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Preface

When we first discussed Clinical Challenges in COPD with the publishers, we both agreed to
produce something quite different from the usual textbook format of publications in respi-
ratory medicine. The majority of books on the subject of COPD have largely the same char-
acteristics, with differences only in the depth and type of information provided, depending
on whether the specific target readership is the general practitioner, pulmonary clinician or
academic clinician. With this new venture, we hoped and planned to produce a publication
on COPD that addressed all clinicians dealing with pulmonary patients in an innovative
format. We wanted to break away from the traditional idea of expounding a list of diseases
or therapeutic approaches: even if these were well described in terms of their aetiology,
pathogenesis, diagnosis and treatment, we felt that we would not be adding anything new
to the stock of literature already published in this field. We also did not want simply to pro-
vide a list of clinical cases.

In this book, we have tried to integrate all of these aspects and present them from a novel
viewpoint: starting from the description of a real clinical case – such as the clinician typically
encounters in everyday clinical practice – the idea was to open up a panel discussion, as it
were, on all aspects related to the diagnosis and treatment of the case that would be of inter-
est to the clinical specialist. In this way, we hoped to give the reader an update on the state-
of-the-art on specific aspects of respiratory medicine relevant to clinical practice, presented
in a novel, easy-to-read manner.

We selected 21 topics, which, while they do not represent all aspects of COPD, cover all
of the real cases that a clinician may encounter in everyday clinical practice. 

All chapters have a similar structure, providing:

� a background, to set the scene and give the general picture of the specific clinical problem;
� a case report, including history, basic diagnostic assessment, differential diagnosis, and

treatment (pharmacological, rehabilitation and follow-up);
� a discussion, examining the different possible scenarios arising from the different assess-

ment approaches; 
� a conclusion, summing up what has emerged from the discussion and giving clear

options for diagnosis, management and follow-up of the specific patient/disease.

The discussion section, in particular, follows the style of a panel discussion: it examines the
four or five questions most likely to come from the floor, debating these from the different
angles possible. For this reason, where there were debatable perspectives, we sought to
have two or more co-authors to enable interaction as though they were part of a panel of
experts. 

The authors are outstanding authorities in their specific field, each with many high-level
publications to their name. Notwithstanding their expert status, we asked them to write in a
colloquial manner, as if they were talking from the floor. As such, we hope to offer here a dis-
tillation of the best knowledge available in the field, to provide clinicians with a useful tool to
keep on their desk for rapid consultation in daily practice. We would like to thank all of the
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authors for the time and effort they have devoted to the task despite their heavy clinical and
scientific commitments and for their goodwill in following the editors’ guidance to produce
an innovative book. We hope that this publication will not only be useful reading, but also a
‘companion’ for all clinicians who, we are confident, will appreciate this new format.

Claudio F. Donner
Mauro Carone

Italy, December 2006

xii Preface
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1
Improvement of symptoms in a 62-year-old 
COPD patient after lung volume reduction
surgery
R. J. McKenna Jr.

BACKGROUND

Emphysema is a disease that causes great morbidity and mortality worldwide and for which
the medical treatment has had little impact upon quality of life or survival. Therefore, 
a variety of operations have been tried over the years in an attempt to help patients suffer-
ing from severe emphysema. This chapter will use a case report to present the current status
of lung volume reduction surgery (LVRS) in the treatment of severe emphysema.

In the US, there are approximately 14 million people who suffer from chronic obstructive
pulmonary disease (COPD) and about 2 million of these have primarily emphysema. This is
the third most common overall cause of death in the country.

Unfortunately, medical management has had little impact on the morbidity and mortal-
ity of emphysema. Pulmonary rehabilitation has slightly improved quality of life and has
reduced the number of hospitalizations, but has failed to improve pulmonary function or to
improve survival [1]. Oxygen therapy for patients with hypoxaemia (oxygen saturations
� 90%) has been shown to improve survival.

