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ABSTRACT: Lung volume reduction surgery (LVRS) is performed to alleviate
dyspnoea of selected patients with severe pulmonary emphysema and to improve
their pulmonary function, performance in daily activity and quality of life. By
resection of destroyed lung areas the achievable improvements in function may
consist of: 1) a reduction in hyperinflation resulting in amelioration of diaphragm
and chest wall mechanics; 2) an increase of elastic recoil pressure, thereby aug-
menting expiratory flow rates; and 3) possibly an improvement in gas exchange.
Meticulous selection of suitable patients, refinements in operative techniques,
anaesthesiological and postoperative management has lowered perioperative mor-
tality to less than 5% in groups who are experienced with this type of procedure.
The best functional results are achieved by bilateral resection, which can either
be performed by median sternotomy or by video-assisted thoracoscopy (VAT). The
average increase in forced expiratory volume in one second (FEV1), obtained by
bilateral resection in patients already receiving optimal medical therapy ranges
32-93%, and the reduction in hyperinflation, assessed by a decrease in total lung
capacity ranges 15-20%. These favourable improvements have been reported to
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last in most of the patients for at least one year.
Eur Respir J., 1997, 10: 208-218.

Chronic obstructive pulmonary disease (COPD) is a
major cause of morbidity and mortality. In the European
Union, COPD, asthma and pneumonia are the third most
common cause of death. In North America, COPD is
the fourth most common cause of death, and mortality
rates and prevalence are increasing [1].

COPD is characterized by reduced maximum expira-
tory flow, which does not markedly change over sev-
eral months [2]. The airflow limitation is due to varying
combinations of airways disease and emphysema. Pul-
monary emphysema is defined anatomically by perma-
nent destructive enlargement of airspaces distal to the
terminal bronchioles without obvious fibrosis [3]. Pati-
ents with the most severe type of COPD usually pre-
sent with a considerable degree of emphysema, which
is suspected when total lung capacity (TLC) is elevat-
ed, the ratio of residual volume (RV) to total lung capac-
ity (RV/TLC) is increased and the single-breath carbon
monoxide transfer factor (T1,co) is reduced. An increase
in static pulmonary compliance, a decrease in lung re-
coil pressure at a given lung volume and a change in
the shape of the static pressure volume curve are also
characteristic of pulmonary emphysema. However, such
measurements are rarely performed in clinical practice.
The presence of emphysema of moderate to severe degree
can be appraised on a plain posteroanterior and lateral
chest radiograph and is reliably assessed by high reso-
lution computed tomography (HRCT).

Major pathophysiological consequences of emphy-
sema can be attributed to a loss of elastic recoil, and
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consist of static and dynamic hyperinflation as well as
a preferential obstruction of expiratory airflow due to a
loss of traction on the airways, which leads to intrinsic
positive end-expiratory pressure (PEEP) and increased
work of breathing [4]. The main symptom of patients
with very advanced emphysema is shortness of breath
during minimal physical activity. This is mainly a con-
sequence of impaired pulmonary mechanics.

COPD is often diagnosed late in its course, because
patients may lack symptoms, even at a low forced ex-
piratory volume in one second (FEV1). The only inter-
vention documented to reduce the rapid decline in FEV1
is cessation of smoking [5] and the sole treatment proved
to prolong life is the long-term use of continuous home
oxygen [6, 7]. In patients with very advanced disease,
other therapeutic interventions such as inhalation of beta-
adrenergics and anticholinergics may ameliorate symp-
toms and therefore improve quality of life, but have only
minor effects on pulmonary function tests. On the other
hand pulmonary rehabilitation does not alter pulmonary
function but can improve exercise performance [8, 9].
Until recently lung transplantation remained the only
effective method to improve symptoms and performance
in patients with advanced nonbullous emphysema. Lung
volume reduction surgery (LVRS) has become a novel
palliative procedure for a subgroup of patients with
advanced emphysema. Several groups worldwide are
currently investigating the selection criteria, the optimal
surgical treatment, physiological changes and long term
effects of this intervention.
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History of emphysema surgery

Numerous procedures were developed for the relief
of dyspnoea or other symptoms of COPD. Such opera-
tions included costochondrectomy, thoracoplasty and
phrenicectomy, stabilization of the membranous trachea,
glomectomy, lung denervation etc. [10]. Most of these
interventions attempted to treat the wrong physiological
or anatomical deficit with the consequence that mid- or
long-term results were unpredictable or even disastrous.

