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ABSTRACT: Lung volume reduction surgery (LVRS) is emerging as a promising
and unique therapeutic option for rigorously selected patients with severe debili-
tating emphysema. A 51 yr old man with generalized emphysema developed bilat-
eral pneumothoraces during his first holiday abroad. Due to respiratory insufficiency,
intubation and mechanical ventilation were necessary. In total, six chest tubes were
inserted but massive air leak persisted and his respiratory condition deteriorated
due to bronchopneumonia and sepsis. The patient was transferred to Belgium. As
a last resort, bilateral LVRS was performed through a median sternotomy. The
most diseased areas of the upper lobes containing the air leak were resected bilat-
erally and a pleurectomy was associated. Three months after operation, there was
a remarkable improvement in spirometric values with an increase in forced expi-
ratory volume in one second of almost 100%. The results were sustained after a
follow-up of 18 months. 

In this dramatic case, lung volume reduction surgery proved to be effective, and
was even a life saving procedure.
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Lung volume reduction surgery (LVRS) was origi-
nally described by BRANTIGAN and MUELLER [1] in 1957,
as a surgical treatment for patients with end-stage emphy-
sema. It was reintroduced by COOPER et al. [2] in 1995,
who used the term "pneumectomy" to describe resec-
tion of poorly ventilated functionless lung. LVRS has
become a novel palliative procedure for a subgroup of
patients with advanced emphysema [3]. In this case, we
performed LVRS in a ventilator dependent patient with
chronic obstructive pulmonary disease (COPD), a situ-
ation where LVRS has been considered to be contra-
indicated.

Case report

A 51 yr old man with severe COPD and a predomin-
ant emphysema component due to nicotine abuse had a
forced expiratory volume in one second (FEV1) of 0.92
L, which was stable and did not improve despite treat-
ment with bronchodilators and steroids. During his holi-
day in a southern European country, he experienced fever
and dyspnoea, and was therefore admitted to a local
hospital. Physical examination revealed severe dyspnoea,
a decreased consciousness (with a normal cortical and
brain stem function), hypercapnia (arterial carbon diox-
ide tension (Pa,CO2) 9.57 kPa (72 mmHg)), severe obstruc-
tion to airflow, expiratory wheezing and fever above
38°C. A chest radiograph showed a bilateral pneumo-
thorax and thus two chest tubes were inserted to treat the
pneumothorax. His condition deteriorated rapidly due to

respiratory insufficiency and sepsis, and intubation and
mechanical ventilation were necessary. Cardiopulmonary
resuscitation (CPR) was initiated because of cardiac arrest.
After 1 min, the circulatory state was re-established, and
an additional four chest tubes with separated suction sys-
tems were inserted (fig. 1). The patient was then trans-
ferred to Belgium by a private insurance company.

On arrival, the patient was ventilated by a volume-
controlled ventilator, and enormous airleaks were observed
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Fig. 1.  –  A frontal chest radiograph of the patient on arrival with
six chest tubes inserted. The patient is intubated and mechanically
ventilated. Pulmonary infiltrates are present.



a)

in all suction systems. Inspiratory tidal volume (VT) was
568 mL and expiratory VT 0 mL. Arterial blood gas
analysis with 100% oxygen were: arterial oxygen pres-
sure (Pa,O2) 8.25 kPa (62 mmHg); Pa,CO2 7.71 kPa (58
mmHg); SO2 89%; pH 7.31; HCO3- 28.5 mmol·L-1.
Bronchoscopic evaluation showed a dry necrotic bronchial
mucosa in the trachea and both main bronchi. At this
moment, the only valuable therapeutic option was LVRS.
Through a median sternotomy the most diseased areas
of the upper lobes containing the air leak were resect-
ed bilaterally, using a linear stapler with strips of bovine
pericardium.

A pleurectomy was then performed. On postoperative
evaluation only a minimum air leak was present. As a
result, four thoracic drains and a mediastinal drain were
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Fig. 2.  –  Preoperative chest radiographs of: a) frontal; and b) lateral orientations, showing marked hyperinflation of the lungs, with distension
of the thorax, and, downward displacement and flattening of the diaphragms. Predominant upper lobe emphysema is present. Postoperative chest
radiographs of: c) frontal; and d) lateral orientations, show the return towards a more normal thoracic configuration, with less distension and a
higher resting position, and an increased curvature of the diaphragm.

b)

c)

Table 1.  –  Spirometric parameters before and after
lung volume reduction surgery was performed as an
emergency procedure