Otto Brantigan first performed what we now call LVRS in the 1950s at the University of
Maryland. Through unilateral thoracotomy incisions, he performed wedge resections of the
lung in areas of severe emphysema. This procedure did produce significant clinical improve-
ment in patients, but there was an 18% hospital mortality rate and there was no good scien-
tific documentation of the benefit. Wakabayashi [2] used unilateral thoracoscopy and the
Nd:YAG laser to reduce lung volume, but there was little scientific documentation of the ben-
efit and again there was significant morbidity and mortality, so this did not become popular.
Cooper et al. [3] introduced modern LVRS as bilateral wedge resections of the lung through
a median sternotomy with bovine pericardium to buttress the staple lines on the lung.
McKenna et al. [4] performed a randomized, prospective trial to confirm that the staple pro-
cedure produced better improvement in pulmonary function than the laser procedure.
Subsequent studies established a bilateral staple operation as the standard procedure [5].

The basic concept of LVRS was to identify patients with a heterogeneous pattern of
emphysema (usually in the upper lobes). The operation removed approximately 30% of
each lung. Removal of areas of lung parenchyma that were not essentially a functional
tissue allowed the remaining lung to function more effectively. This resulted in improved
elastic recoil of the lung [6].

Robert J. McKenna Jr, MD, Surgical Director, Cedars-Sinai Center for Chest Diseases, Thoracic Surgery and Trauma, 
Los Angeles, California, USA

© Atlas Medical Publishing Ltd 2007
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The National Emphysema Treatment Trial (NETT) was a randomized, prospective trial
comparing best medical management with or without LVRS [7]. Of the 1210 patients in the
trial, 608 underwent LVRS and 610 underwent medical management alone. The first NETT
publication of results confirmed that older patients with the most severe emphysema (FEV1
� 20% and diffusion capacity of the lung for carbon monoxide [DLCO] � 20%) and homo-
geneous emphysema were at risk for greatest morbidity and mortality, with little chance of
benefit [8]. The overall results of the NETT showed that, for patients with upper lobe
emphysema and poor exercise tolerance, LVRS provided better pulmonary function, exer-
cise tolerance, quality of life, and survival than medical management. For patients with
upper lobe emphysema and better exercise tolerance, LVRS provided better pulmonary
function, exercise tolerance, and quality of life, but no survival benefit, compared to medical
management [9]. For patients with non-upper lobe emphysema and poor exercise tolerance,
LVRS provided better pulmonary function, exercise tolerance, and quality of life, but no
survival benefit, compared to medical management. A substudy in the NETT showed that
bilateral staple LVRS via a median sternotomy or video assisted thoracoscopic surgery
(VATS) had the same morbidity, mortality and benefit, although the VATS approach had a
shorter length of stay and cost [10]. Other randomized trials have confirmed these results
[11–13].

This chapter will illustrate the basic workup and procedure for LVRS and then discuss
the different possible scenarios arising from the diverse possible assessment and
approaches.

CASE REPORT

A 62-year-old male complained of significant limitation in activities of daily living. He had
severe dyspnoea with taking a shower, bending over, carrying anything, and activities
around the house. He could walk approximately 15 m without stopping. He had smoked
two packs of cigarettes per day for 30 years before dyspnoea, which led him to stop smok-
ing 10 years ago. He had 2–5 episodes of bronchitis per year and had been hospitalized
three times for acute exacerbations of his emphysema.

Tests confirmed that he had severe emphysema. His computed tomography (CT) scan
showed severe emphysema in the upper lobes bilaterally and much better parenchyma in the
lower lobes. A lung perfusion scan confirmed the heterogeneity. In some patients the CT scan
does not show heterogeneity, while the perfusion scan (particularly in the oblique and lateral
views) shows significant heterogeneity. His pulmonary function tests (PFTs) showed an FEV1
of 910 ml (32% predicted), total lung capacity (TLC) of 7.1 l (141% of predicted), a residual
volume (RV) of 5.9 l (267% of predicted), and DLCO of 34%. His 6-min walk was 120 m.

He had received maximal medical management that included inhalers, oxygen at night,
and prednisone for episodes of acute bronchitis. He completed a pulmonary rehabilitation
program that included education, upper body conditioning, and exercise on the treadmill.
He exercised daily on the treadmill for 30 min at 1 mile/h. The rehabilitation coordinator
confirmed that he was compliant and showed good effort. This is critical because non-
compliant patients have greater morbidity and mortality for LVRS, so they are turned down
for the procedure. PFTs after rehabilitation showed no change, while his 6-min walk test
increased to 132 m.