REIcH [11], in Vienna in 1924, was the first to study
the effect of pneumoperitoneum on the ventilation of
patients with emphysema. In 1950 GAeNsLErR and co-
workers [12, 13] investigated the functional effects of
pneumoperitoneum in a more systematic way. Their first
three patients had received pneumoperitoneum for the
treatment of active tuberculosis and were observed to
be less short of breath when pneumoperitoneum was
induced, and became severely dyspnoeic when it was
omitted. These patients had marked pulmonary emphy-
sema due to shrinking fibrosis secondary to tuberculo-
sis. Gaensler's group [13] subsequently investigated the
effect of pneumoperitoneum in patients suffering from
emphysema not associated with tuberculosis. The most
impressive change observed was an increased tussive
force and more than half of the patients reported an
improvement of dyspnoea. Mean vital capacity increased
from 2000 to 2350 mL, mean residual volume, measured
by the nitrogen dilution technique, decreased from 2.6
to 2.0 L, and the maximum breathing capacity improved
from a mean of 29 L-min'! before to 37 L-min’! after
treatment. We estimate that the FEV1, which was not
measured at that time, had increased from approximately
800 mL to about 1 L. Diaphragmatic excursion was
assessed by fluoroscopy and was seen to improve in
most of the patients examined. The authors considered
the beneficial effect of pneumoperitoneum to be mainly
due to the restoration of the physiological dome of the
diaphragm, and hence a more efficient contraction of
this muscle.

As early as 1950 in Baltimore, BRANTIGAN and co-
workers [14], started to operate on patients who were
severely impaired due to bilateral diffuse and bullous
emphysema. They reasoned that in patients with dis-
tended lungs due to severe emphysema, the normal out-
ward circumferential pull on the bronchioles had been
lost, causing them to collapse during expiration. It was
suggested that reducing overall lung volume would re-
store the outward elastic traction on the small airways
and reduce expiratory airway obstruction. Multiple lung
resections and plications were performed through a stan-
dard thoracotomy. Of 89 evaluated patients 56 under-
went the operation, and 14 were operated on both sides.
Results from the first 33 patients were published in 1957
[14] and from a further 56 patients in 1961 [15, 16].
Significant clinical improvement was claimed by 75%
of the patients, and this improvement persisted in some
for more than five years [16]. However, as the rate of
early mortality was 16%, and little objective data were
reported to substantiate claims of subjective improve-
ment, Brantigan's procedure never gained widespread
acceptance.

In 1993 Cooper and co-workers [17] resumed Brantigan's
approach and performed bilateral lung volume reduction

in patients with grossly hyperinflated lungs suffering from
severe diffuse pulmonary emphysema. They used medi-
an sternotomy as a surgical approach. Based on observ-
ations made in patients undergoing lung transplantation
for severe pulmonary emphysema and previous experi-
ence in bilateral resection of emphysematous bullae by
median sternotomy [18], Cooper and co-workers [17] sup-
posed, that in certain patients Brantigan's principles might
apply. They assumed, that reduction of the lung volumes
would allow the restoration of a normal chest cage and
diaphragmatic position, enabling the patient to take dee-
per breaths (fig. 1).

Another important observation related to their expe-
rience during anaesthesiological management of patients
undergoing lung transplantation for emphysema [17, 19].
Unexpectedly, intraoperative gas exchange during con-
tralateral one-lung ventilation was always sufficient and
cardiopulmonary bypass was rarely necessary.

The modern concept of surgery for emphysema

A clear distinction needs to be made between sur-
gery for giant bullae and surgery for diffuse emphyse-
ma. Surgery has been used successfully for more than
four decades to improve lung function in patients with
giant bullous emphysema. Patients with bullae larger
than one third of a hemithorax and an FEV1 of less than
50% of predicted seemed to benefit most [20]. The im-
provements in pulmonary function were assumed to re-
sult from decompression of adjacent lung tissue by the
removal of large, space occupying bullae. The different
aspects of surgery for giant bullous emphysema were
recently discussed by SNIDER [21], who reviewed 22 case
series including 476 patients.

Modern surgery for diffuse emphysema is based on
the concept of BRANTIGAN and co-workers [14, 15] which
was revived by Cooper and co-workers [17]. The goals
of LVRS are: an improvement of the lungs elastic recoil
to create enhanced radial traction on the airways, thus
lowering airway resistance and increasing driving force
for maximal expiratory flow; and a reduction in pul-
monary hyperinflation enabling the diaphragm to regain
a more physiological configuration for generating inspi-
ratory force and working in a more efficient manner

(fig. 1).

Patient evaluation and selection

Patient evaluation has as its goal the selection of those
patients who will subjectively and objectively benefit
most from LVRS at a minimal risk for perioperative
mortality and postoperative morbidity. Our selection cri-
teria (table 1) were initially based on those of CoopPErR
et al. [17]. They have been modified according to our
personal experience and continue to evolve based on
ongoing analysis of patients outcome.

