. However, the procedure is

associated with a 5% mortality rate and a nonresponse rate of ,25%. Accordingly, interest has

focused on alternative ways of reducing lung volume. Two principle approaches are used:

collapse of the diseased area using blockers placed endobronchially and the creation of

extrapulmonary pathways. Preliminary data from the former approach suggest that it can be

successful and that the magnitude of success is related to reduction in dynamic hyperinflation.
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T
he reintroduction in the mid-1990s of the
surgical method originally conceived by
BRANTIGAN et al. [1], lung volume reduc-

tion, showed that under certain circumstances
this treatment could improve the forced expira-
tory volume in one second (FEV1), indices of
resting hyperinflation and quality of life [2].

However, three factors taken together have
meant that lung volume reduction surgery
(LVRS) has been useful in only a minority of
patients. A significant proportion of patients,
between one-quarter and one-third, fail to derive
significant benefit from the procedure. This in
itself might not matter if it were not for the
second problem, which is that in large series, the
mortality rate has been o4–5% [2–4]. While this
risk might be acceptable if success were guaran-
teed, it is less appealing if it is not. Finally, in
order to reduce mortality and morbidity, most
groups impose safety criteria so that patients who
are too disabled are not eligible for LVRS. Thus,
in the present authors’ centre, for example, patients
must have a transfer factor of the lung for carbon
monoxide (TL,CO) .30% predicted and a shuttle
walk distance .150 m. The effect of this was an
acceptance rate for LVRS in the study by GEDDES

et al. [3] of just 28%; this figure is especially
sobering if one recalls that in UK practice, the
pool of patients assessed was largely drawn
from patients who had already been screened
and thought to be potentially suitable by chest
physicians in hospital practice.

These factors suggest a need for a treatment that
is either more likely to be effective or, alternatively,
less dangerous and/or reversible. Two principle
approaches have been described as follows. 1) An
endobronchial blocker or valve is positioned with
the aim of achieving distal collapse. 2) An extra-
pulmonary pathway is created, which allows

increased expiratory flow from the lung. The latter
concept was originally proposed in 1978 by
MACKLEM [5] but has not so far been tested in vivo;
thus, the possible effects on dynamic or resting
hyperinflation remain unknown. Data from
explanted lungs suggest that the approach could
be successful if the technical problems could be
overcome [6].

There is more information in the public domain
regarding the first of the two listed approaches.
SABANATHAN et al. [7] suggested endobronchial
blockade as an alternative approach. Sadly, S.
Sabanathan, who appreciated these issues, died
whilst developing the concept; however, preli-
minary data from procedures performed be-
tween November 1996 and April 1997 were
published posthumously and showed that sig-
nificant improvement was possible using this
approach. However, the blockers initially used
were not designed for endobronchial occlusion
and later patients in the series had devices
inserted that were custom built in the hospital
in which S. Sabanathan practiced (Bradford Royal
Infirmary, Bradford, UK). Significant problems
were observed with migration of the first type of
blockers and, in the case of the custom-built
devices, one episode of blocker disintegration
occurred. No estimate of dynamic hyperinflation
(DH) was reported in this series and static lung
volumes were measured using helium dilution
techniques alone.

Biotechnology companies have now taken up the
challenge and two devices are commercially avail-
able. The Emphasys system (Emphasys Medical,
Inc., Redwood City, CA, USA) uses a one-way
duckbill valve, which is inserted in such a way that
air is permitted to leave the subtended segment but
not enter it. The valve is secured and supported by
a collapsible metal framework. The initial valves
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(fig. 1a) were inserted over a guidewire, but later models (fig. 1b)
can be inserted through the working channel of a fibreoptic
bronchoscope. Five human studies have been reported with the
valve [8–12] The Spiration (Spiration, Inc., Redmond, WA, USA)
device is an umbrella-shaped instrument, arranged so that the
convex surface is positioned distally, with the aim, again, of
allowing expiratory but not inspiratory flow (fig. 2); to the best of
the present authors’ knowledge, no human data has as yet been
reported from this device.

DATA CONCERNING HYPERINFLATION AND
ENDOBRONCHIAL LUNG VOLUME REDUCTION
One problem when assessing the effect of an intervention on
DH is that direct measurement of DH requires time and
expertise; it is therefore often omitted. Nevertheless, a relation-
ship exists between measures of resting hyperinflation and
DH; of these, the best predictor is inspiratory capacity (IC; total
lung capacity (TLC) minus end-expiratory lung volume
(EELV)) [13]. In static measurements, therefore, improvement
in plethysmographic lung volume is likely to indicate an

improvement in DH, even where this has not been specifically
measured.

EXPERIENCE WITH ENDOBRONCHIAL THERAPY
TOMA et al. [12] were the first to report on the use of the
Emphasys valve for bronchoscopic lung volume reduction
(BLVR). Data from eight patients were presented. Despite the
small sample size, a statistically significant improvement in
FEV1 was observed, with an increase from 0.79 L (range 0.61–
1.07) to 1.06 L (0.75–1.22; difference 34%, p50.028). DH was
not measured but a nonsignificant improvement in indices of
resting hyperinflation as judged by whole body plethysmo-
graphy was noted.

SNELL et al. [8] completed their study before the present authors,
and it was also published in 2003. SNELL et al. [8] used an earlier
version of the valve illustrated in figure 1a and aimed to
achieve bilateral lung volume reduction, whereas the present
authors aimed to achieve unilateral treatment. No improve-
ment was observed in any parameter except TL,CO, although
SNELL et al. [8] also found valve insertion to be safe and well
tolerated. DH was not measured but since no change was

FIGURE 1. Emphasys (Emphasys Medical, Inc., Redwood City, CA, USA)

endobronchial valves. a) Initial Emphasys endobronchial valve; b) modified

Emphasys endobronchial valve, suitable for transcopic insertion.