Because the patient was still severely limited after maximal medical management, he
underwent LVRS. The bilateral VATS procedure took 60 min. There were no adhesions on
either side and approximately 70% of the right upper lobe was resected and 60% of the upper
division was resected. He was extubated in the operating room. The patient had no air leaks
noted in the operating room, but the right side developed a small leak in the recovery room
and the left side developed a moderate sized leak. He was followed for 2 days in the inten-
sive care unit, where he received nebulizer treatment and was ambulated three times per day.

2 Clinical Challenges in COPD
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He was transferred to the ward on the third postoperative day. His right-sided air leak
resolved so the chest tubes on the right were removed on the fourth postoperative day.
Because he still had an air leak on the left, his chest tubes were disconnected from the chest
drainage system and connected to Heimlich valves. His postoperative course was otherwise
uneventful and he was discharged on the seventh postoperative day with a left chest tube
and Heimlich valve for a persistent air leak. The tube was removed when the patient
returned to the office 3 days later and was found to have no air leak. He continued in pul-
monary rehabilitation for the next month. His quality of life improved significantly. His post-
operative PFTs showed an FEV1 of 1350 ml (47% predicted), TLC of 5.59 l (111% of predicted),
an RV of 3.91 l (177% of predicted), and DLCO of 39%. His 6-min walk was 149 m.

DISCUSSION

Patient selection is the key to a successful result after LVRS. Only 10–20% of patients with
severe emphysema are potential candidates for LVRS. It is a palliative procedure, so the
patients must have symptoms that warrant the procedure. Table 1.1 shows the typical
pulmonary function for patients who undergo LVRS.

What is the importance of the preoperative pulmonary rehabilitation?
Rehabilitation provides only a small impact on quality of life and does not improve
pulmonary function, however it is important for patient selection and preparing the patient
for LVRS [14]. In the hospital after LVRS, the patient must work very hard at pulmonary toi-
let and ambulation to minimize complications. This is important for patient selection
because patients who show a strong effort in preoperative rehabilitation demonstrate that
they are adequately motivated to do well after LVRS. Achieving certain goals, such as the
ability to walk for 30 min without stopping on the treadmill also conditions patients to min-
imize complications after LVRS.

Can the lung function be too bad for LVRS?
Patients with an FEV1 � 20% or a DLCO � 20% predicted value have an increased risk of
mortality and a low chance of benefit from emphysema [8]. However, some patients with
those PFTs can still benefit from LVRS, especially if they have a strongly heterogeneous
pattern of emphysema [9].

Must patients have a heterogeneous pattern of emphysema?
The basic concept of LVRS is to resect areas of non-functioning lung to allow other areas to
function more effectively. By definition, that means a heterogeneous pattern of emphysema.

Improvement of symptoms in a 62-year-old COPD patient after LVRS 3

PFT Predicted value (%)

FEV1 �45
TLC �100 (mean � 143)
RV �200 (mean � 270)

FEV1 � forced expiratory volume in the first 
second; PFT � pulmonary function test;
RV � residual volume; TLC � total lung capacity.

Table 1.1 Typical PFTs for a candidates for LVRS
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The NETT identified the best patients for LVRS as those with a bilateral upper lobe pattern
of emphysema and poor exercise tolerance. They had improvement in exercise tolerance,
lung function, quality of life, and survival. Patients with either bilateral upper lobe emphy-
sema and better exercise tolerance or patients with poor exercise tolerance and no upper
lobe emphysema achieve better exercise tolerance, lung function, and quality of life, but not
longer survival. PFTs confirm that the patients have severe emphysema, but do not predict
heterogeneity, which is the most important selection factor. Gelb et al. [15] showed that only
30% of patients with FEV1 � 50% have severe emphysema scores on thin cut CT scans. Even
fewer patients have significant heterogeneity on thin slice CT scans. A complete evaluation
of the radiological pattern of emphysema requires a chest X-ray, CT scan and lung perfusion
scan. For an experienced observer, the chest X-ray shows the pattern of emphysema in most
patients [16]. The CT confirms this. There are a few patients with a strongly heterogeneous
pattern of emphysema that is apparent only on the perfusion scan, so this is an important
test [17].