Suitable patients are identified according to the fol-
lowing functional, personal and anatomical aspects: 1)
the obstruction to airflow is severe and mainly due to
emphysema; 2) the pulmonary hyperinflation is severe;
3) the patients daily performance is severely impaired
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Fig. 1. — Midsagittal nuclear magnetic resonance images before: (a) and after (b) LVRS from the same patient. The chest is overdistended and
the flattened diaphragm shows minimal excursion during inspiration (left) and expiration (right). After surgery the diaphragm is curved and the
excursion is improved.

as a consequence of this functional impairment and re-
sults in a reduced quality of life; 4) no further improve-
ment can be achieved by pharmacotherapy (including
corticosteroids) and comprehensive pulmonary rehabil-
itation; 5) the patient is highly motivated to undergo a
surgical procedure with an increased risk and is in a sta-
ble psychic condition; and 6) it is believed that the ideal

candidate has an emphysema with marked heterogene-
ity predominantly localized in both upper lobes (fig. 2)
[22, 23]. In addition patients with a less heterogeneous
type of emphysema with less distinct "target areas" for
resection (fig. 3) may profit from LVRS.

Patients should have participated in a comprehensive
pulmonary rehabilitation program consisting of exercise
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Table 1. — Patient selection for LVRS in Zurich

Inclusion criteria

Dyspnoea at rest or at minimal physical activity resulting in
severe limitation of daily activity associated with an impaired
quality of life.

High motivation and acceptance of an increased perioperative
mortality (approximately 5%) and/or morbidity (long lasting
hospitalization due to prolonged air leaks) and willingness
to undergo follow-up examinations after informed consent.

Severe obstructive ventilatory defect (FEV1 <35% pred).

No significant improvement of the bronchial obstruction
(changes of FEV1 <15%) by the usual antiobstructive phar-
macotherapy including a prolonged trial with systemic corti-
costeroids (i.e. negative steroid trial).

Functional aspects of lung emphysema, i.e. irreversible hyper-
inflation with RV >200% pred TLC >130% pred and an
impaired 7L,co.

Radiological evidence of pulmonary emphysema including
signs of hyperinflation with flat diaphragms.

Emphysema confirmed by HRCT.

Candidate for lung transplantation but >60 yrs of age, or <60
yrs of age but strong preference for this type of procedure.

Exclusion criteria

Patient continues to smoke.

Age 75 yrs.

"Vanishing lung" on CT.

Tr,co <20% pred.

Hypercapnia with Pa,co, >7.3 kPa (55 mmHg).

Coronary artery disease (>50% diameter reduction) of more
than one coronary artery that can not be improved by coro-
nary angioplasty.

Left ventricular impairment of ischaemic or other aetiologies.

Pulmonary hypertension with a mean pulmonary arterial pres-
sure >4.7 kPa (35 mmHg) at rest.

Acute bronchopulmonary infection, bronchiectases on HRCT.

Pulmonary cachexia (BMI <18 kg-m2).

Neoplastic disease with a life expectancy of less than 2 yrs.

Addiction to alcohol or drugs, psychiatric disturbance (e.g.
panic disorder).

Relevant renal (creatinine >150 pg-mL-1), gastroenterological
(history of GI-bleeding in the previous year, abnormal liver
function tests, active inflammatory bowel disease) or neuro-
logical disease (history of cerebrovascular events).

Oral corticosteroids at a dose of >15 mg of prednisolone equi-
valent.

LVRS: lung volume reduction surgery; FEV1: forced expira-
tory volume in one second; % pred: percentage of predicted;
TLC: total lung capacity; 7L,co: transfer capacity of the lung
for carbon monoxide; HRCT:high resolution computed tomo-
graphy; CT: computed tomography; BMI: body mass index;
GI: gastrointestinal.

and coping skills training as well as nutrition therapy.
They are only accepted for surgery, if the changes ach-
ieved by these measures remain unsatisfactory.

Most exclusion, and some of the inclusion criteria
(table 1) are rather arbitrary, since they have not been
prospectively validated with regard to their predictive
accuracy. They may serve as guidelines to avoid oper-
ations on patients with too much mechanical impair-
ment (FEV1 <15% of predicted, marked hypercapnia)
or insufficient lung tissue left ("vanishing lung" on com-
puted tomography (CT) and/or Ti,co <20% of predicted)
for adequate gas exchange. Furthermore, patients with
coexisting major medical problems, particularly corona-
ry artery heart disease, that would considerably increase
the operative risk should be excluded. The selection of

a patient who might profit from this type of surgery at
a justifiable perioperative risk is a synoptic process. Can-
didates should not be excluded from surgery if some of
the inclusion criteria are not met, or on the basis of a sin-
gle contraindication.

