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Introduction

Emphysema is characterized by the destruction of
alveolar walls and an abnormal, irreversible increase in
the size of alveolar spaces that lead to hyperinflation,
loss of lung elasticity, and reduced expiratory flow. As a
consequence of such morphological changes in the
lung, structural changes also occur in the chest wall,
particularly in respiratory muscles.

The diaphragm, the main respiratory muscle, is
flattened, its dome descending so that fibers become
shortened. The diaphragm is then less able to generate
tension, such that the metabolic requirements are
greater for a given workload.

Alterations are found not only in respiratory muscles
of patients with emphysema: peripheral muscles also
undergo functional changes. This has been defined as the
systemic myopathy of chronic obstructive pulmonary
disease.1 These muscle alterations are attributed to
multifactorial causes (mechanical overload, nutritional
changes, hypoxemia, pharmacological effects, etc).2

In patients with emphysema, respiratory and peripheral
muscle changes play a large role in most symptoms, such
as weakness, pain, and fatigue.3-5 This is partly shown by
the low correlation between lung function and exercise
capacity,6 quality of life,7 prediction of severe
exacerbations,8 or patient survival.9,10 In addition, the
functional improvement attained with medication is not
accompanied by significant improvement in exercise
capacity,11 and improved walking test performance
observed after lung transplantation is very similar for
single- or double-lung transplants, in spite of the superior
function afforded by a double-lung transplant.1,12

In the presence of severe lung distension, thoracic
cage deformation and morphological changes of the
diaphragm occurring in very advanced stages of

emphysema, lung volume reduction surgery (LVRS)
can be considered with the object of reducing lung
distensibility, improving elastic lung forces,13

recovering the optimal position of the diaphragm, and
improving the position of intercostal muscles to
increase inspiratory pressures.14 The contribution of
abdominal muscles is also increased.15

Pathophysiological Changes After LVRS

LVRS removes clearly destroyed areas of the
pulmonary parenchyma, so that residual volume (RV)
and total lung capacity (TLC) decrease while vital
capacity and forced expiratory volume in 1 second
(FEV1) increase.

These changes in lung mechanics are caused by the
increase in elastic lung forces13,17,18 that oppose the
expansive force of the chest wall, so that the tendency to
overdistension of the chest is reduced and the dome of
the diaphragm is raised (Figure 1), the zone of apposition
to the rib cage increases,19 as do expiratory flow and
inspiratory conductance of the airway; traction force
around the airway also improves.13,20-22

These pathophysiological changes in the respiratory
system lead to an improvement in dyspnea and exercise
capacity.23 Respiratory mechanics improve when the
diaphragmatic function is enhanced and every
inspiratory muscle is recruited, both when the subject is
at rest and exercising. This improvement in exercise
capacity brings about the reduction in respiratory work
and the increase in maximum voluntary ventilation
observed after LVRS.14

LVRS improves the overall strength of inspiratory
muscles, increasing inspiratory muscle and trans
diaphragmatic pressures.13,24-27 The improvement in
diaphragmatic function can be partly explained because
the remodeling of the thoracic cage—which causes a
reduction in its anteroposterior and transversal
diameters—increases the length of the diaphragm, its
vertical zone, and the zone of apposition to the rib cage.
Remodeling also raises the dome.
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Moreover, LVRS not only acts by modifying
respiratory muscles, but may also cause certain changes
in peripheral muscles, which are also affected in
patients with emphysema. Peripheral muscle function
improves when the blood supply needed by respiratory
muscles decreases and oxygen transport is enhanced.28

This may partly explain the improvement observed in
the walking test performance of patients who have
undergone LVRS, even though FEV1 improves only
slightly.29

Outcome of Surgery

After more than 8 years of experience with LVRS,
questions about its usefulness remain and the variables
that best demonstrate the procedure’s success (FEV1,
dyspnea, walking test, etc) have not been agreed upon.
Nor is there unanimity on the morphological or
pathophysiological variables that should be used to
select the most appropriate candidates, or the degree of
improvement that should be expected for each analyzed
variable in order to define success or failure of the
treatment.

The first reports of studies with short-term follow up
observed an increase in FEV1 from 20% to 70%,
depending on surgical technique and patient charac-
teristics.30-34 The improvement in FEV1 was accompanied
by an increase in exercise tolerance and by reduced TLC
and RV (Table).

In our hospital, 20 patients who had surgery between
1996 and 2000 showed a significant increase in FEV1

(from 86 to 871 mL) (Figure 2). The increase of more
than 200 mL was reached in 56% of patients who had
surgery and was maintained for two years in 30% of the
cases.35 There was a significant improvement in dyspnea
(7±1 vs 3.2±1; P<.005) and the walking test (238±70 vs
346±62 m; P<.01) in the year of surgery. Generally, lung
function reaches a maximum value between 3 and 6
months after surgery but then decreases over time.