Spirometric Preoperative Postoperative
parameters 3 months 18 months

FEV1 L 0.92 (30) 1.86 (62) 1.52 (51)
TLC  L 6.57 (111) 5.34 (90) 5.79 (98)
RV  L 4.06 (200) 2.22 (109) 2.35 (114)
VC  L 2.51 (65) 3.12 (98) 3.44 (91)
TL,CO

mmol·kPa·min-1 3.4 (39) 4.3 (51) 4.7 (55)
Spirometric parameters with percentage of predicted value in
parenthesis. FEV1: forced expiratory volume in one second;
TLC: total lung capacity; RV: residual volume; VC: vital capac-
ity; TL,CO: transfer factor of the lungs for carbon monoxide. 



inserted. The initial postoperative period was compli-
cated by a respiratory infection with Candida albicans
(as proven by culture of an aspirate obtained by broncho-
scopy). This was treated with intravenous fluconazole.
Fourteen days after operation, the patient was extubated,
and on the 28th postoperative day he left the hospital
and ceased smoking.

Within 3 months, there was a remarkable improve-
ment of spirometric parameters (table 1) and exercise
tolerance as assessed by an improved walking distance.
Three months after surgery, a significant increase in
FEV1 of 100% was noticed. Total lung capacity (TLC)
and residual volume decreased after surgery and almost
normal values were observed. The transfer factor of the
lung for carbon monoxide increased. Arterial blood gases
normalized without hypercapnia or hypoxaemia (Pa,CO2
4.92 kPa (37 mmHg), Pa,O2 12.10 kPa (91 mmHg), pH
7.43, HCO3

– 24.5 mmol·L-1 while breathing ambient air).
Eighteen months postoperatively, spirometric parame-
ters are stable and quality of life is excellent. The chest
radiographs before and after LVRS are shown in figure
2.

Discussion

LVRS is emerging as a promising and unique thera-
peutic option for rigorously selected patients with severe
debilitating emphysema. By resecting hyperinflated non-
functional areas of the lung, thoracic volume is reduced,
chest wall and diaphragmatic mechanics are improved
and ventilation to the remaining portions of the lung are
improved [4]. The rationale has been that by resecting
hyperinflated functionless areas of the lung, the remain-
ing lung will better expand, which will lead to: restora-
tion of elastic recoil resulting in less airflow obstruction
and gas trapping; restoration of ventilation-perfusion in
previously compressed lung; less distension of the thora-
cic cage and diaphragm, with improved function of the
respiratory muscles; and less dyspnoea [5–7] (fig. 2).

The operative technique can be a unilateral or bilat-
eral procedure using a thoracoscopic or sternotomy
approach. MCKENNA [10] compared 166 patients treat-
ed with unilateral or bilateral thoracoscopic LVRS and
concluded that the clinical outcome was much better for
the bilateral procedure, with no difference in morbidi-
ty and mortality rates. After a bilateral procedure there
was more improvement in FEV1, in dyspnoea, and in
life expectancy [8–10]. This improvement has proved
to be longlasting for at least 2 yrs [8, 9].

The bilateral procedure can be performed by a medi-
an sternotomy or a bilateral thoracoscopy with approx-
imately equivalent responses [10]. Unilateral procedures
may be preferred for hyperinflated patients (TLC >7.5
L) with Pa,CO2 <5.98 kPa (45 mmHg) and diaphrag-
matic excursion >2 cm. These patients have the same
improvement in FEV1 whether the procedure is uni- or
bilateral [10]. Unilateral operations are also advised for
patients with contra-indications for an operation on the
opposite side: prior thoracotomy; pleurodesis; extensive
pleural diseases; when a large air leak presents while
operating on the first side during a planned bilateral pro-

cedure; or if underlying skeletal deformities such as pec-
tus excavatum are present [10, 11].

NAUNHEIM et al. [5] published inclusion and exclusion
criteria for proper selection, and ventilator dependency
is regarded as a contra-indication.

In this patient LVRS was performed as a last resort.
An open procedure (median sternotomy) was preferred
to a video-assisted thoracoscopic approach, as the patient
was ventilated. A spectacular improvement in lung func-
tion, oxygenation and quality of life was seen. Even 18
months after the operation, lung function and exercise
tolerance are well maintained. Recently CRINER et al.
[12] published a report where they operated on three
ventilator dependent COPD patients. In all cases there
was a successful weaning and an improvement in func-
tional state. They concluded that LVRS in selected ven-
tilated COPD patients may result in improved gas exchange
and respiratory mechanics which enables successful
weaning and an overall improved functional state. 

We conclude that lung volume reduction surgery may
be indicated in selected patients with chronic obstruc-
tive pulmonary disease, who  are ventilator dependent.
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