Our initial evaluation consists of clinical, functional
and radiological examinations (table 2). From May 1994
to April 1996 we have evaluated 88 patients. Of these,
36 were operated upon and four are waiting for surgery.
Forty eight patients, (nine females and 39 males) with
a mean age of 64 yrs were excluded from further eval-
uation for the following reasons: 18 did not accept an
increased risk of perioperative mortality; in 10 patients
the functional impairment was not severe enough; three
patients were not sufficiently hyperinflated; eight patients
had coronary artery heart disease; and eight for various
other medical reasons. One patient was considered to be
a primary candidate for lung transplantation. This high
acceptance rate for surgery is in accordance with that
of YUSEN et al. [24], who accepted 189 of 440 patients
invited for an on-site evaluation, and is a consequence of
an excellent preselection by the referring pulmonary
physicians who were thoroughly informed about our
actual selection criteria.

We currently perform right heart catheterization in all
of our candidates, but only for study purposes. Further-
more, men older than 50 and women older than 55 yrs
undergo left heart catheterization as well as coronary
angiography. Since all of our patients were former smok-
ers and most of them of advanced age, they belong to
a high risk group for coronary artery disease (CAD).
Due to extreme ventilatory impairment they are unable
to perform a meaningful cardiac exercise test. Relevant
CAD, which had an impact on the individual treatment
strategy (LVRS denied or preoperative angioplasty), was
found in 15% of our asymptomatic patients (unpublished
results). We believe, that exclusion of significant CAD
is mandatory before surgery. However, to reduce the
number of normal coronary angiograms, dipyridamole-
thallium scintigraphy, a method known to be sensitive
for the detection of CAD, can be performed to screen
patients.

Before a patient is definitively scheduled for surgery
the following potential problems should be reconsidered
and treated preoperatively: bronchopulmonary infection
is treated according to sputum cultures (e.g. Pseudomonas
aeruginosa) by antibiotics; patients who were on long-
term corticosteroids should not be withdrawn from their
maintenance dose, which will need to be increased peri-
operatively; and those patients who are extremely impair-
ed in their performance (e.g. confined to a wheelchair)
and who are in an unfavourable condition due to muscle
weakness or poor nutritional status should once more
undergo pulmonary rehabilitation.

Furthermore, in the preoperative period all patients
should be instructed by the respiratory therapist in the
breathing exercises planned for the early postoperative
phase.

Operative techniques, anaesthesia and postopera-
tive management

LVRS can be performed through a median sternotomy,
a thoracotomy or by video-assisted thoracoscopy (VAT).
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Fig. 2. — a) Preoperative posteroanterior radiograph shows predominant upper lobe emphysema with a distinct downward placement of the
hilum. b) In the lateral projection the marked hyperinflation and the flattening and downward displacement of the diaphragm is clearly visible.
¢) Lung perfusion scan of the same patient confirms absent circulation in both upper lobes (right more than left). d and e) High resolution com-
puted tomography shows severe emphysema in the upper lobes (d) and mild emphysema in the lower lobes (e) of the same patient.
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Fig. 3. — Lung perfusion scan showing a relatively homogeneous
perfusion pattern with some scattered small spots of nonperfused "tar-
get areas’.

Table 2. — Evaluation of patients for LVRS

Medical history and physical examination
Routine laboratory work
Pulmonary function test

Spirometry

Body plethysmography

TL,co

Arterial blood gas analysis
6 or 12 minute walking distance
PA and lateral chest radiograph (also in exhalation)
High resolution CT of the chest
Radionuclide-perfusion scan

PA: posteroanterior. For further definitions see table 1.

Fig. 4. — "Hockey-stick" shaped resection specimen of a right upper
lobe. the tissue is deflated and does not reflect the actual volume.

It may be applied either unilaterally or bilaterally. The
lung tissue can be stapled and resected with or without
buttressing of the staple lines with xenopericardium. As
an alternative, thermic energy may be applied by laser
on the surface of the lung in order to "shrink" its vol-
ume.

Median sternotomy

CooPER et al. [17] started to perform LVRS bilater-
ally by median sternotomy in January 1993, and pursue
this operation with excellent results [22]. Median ster-
notomy provides a good exposure of both lungs, espe-
cially the anterior and apical parts and allows palpation
of the lung tissue. In addition, this approach does not
interfere with chest wall muscles and does not cause
painful intercostal nerve damage if the chest tubes are
placed below the rib cage. The disadvantage of sterno-
tomy is the impaired access to the lower lung lobes,
especially on the left side.

After division of the sternum, the pleura is incised
sequentially in order to keep the lung in place at the
nonoperation site. Adhesions, which can be quite exten-
sive in some patients, have to be dissected. The most
damaged lung regions remain overdistended for much
longer at the nonventilated lung, whereas the less em-
physematous lung parts become atelectatic. These re-
gions correspond with the target areas for resection,
previously identified by chest CT and lung perfusion
scans.