Long-term follow-up studies have confirmed the
clinical and functional benefits of LVRS observed
during the first 6 months, in spite of later deterioration
of lung function.29,36-38 In one third of the cases,
functional improvement is maintained beyond 4 years
after surgery; in patients with functional decline, the
improvement attained in some series with the walking
test is maintained and even increases over time29

(Figure 3).This data supports the hypothesis that LVRS
has positive effects on overall muscle function of
emphysematous patients and that these effects last more
than those on the lung itself. 
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Figure 1. LVRS reestablishes the position of the diaphragmatic dome,
which becomes lower in patients with emphysema.

Figure 2. Results of LVRS in Clínica Puerta de Hierro in Madrid.
Evolution of forced expiratory volume in 1 second (FEV1) in each patient
who had surgery. Mean increase in FEV1: 41%. Increases between 86 and
871 mL.
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TABLE
Short-Term Results of Lung Volume Reduction Surgery*

Series Number of Procedures Surgery Emphysema ∆FEV1 ∆6Wtest Dyspnea Pre/Post

Cooper, 1995 150 Bilateral sternotomy Heterogenous 43% 19% 2,8/1,2
Brenner, 1999 145 Bilateral VATS Heterogenous 66% – 3,0/1,3
Miller, 1996 53 Bilateral sternotomy Heterogenous 43% 32% –

Homogenous
Wakabayshy, 1995 96 Unilateral VATS – 31% – –
McKennan, 1996 87 Unilateral VATS Heterogenous 31% 20% 2,9/1,9

79 Bilateral VATS Heterogenous 57% 35%

*VATS indicates video-assisted thoracoscopic surgery; 6Wtest, 6-minute walking test; pre/post, preoperative/postoperative; FEV1, forced expiratory volume in 1 second.



Although no properly designed randomized trials
have been published comparing LVRS with medical
treatment and respiratory muscle training—so we
cannot say that there is complete evidence in support of
LVRS—trials comparing patients with emphysema
under medical treatment and patients with emphysema
undergoing surgery have been published. In patients
who had surgery, significant improvements in FEV1

(between 23% and 53%), exercise tolerance, intensity
of dyspnea and quality of life were observed, though it
should be taken into account that these studies enrolled
small numbers of patients and that follow up was short-
term (less than 12 months).40-42

The detailed analysis on the functioning of respiratory
muscles in patients with emphysema undergoing LVRS
shows that esophageal and gastric pressures have been
reduced, both at rest and exercising, three months after
surgery.14 Inspiratory muscle pressure and trans
diaphragmatic pressure increase after LVRS, if
compared to the values measured at the end of the
rehabilitation program.18,26 The observed improvement
in respiratory muscle function is greater when exercising
than at rest.18 Both the length of the diaphragm and the
capacity to generate transdiaphragmatic pressure are
reduced in patients with emphysema, in comparison
with normal subjects. After LVRS, normal values are
recovered when functional residual capacity is
determined, though the TLC remains low according to
Bellemare et al.43 Those same authors noted that the
structural changes that LVRS produces in the chest
cavity only affect the length of the diaphragm, not the
position of the rib cage or the dimensions of the thorax.
This indicates that surgical treatment brings about an
adaptation of the diaphragm which improves its ability
to contract, possibly because of changes in sarcomeres,
as demonstrated in the first experimental studies on
animals, in which LVRS increased the number of
sarcomeres in the diaphragm.44

Measured changes in muscle function are related to
clinical changes observed after LVRS. The improvement
in dyspnea correlates with the decrease in the
esophageal pressure.18 In a multiple regression analysis,
increased inspiratory muscle pressure is the parameter
that correlates best with reduced RV. A correlation
between the reduction in VR and TLC and the increase
in diaphragm length has also been observed, mainly in
the zone of apposition to the rib cage.45

Together, these observations indicate that LVRS
leads to better recruitment of inspiratory muscles,
especially of the diaphragm. More optimal respiratory
muscle functioning could explain the improvement in
dyspnea and exercise capacity of patients who have had
surgery, in spite of the small change observed in
expiratory flow. However, all studies on muscle
function enroll small patient groups and have only
short-term follow up, so it is not yet known whether or
not these changes are maintained over time.

Studies on quality of life show an improvement of the
various aspects analyzed in the questionnaires used.46,47

Although respiratory muscle training carried out before
surgery produces physical improvements, surgery itself
brings about improvements in psychological aspects and
vitality as well.48 Leyerson et al49 observed that the
improvement in quality of life correlated with a
reduction in the RV/TLC ratio, increased oxygen uptake,
and reduced use of corticosteroids.