What are other contraindications to LVRS?
Patients with conditions that would increase the risk for LVRS or would significantly
shorten the life expectancy of the patient have a relative contraindication for the procedure.
The NETT showed that older patients (�70 years), patients with FEV1 � 20%, DLCO � 20%
predicted value, and homogeneous disease have increased risk of mortality with little
chance of benefit. Some studies have reported that patients with poor lung function tests,
but with good target areas for LVRS had good results. Patients with shortened life expectan-
cies due to medical illnesses, such as cancer or heart disease, are not candidates. Depression
and anxiety interfere with postoperative compliance so those conditions must be assessed
preoperatively.

Is there a role for unilateral LVRS?
The intent of the operation is a bilateral staple procedure through either a median ster-
notomy or VATS. Occasionally, patients are only candidates for unilateral VATS because
they have had a resection on one side, pleural symphysis on one side, heterogeneous
emphysema on only one side, or if they develop a large air leak on the first side of an oper-
ation where a bilateral procedure was intended. If a large leak occurs on both sides, the
patients often have respiratory failure, require ventilation, and have a high mortality rate. In
general, a bilateral operation can be performed with the same morbidity, mortality, and
length of stay as a unilateral operation, but the improvement is considerably better after the
bilateral operation [5].

Are patients with a1 anti-trypsin deficiency candidates for LVRS?
Patients with �1 anti-trypsin deficiency can benefit from LVRS. Series have shown that the
improvement in FEV1 may not be as great, but the improvement in quality of life may be
significant [18]. It also appears that the duration of the benefit may not be as long as the
benefit for LVRS in smoking-related emphysema.

What is the postoperative course after LVRS?
The care of patients after LVRS can be challenging. There is a 5% hospital mortality rate.
Patients are usually extubated in the operating room. They are followed initially in the
intensive care unit. Aggressive pulmonary toilet with nebulizer treatments and chest phys-
ical therapy is critical. Broad-spectrum antibiotics are added if the patients show any signs
of increasing hypoxia or fever. Ninety percent of patients develop an air leak after LVRS.
Other complications are seen in Table 1.2 [10].

4 Clinical Challenges in COPD
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What about bronchoscopic LVRS?
Recently, in an effort to reduce the morbidity and mortality of LVRS, a variety of different
bronchoscopic procedures have been experimented to provide volume reduction [19, 20].
The hope is to develop a bronchoscopic procedure to induce atelectasis. The techniques
have included bronchial valves, bronchial blockers, and biologic glue to maintain atelect-
asis. The preliminary data with these procedures show some benefit, although the
improvement has not been as much as with LVRS. Another novel approach has been the
placement of a stent through fistulae created between the bronchus and areas of emphy-
sema. This bypasses the collapsed small airways and allows better air movement.
Unfortunately, while these stents initially work well, mucus and scars quickly close the stents
and make them non-functional. The future of LVRS may be with endobronchial approaches,
but the current prototypes do not work well enough to replace LVRS.

SUMMARY

LVRS is an exciting new treatment for patients with emphysema who are symptomatic
despite maximal medical management. The key to success after LVRS is proper patient
selection. The most important factor is a heterogeneous pattern of emphysema, usually in
the upper lobes. The NETT showed that LVRS, compared to medical management, provides
better quality of life, pulmonary function, exercise tolerance, and survival for patients with
upper lobe emphysema and poor exercise tolerance.

REFERENCES

1. Decramer M. Treatment of chronic respiratory failure: lung volume reduction surgery versus
rehabilitation. Eur Respir J 2003; 22:47S–56S.

2. Wakabayashi A. Unilateral thorascopic laser pneumoplasty of diffuse bullous emphysema. Chest Surg
Clin N Am 1995; 5:833–850

3. Cooper JD, Trulock EP, Triantafillou AN et al. Bilateral pneumectomy (volume reduction) for chronic
obstructive pulmonary disease. J Thorac Cardiovasc Surg 1995; 109:106–116.