With the aid of mechanical stapling devices about
20-30% of the lung volume is resected. This is gener-
ally a nonanatomical wedge resection and the amount
and sites of resection are imprecisely defined. In cases
with predominantly destroyed upper lobes the resection
usually starts medially on the horizontal fissure of the
middle lobe or on the base of the lingula, proceeding
further apically and dorsolaterally resulting in a "U-sha-
ped" or "hockey stick" shaped piece of resection (fig. 4).
In other cases the apical segments or the basal segments
of the lower lobes are resected. CooPer [25] proposed
to buttress the staple lines with strips of bovine pericar-
dium in order to prevent extensive air leaks through the
staple holes of the fragile lung tissue [26]. In the few
cases of complete lobar destruction, an anatomical lob-
ectomy can be performed [22].

The lung is reventilated and carefully checked for air
leaks and whether the remaining lung volume fills out
the thoracic cavity. If airspace persists in the apical re-
gions Cooper and co-workers [17, 22] suggest dissection
of the parietal pleura of the apex to produce a so-called
"pleural tent". The parietal and visceral pleura are then
in apposition and seal possible air leaks.

Two drainage tubes are placed on each side and the
parietal pleura is closed with sutures. Ventilation is
restored and the opposite side is resected.

Thoracotomy

Thoracotomy is favoured by groups who prefer "an
open" procedure and are dealing with a case of predo-
minant unilateral emphysema [22, 27]. In addition, some
surgeons convert VAT to thoracotomy if extensive ad-
hesions are present, which may result in air leaks from
the dissection. They expect to control and seal air leaks
more easily through an open approach. There are unpub-
lished reports from groups who even perform LVRS
through bilateral thoracotomy. Usually muscle spar-
ing incisions are utilized in the 4th intercostal space
(ICS) for an upper lobe type or an incision in the 5th
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or 6th ICS for predominant lower lobe emphysema.
Resection technique and selection of target areas are
comparable to the approach through median sternoto-
my. The major advantage of thoracotomy is a better
access to the lower lobes. However, since even muscle-
sparing incisions interfere with thoracic wall muscles,
thoracotomy is not considered ideal for these critical
patients and should be avoided as a simultaneous bilat-
eral approach.

Video-assisted thoracoscopy

We are performing bilateral LVRS by VAT since it
provides a good approach to all parts of the lungs through
small incisions, which might result in minor morbidity.

Patients with predominantly upper lobe and/or middle
lobe emphysema are placed supine and the less afflict-
ed side is operated upon first. If the resection is planned
in the lower lobes and/or posteriorly, the patient is placed
laterally and the position changed after completion of
the first side. Three 11.5 mm trocars are placed in the
7th or 8th ICS and a 5.5 mm in the 4th ICS. A 10 mm
rigid, 25° angled thoracoscope is used. The resection is
aimed at the most destroyed tissues, identified previ-
ously by CT scans and perfusion scintigraphy. In some
cases target areas can be visualized by observation of
delayed resorption atelectasis. However, we consider
visual inspection or palpation of the lung for targeting
resection areas of minor importance, and rely more on
imaging methods (HRCT, perfusion scintigraphy or sin-
gle positron emission computed tomography (SPECT)).

The "target areas" are presented by an endoscopic lung
forceps and resected by successive application of endo-
scopic staplers. For predominantly upper lobe disease
the resection starts at the base of the lingula or the mid-
dle lobe, heading further apically and then dorsolater-
ally, resulting in "hockey stick" or "U" shaped excised
pieces of lung with a cumulative volume of approxima-
tely 20-30% on each side. In predominantly lower lobe
disease (typically alpha-1-AT deficiency) the basilar seg-
ments of the lower lobes, the lingula or middle lobe or
both are resected. In the diffuse type of emphysema
multiple wedge resections of the most destroyed areas
are performed. The resected specimens are deflated and
removed through the largest trocar site. The amount and
sites of resections are intended to be identical to an open
approach.

In contrast to others [22, 27, 28], we do not buttress
the staple lines with xenopericardium since we have
observed no or minor air leaks in our initial patients at
the end of the procedure. This experience is now con-
firmed in a larger series of patients and documented by
our drainage time [29], which is equal or shorter com-
pared to other groups [17, 22, 27, 30]. Furthermore, we
do not perform pleural tents nor pleural abrasion or talc
poudrage routinely. Two drainage tubes on each side
are placed through the anterior trocars and suction of
-10 cm H,O is applied.

Several centres have reported their results with a uni-
lateral thoracoscopic resection [28, 30, 31]. They achi-
eved significant functional improvement, although of
lesser magnitude than with the bilateral procedure. How-
ever, unilateral resection may be indicated in the rare

case with predominantly unilateral disease or in patients
with contraindications to bilateral operation (i.e. pleu-
rodesis, previous thoracotomy). All other patients should
preferentially undergo bilateral resection.