FIGURE 2. a) The Spiration (Spiration, Inc., Redmond, WA, USA) device. b)

The device is arranged so that the convex surface is positioned distally, with the aim

of allowing expiratory but not inspiratory flow.
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observed in static lung volumes it seems unlikely that signifi-
cant improvement in DH occurred.

YIM et al. [9] reported 20 patients who had undergone either
unilateral (n512) or bilateral valve insertion, mostly but not

exclusively in their upper lobes. There was a significant
improvement in FEV1 from 0.73 to 0.92 L at 3 months
(p50.009), but trends towards improvement in gas transfer
and plethysmographic lung volumes failed to achieve statis-
tical significance. DH was not measured in the study by YIM

et al. [9].

VENUTA et al. [10] studied 13 patients undergoing unilateral or
(n52) bilateral BLVR, mostly but not exclusively in the upper
lobes. There was a significant improvement in FEV1 from 0.75
to 1.00 L at 3 months (p50.01). In addition, significant falls
were observed in plethysmographic lung volumes and mean
TL,CO rose from 33% pred to 50% pred. Again, DH was not
measured in this study.

The present authors recently reported the only study of BLVR
in which DH was directly measured [11]. The study observed
19 patients who were treated with unilateral endobronchial
valve insertion; key measurements were made for 4 weeks
following the procedure. As in previous studies, a statistically
significant improvement in mean FEV1 (28 to 31% pred,
p,0.05) and in mean TL,CO (36 to 41% pred, p50.016) was
observed. A statistically significant improvement in TLC and
FRC was observed, though this failed to reach significance in
the case of residual volume. Although lobar atelectasis
occurred in some cases (fig. 3), it was in a minority of subjects.

DH was assessed during a constant rate cycle endurance test
performed at 80% of maximal work rate, as determined by a
pre-procedure incremental test. The IC method was used,
which assumes that TLC is fixed; briefly, IC manoeuvres were
performed every minute to assess changes in EELV. Both peak
and isotime values were compared, isotime being defined as
the final 30-s period achieved on the shorter of the two tests. In
a previous study [11], the present authors observed a mean
reduction in EELV from 7.60¡1.6 to 7.18¡1.7 L (p50.03) and
at isotime from 7.47¡1.5 to 6.97¡1.7 L (p50.05). However,
examination of the individual data (fig. 4) shows that there
was variation in the change in IC observed. Changes in IC
showed a strong correlation with indices of neuromechanical
coupling (fig. 5).

A priori, the present authors divided patients into improvers
and nonimprovers. Improvers were defined as patients who
were able to show an increase of both 60 s and 30% in
endurance time on the constant rate cycle endurance test. Nine
out of 19 patients (47%) met this criterion. In stepwise
regression analysis, only change in resting IC and DTL,CO

were retained as independent predictors, producing an
equation that explained 81% of the variation in endurance
time (p,0.0001). If patients with atelectasis were excluded,
again only the same two variables were retained in the model
(r250.61; p50.002). Taken together, the present authors believe
that these data confer the following messages. 1) Endo-
bronchial lung volume reduction works in some patients
and is at least as safe as surgical LVRS, probably safer. 2)
Atelectasis after the procedure increases the likelihood of a
successful outcome, but its absence does not preclude one.
3) The key physiological mechanisms seem to be reduction in DH
and improvement in ventilation/perfusion ratio matching.

As an aside, it is interesting to note that no increase in
endurance time was observed in patients who reported

FIGURE 3. Computed tomography before (a and c) and after (b and d)

placement of endobronchial valves to the right upper lobe. Post-procedure

atelectasis is shown with movement of the fissure (–––––– on the coronal

reconstruction). Image courtesy of T. Toma and D.A. Hansell (both at the Dept of

Medicine and Radiology, Royal Brompton Hospital, London, UK).
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exercise limitation due to leg discomfort either alone or with
dyspnoea (n56), whereas a mean increase of 129 s was
observed in patients limited by dyspnoea alone; this may
prove to be a useful selection criteria in future trials.

FUTURE DIRECTIONS
Although FEV1 will continue to be measured in trials of BLVR,
it may not, as is the case with pharmacological interventions,
be the most sensitive index. It would be worth attempting to
detect which patients derive the most benefit from the
procedure, although to some extent this would become less
important if the pricing strategy of manufacturers were such
that the valve could be simply removed (both devices are
designed to be easy to remove within 24–48 h of insertion) and
discarded if ineffective. In trying to predict patients who will
have the greatest benefit, the following points seem likely.

1) There is a greater chance of benefit if there is significant
dynamic hyperinflation pre-procedure. Therefore, one strategy
could be to perform an incremental exercise test as part of the
work up, with measurement of the Borg breathlessness and leg
fatigue score [15]. Based on the present authors’ data, the
procedure would not be offered to a patient whose primary
complaint was leg discomfort.

2) The likelihood of reducing dynamic hyperinflation is
conceivably diminished if air can enter the target lobe through
other channels; this phenomenon is termed collateral ventila-
tion. Two techniques are available for in vivo measurement of
collateral ventilation [16, 17] and the utility of this variable as a
prognostic indicator deserves fuller evaluation.

Given that the technique works in some patients and is
relatively safe, it seems inevitable that more patients will be
referred for bronchoscopic lung volume reduction in the future
and it is likely that advanced physiological techniques will
play an increasing role in patient selection.
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