4. McKenna R, Brenner M, Gelb AF et al. A randomized, prospective trial of stapled lung reduction
versus laser bullectomy for diffuse emphysema. J Thorac Cardiovasc Surg 1996; 111:310–322.

5. McKenna RJ Jr, Brenner M, Fischel RJ, Gelb AF. Should lung reduction surgery for emphysema be
unilateral or bilateral? J Thorac Cardiovasc Surg 1996; 112:1331–1339.

6. Gelb AF, Zamel N, McKenna RJ Jr, Brenner M. Mechanism for short-term improvement in lung
function after emphysema resection. Am J Respir Crit Care Med 1996; 154:945–951.

7. The National Emphysema Treatment Trial Research Group. Rationale and Design of the National
Emphysema Treatment Trial (NETT): A prospective randomized trial of lung volume reduction
surgery. J Cardiopulm Rehabil 2000; 20:24–36.

8. The National Emphysema Treatment Trial Research Group. Patients at high risk of mortality from lung
volume reduction surgery. New Engl J Med 2001; 345:1075–1083.

Improvement of symptoms in a 62-year-old COPD patient after LVRS 5

Complication Incidence (%)

None –
Air leak 90
Atrial fibrillation 3
Other arrhythmias 22
Tracheostomy 10
Pneumonia 20
Re-admission to intensive care 10

Table 1.2 Typical complications after LVRS

CC-COPD-CH01.qxd  1/6/07  3:47 PM  Page 5



9. National Emphysema Treatment Trial Research Group. A randomized trial comparing lung-volume-
reduction surgery with medical therapy for severe emphysema. N Engl J Med 2003; 348:2059–2073.

10. McKenna RJ Jr, Benditt JO, DeCamp M et al.; for the National Emphysema Treatment Trial (NETT)
Research Group. National Emphysema Treatment Trial: A comparison of median sternotomy versus
VATS for lung volume reduction surgery. J Thorac Cardiovasc Surg 2004; 127:1350–1360.

11. Criner GJ, Cordova FC, Furukawa S et al. Prospective randomized trial comparing bilateral lung
volume reduction surgery to pulmonary rehabilitation in severe chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 1999; 160:2018–2027.

12. Geddes D, Davis M, Koyoma H et al. Effect of lung volume reduction surgery in patients with
emphysema. N Engl J Med 2000; 343:239–245.

13. Pompeo E, Marino M, Nofroni I et al. Reduction pneumoplasty versus respiratory rehabilitation in
severe emphysema: a randomized study. Ann Thorac Surg 2000; 70:948–953.

14. McKenna RJ Jr, Brenner M, Singh N et al. Patient selection for lung volume reduction surgery. J Thorac
Cardiovasc Surg 1997; 114:957–967.

15. Gelb AF, Hogg JC, Muller NL et al. Contribution of emphysema and small airways in COPD. Chest
1996; 109:353–359.

16. Maki DD, Miller WT Jr, Aronchick JM et al. Advanced emphysema: preoperative chest radiographic
findings as predictors of outcome following lung volume reduction surgery. Radiology 1999; 212:49–55.

17. Jamadar DA, Kazerooni EA, Martinez FJ et al. Semi-quantitative ventilation/perfusion scintigraphy
and single-photon emission tomography for evaluation of lung volume reduction surgery candidates:
description and prediction of clinical outcome. Eur J Nucl Med 1999; 26:734–742.

18. Gelb AF, McKenna RJ Jr, Brenner M et al. Lung function after bilateral lower lobe lung volume
reduction surgery for alpha1-antitrypsin emphysema. Eur Respir J 1999; 14:928–933.

19. McKenna RJ Jr. Bronchial blockers for LVRS. J Bronchology (in press).
20. Wood D, McKenna RJ Jr. A pilot multi-center trial of the intrabronchial valve for treatment of severe

emphysema. Ann Thorac Surg (in press).

6 Clinical Challenges in COPD

CC-COPD-CH01.qxd  1/6/07  3:47 PM  Page 6


	Contents
	Editors and Contributors

	Preface
	1. Improvement of symptoms in a 62-year-old COPD patient after lung volume reduction surgery