WakaBaysHI [32] recently described the results of app-
lying thermic energy onto the surface of emphysematous
lungs by VAT using a sapphire contact neodymium-
yttrium aluminium garnet laser (Nd-YAG). The goal of
this procedure, called "thoracoscopic laser pneumoplas-
ty", is to achieve a shrinking of the underlying lung
parts. In a retrospective analysis of 500 consecutive pro-
cedures in 443 patients, subjective and objective func-
tional improvements were reported in the majority [32].
Since data of an objective functional follow-up were
available in only 229 patients the results might be biased.
MCcKENNA et al. [28] conducted a prospective random-
ized trial comparing stapled lung resection with laser
pneumoplasty and reported less favourable functional
results and a longer drainage time in the laser group.
These finding have been corroborated by others [30].
We therefore do not believe that laser pneumoplasty
should be used as the sole method for volume reduc-
tion.

Anesthesia and postoperative management

For all surgical approaches a combination of contin-
uous thoracic epidural analgesia with total intravenous
anaesthesia is used [19]. A left-sided double-lumen endo-
tracheal tube is placed for one-lung ventilation to enable
resection on the collapsed lung and ventilation of the
contralateral lung with an inspired oxygen fraction of
1.0.

Extubation is performed in the theatre immediately
following the operation. Local anaesthetics are given
continuously via an epidural catheter for control of post-
operative pain, allowing early physiotherapy and mobil-
isation. Adequate pain control remains an important
factor in the early postoperative phase and includes oral
analgetics as well as patient-controlled analgesia with
opiates.

Perioperative antibiotics, consisting of amoxycillin,
or according to microbiological findings, are given peri-
operatively for 3—5 days.

The chest tubes are connected to a chest tube drainage
system with suction of -10 cmH,0, usually increased up
to -20 cmH,O after 3-5 days. Other groups recommend
water sealing [22] or connecting the tubes to Heimlich
valves [33].

Morbidity and mortality

All patients in our prospective series [29] were extu-
bated immediately at the end of surgery and only one
patient had to be reintubated and ventilated for half a
day. Six patients developed pneumonia (fever, pulmo-
nary infiltrate on chest radiograph, elevated C-reactive
protein) and were successfully treated with antibiotics.
In our experience with additional patients (n=36) post-
operative pneumonia was observed less frequently, which
is more in accordance to the incidence of this compli-
cation (4-20%) by other groups [22, 27, 31]. This com-
plication seems to be less frequent after a unilateral
procedure [31].
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The median chest tube drainage time was 6.5 (range
3-19) days and in seven patients the drainage time was
prolonged (i.e. >7 days) [29]. The mean hospitalization
time was 15 (range 7-26) days. No relevant differences
in chest tube drainage time between different surgical
approaches have been reported [17, 29], but differences
between groups have been noted [17, 27, 29, 30]. Fur-
thermore, it seems that buttressing of the staple lines
does not clearly lower the drainage duration, at least in
comparison to our own experience with VAT resection
using an endoscopic stapler. None of our patients was
discharged with a chest tube.

Perioperative mortality (<30 days) was zero in our
prospective study population [29] and did not increase
with more patients (36 patients, April 96). Other cen-
tres with comparable selection criteria also report rela-
tively low mortality rates of 2-4% [22, 27, 31].

Functional results

The Washington University Emphysema Surgery Group
published their results with the first 20 cases in 1995
[17]. Further experience with a total of 84 patients was
reported recently [34]. The average age of their patients
was 6019 yrs. All suffered from a remarkable degree
of bronchial obstruction with a mean FEV1 of 24% of
predicted (0.69£0.27 L-s1). The follow-up was 3 months
for 53 patients, 6 months for 37 patients, and 1 yr for

19 patients. The average increases in FEV1 were 58% (to
1.09 L), 64%, and 87% (1.29 L) at 3, 6, and 12 months,
respectively, and hyperinflation, measured by body ple-
thysmography and assessed as total lung capacity dec-
reased from a mean of 8.34 L (142% of predicted) to
6.76 L at three and to 6.93 L at six months, respectively.
Even arterial oxygen tension (Pa,0,) increased significan-
tly after surgery, from a mean of 8.0 to 9.0 kPa (60—68
mmHg) at three months. Considerable improvements
were reported in dyspnoea indices and quality of life
scores.

We started to perform bilateral LVRS by VAT in
1994 and recently reported the results of our prospec-
tive study in 20 patients [29]. Our patients were select-
ed according to the previously discussed criteria (table
1). The most striking improvement after LVRS relates
to an amelioration of shortness of breath. Dyspnoea
decreased from a mean of 3.4 (£ 0.6) to 1.8 (£ 0.9) as
assessed by the Medical Research Council (MRC) dys-
pnoea score, by which shortness of breath is rated from
0 to 4 according to an increase in symptom severity.

The mean percentage increase in FEV1 was 42%. In
four patients the changes in FEV1 were less than 150
mL, but none showed worsening of FEV1 or vital capac-
ity compared to preoperatively. In eight patients the
increase in FEV1 was more than 300 mL, one patient
improved by 740 and another by 830 mL. Our results,
confirmed in the meantime by a larger series, compare
favourably with those of other groups (table 3). The

Table 3. — Functional results after lung volume reduction surgery
Author Pts Approach Procedure AFEV1
No. %o
COOPER et al. 20 MS Bilateral stapled resection 82
[17] 1995
DemERTIZIS and co-workers 20 MS Bilateral stapled resection 32
[35] 1996
EUGENE et al. 28 VATSu KTP laser and/or Nd-YAG 34
[36] 1995 laser, discretely bullous areas
and hyperinflated areas were
stapled
KEENAN ef al. 67 VATSu Nd-YAG laser (10), stapled 27
[30] 1996 resection (23), stapled resection
with modest laser ablation (34)
LITTLE et al. 81 VATSu Nd-YAG 15
[37] 1995
MCcKENNA et al. 72 VATSu Nd-YAG (33) or stapled 33 stapler group,
[28] 1996 resection (39) 13 laser group
MILLER and co-workers 53 46 MS, 7 Tu Stapled resection 93
[27] 1996
NAUNHEIM and co-workers 50 VATSu, Staled resection 35
[31] 1996 5 patients
operated on
contralateral
side
WAKABAYASHI 483 VATSu, in 57 Nd-YAG laser, type 4 bullae 62 in group with pre-
[32] 1995 cases subsequently were excised and sutured or operative FEV1 <14% pred
operation of the stapled (n=33)
opposite side 28 in group with pre-
operative FEV1 >15% pred
(n=191)
Yusen and co-workers 84 MS Bilateral stapled resection 58
[34] 1996

AFEV1: change in forced expiratory volume in one second (FEV1) from pre- to postoperation; MS: median sternotomy; VATSu:
unilateral video-assisted thoracoscopic surgery; Tu: unilateral thoracotomy; KTP laser: potassium titanyl-phosphate laser; Nd-
YAG laser: neodymium-yttrium aluminium garnet laser; % pred: percentage of predicted value.
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mean difference in total lung capacity from baseline was
1.0 L and the mean RV to TLC ratio decreased at three
months after surgery from 0.64 (£0.09) to 0.55 (£0.07)
(p<0.001). The results of pulmonary function tests imme-
diately before discharge were similar to the functional
data at three months [29].

The improvements in exercise capacity after bilateral
LVRS, assessed by the timed walking distance, range
between 38% [29] and 60% [27, 34]. These results indi-
cate that after LVRS patients do not make full use of
their improved lung function, a finding which is even
more pronounced in transplant recipients [38]. In our
experience, small increments of spirometric improve-
ments are sufficient in many patients to allow them re-
gular daily activity. Therefore, these generally older
patients are no longer sufficiently motivated to perform
systematic exercise training.

The concept of LVRS consists of removing lung parts
almost completely destroyed by severe emphysema, i.e.
tissue no longer involved in gas exchange. Consequently,
we found no changes in TL,co, a parameter believed to
reflect the amount of pulmonary gas exchange surface
[29]. Ventilation-perfusion mismatch is another cause
of hypoxaemia in patients with COPD and emphysema.
Several groups observed a mild rise in the mean Pa,0,
of their patients [27, 31, 34, 38]. They even reported
that a considerable number of patients on oxygen at rest
preoperatively no longer needed oxygen supplementa-
tion after LVRS. In contrast, in only one of our three
patients, who satisfied the strict criteria for long term
oxygen therapy (LOT) before LVRS [6, 7], the Pa,0,
improved to such an extent, that he no longer required
oxygen. Since no details about the criteria to prescribe
LOT were made in the other studies [27, 31, 34, 38],
we are not able to comment on these differing results.

Several groups have published their results with uni-
lateral thoracoscopic volume reduction [28, 30, 31]. They
consistently report a striking improvement in short-
ness of breath, although the achieved functional changes
were less impressive in regard to an amelioration in
FEV1 and a reduction in hyperinflation than with bilat-
eral resection. The results which are observed after uni-
lateral LVRS by stapling [28, 30, 31] are superior to
those achieved with the laser technique [28, 30, 32, 36,
37].

Bilateral LVRS is the method of choice, whenever pos-
sible, since the functional results with unilateral LVRS
are usually inferior (table 3). However, it is becoming
clear that the improvements which are achieved by me-
dian sternotomy or by VAT are similar. This indicates
the relatively minor influence of these two approaches
on the functional outcome as long as the resections are
performed appropriately.

Lung volume reduction instead or before lung
transplantation

During the past decade lung transplantation has evolv-
ed into a successful treatment for patients with end-stage
pulmonary emphysema [39]. However, a critical short-
age of suitable donor lungs restricts transplantation to
a small number of patients. Numerous patients with

emphysema are ineligible because of their advanced age.
Furthermore, many transplant recipients have a signifi-
cant morbidity due to the inevitable immunosuppression
and most experience a deterioration in their function
over the years due to chronic rejection (i.e. bronchioli-
tis obliterans). Recently, the results in functional per-
formance and survival after LVRS and after single or
bilateral sequential lung transplantation were compared
in a retrospective study [38]. Thirty-three patients under-
went volume reduction (mean age 57 yrs), 39 patients
single lung transplantation (55 yrs), and 25 patients bi-
lateral lung transplantation (49 yrs). Early mortality (<
30 days) was 0 of 33, 1 of 39 and 2 of 25 and mortal-
ity at 12 months was 1 of 33, 4 of 39 and 4 of 25 in the
LVRS, single, and bilateral lung transplantation group,
respectively. At 6 months, mean FEV1 had improved
by 79% (LVRS), 231% (single lung transplantation),
and 489% (bilateral lung transplantation) over preope-
rative values. This analysis confirms that the function-
al improvements after LVRS are less impressive than
those achieved by transplantation. Nevertheless, LVRS
is an option for patients with debilitating symptoms, even
when the FEV1 does not meet transplant criteria, or for
patients who are not candidates for transplantation be-
cause of their advanced age. Furthermore, according to
our personal experience with one patient and a report
from the literature [40], LVRS seems not to hamper
subsequent transplantation. Therefore, this type of sur-
gery may be used as a means to delay transplantation
in a subset of patients, and we offer it as a first option
to all patients who fulfil the selection criteria.

Open questions

It may be deplored, that the results of LVRS have not
been studied in a prospective randomized (multicentre)
trial [41]. Only a randomized, controlled study in which
half of the eligible patients undergo LVRS, and the other
half receive optimal medical therapy during a number
of years, would address the issues of long-term efficacy,
cost-effectiveness and possible drawbacks from a rigo-
rous scientific standpoint. However, several groups have
convincingly shown that a majority of highly selected
patients experience a significant and clinically relevant
improvement, not only in symptoms, but also in pulmo-
nary function, to an extent that cannot be achieved by
optimized medical treatment.

Many questions in regard to the mechanisms respon-
sible for the often striking improvement of dyspnoea
after LVRS remain unanswered. It is conceivable, that
a placebo effect plays an important role in this highly
selected group of patients, who accept the risk of a sur-
gical procedure. However, there is little doubt, that in
the majority of patients the relief of shortness of breath
is a consequence of changes in pulmonary mechanics,
previously not achieved despite optimal medical thera-
py [42, 43]. Nevertheless, the correlations between the
amelioration of symptoms and the changes in conven-
tional pulmonary function parameters, e.g. FEV1, resid-
ual volume, efc. are rather weak [44]. Recently, it was
demonstrated, that the coefficient of retraction, an indi-
cator of elastic recoil of the lung, improved after surgery
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[45]. We have evidence, that breathing pattern para-
meters at rest are altered by LVRS [46]. In addition,
TescHLER and co-workers [42] were able to demonstrate
an increased force generation capacity of the inspirato-
ry muscles, which was paralleled by a decrease in cen-
tral respiratory drive.

Since by definition pulmonary emphysema is an irre-
versible process LVRS remains a palliative treatment for
this disease. Up to now experience with the durability
of the changes remain uncertain, but sustained improve-
ments for at least 1 yr have been reported [34]. Further-
more, only a complete follow-up of the operated patients
will determine if progression of the underlying disease
with accompanying functional deterioration will be at
the rate usually anticipated. It might be slower because
of changes in lifestyle and medical management, or ac-
celerated because of the increased distending force on
the residual emphysematous lung.

There is some evidence that patients with preferen-
tial upper lobe emphysema, or those with emphysema
localized elsewhere, adjacent to less afflicted regions of
the lung providing distinct target areas for resection,
might benefit most from LVRS [23, 24]. Although the
morphology of emphysema can be precisely assessed
by high resolution CT, no commonly accepted system
for its grading and classification is in use at the mom-
ent. It is therefore not possible to correlate the reported
functional improvements appropriately since the type of
emphysema is not classified by the different centres.
However, we and others [27] have observed that even
some patients with a homogeneous type of emphysema
without distinct target areas may experience a functi-
onal benefit from LVRS.
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