Surgical teams with extensive experience of LVRS,
having carried out more than 100 procedures, present an
operative mortality between 0% and 8%, mainly due to
respiratory failure, surgical bleeding, and persistent air
leaks. The largest series that has been published
reported a 1-year survival of 96%, a 2-year survival of
81%, a 3-year survival of 69%, a 4-year survival of
54%, and a 5-year survival of 42%.38 Most of these
long-term deaths are caused by respiratory failure due
to the progression of the emphysema.
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Figure 3. Forced expiratory volume in 1 second (FEV1) and walking test results after LVRS. Postoperative walking test performance improves over the
long term in spite of the detected deterioration in lung function (from Flaherty et al).29
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Predicting Response to Treatment

Functional improvement attained with LVRS varies
highly from patient to patient, so researchers have looked
at various selection criteria that might predict a
candidate’s response to surgery. When analyzing
morphological criteria, a positive correlation has been
observed between the heterogenicity of the emphysema
and its predominance in the superior lobes on the one
hand and functional improvement and improved walking
test performance on the other.50,52 Nevertheless,
morphological variables have scarce negative predictive
value (63%) for functional improvement, and following
those findings surgery in all patients with homogeneous
emphysema would be ruled out.29 Another problem for
selecting candidates is the methodology used to classify
and quantify the heterogenicity of the emphysema. While
some groups use pulmonary scintigraphy for visual
inspection or apply ratios between apical and basal
perfusion scans, other groups measure heterogenicity by
high resolution computed axial tomography.52,53

Certain functional criteria, such as inspiratory
resistance and inspiratory conductivity, have been related
to greater postoperative increase in FEV1. However, it
seems that the combination of morphological and
functional criteria would better predict response to
treatment. Thus, Ingenito et al54 observed that by
combining a heterogenicity score measured by perfusion
scanning and a score for airway conductivity, they were
able to select a subgroup of patients with homogeneous
emphysema and little intrinsic airway involvement
(measured by inspiratory resistance <10 cm H2O/L/s)
who would experience benefit from surgery similar to that
observed in patients with heterogenous emphysema.

The initial analysis of the National Emphysema
Treatment Trial (NETT) comparing medical treatment
and respiratory muscle training in patients with
emphysema who had undergone LVRS has identified a
group of patients whose improvement is negligible and
whose operative mortality is high (16%). Criteria that
correlate with high surgical risk are a FEV1 less than
20% associated with carbon monoxide diffusion less
than 20% and/or homogeneous emphysema.56 Poor
carbon monoxide diffusion was already identified as a
risk factor based on previous publications,57,58 but its role
could not be confirmed in all cases.58-60 What is clear
from these publications is that not all patients with
emphysema have the same response to LVRS, as
reflected in differences in operative mortality and
clinical and functional improvement. 

Conclusion

To conclude this analysis on LVRS in patients with
emphysema, we can affirm that this surgical technique
should be considered a therapeutic option for some
patients with severe emphysema and a markedly
diminished quality of life and exercise tolerance.

One of the main aspects to bear in mind is the degree
of lung inflation that impairs the contraction of the
diaphragm. After surgery, the patient’s lung function
and general muscle function improve as inspiratory
muscle recruitment increases. Measured changes of
muscle function correlate with observed changes in
ventilatory mechanics and exercise capacity.

LVRS benefits some patients with severe emphysema
not only by reducing the most damaged parts of the lung
but also by globally improving respiratory system
physiology, ventilatory mechanics, and muscle function.

It remains to be specified how patients should be
selected to guarantee the optimal, lasting physiological
changes that mean longer-lasting clinical improvement.

REFERENCES

1. American Thoracic Society/European Respiratory Society.
Skeletal muscle dysfunction in chronic obstructive pulmonary
disease. A statement of the American Thoracic Society and
European Respiratory Society. Am J Respir Crit Care Med 1999;
159:S1-S40.

2. Gladiz Iturri JB. Función de los músculos respiratorios en la
EPOC. Arch Bronconeumol 2000;36:275-85.

3. Killiam KJ, Leblanc P, Martin DH, Summers E, Jones NL, Camp-
bel EJM. Exercise capacity and ventilatory, circulatory, and
symptom limitation in patients with chronic airflow limitation.
Am Rev Respir Dis 1992;146:935-40.

4. Mador MJT, Kufel TJ, Pineda L. Quadriceps fatigue after cycle
exercise in patients with chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 2000;161;447-53.

5. Rabinovich R, Vilaró J, Roca J. Papel de los músculos periféricos
en la tolerancia al ejercicio de lo pacientes con enfermedad pul-
monar obstructiva crónica. Arch Bronconeumol 2001;3:135-41.

6. Wasserman K, Sue DY, Casaburi R, Moricca R. Selection criteria
for exercise training in pulmonary rehabilitation. Eur Respir J
1989; 7(Suppl):604-10. 

7. Joones PW, Quirk FH, Babeystock CM, Littlejones P. A self-
complete measure of health status for chronic airflow limitation.
Am Rev Respir Dis 1992;145:1321-7.

8. Kessler R, Faller M, Fourgaut G, Mennecier B, Weintzenblum E.
Predictive factors of hospitalization for acute exacerbation in a
series of 64 patients with chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 1999;159:158-64.

9. Decramer M, Gosselink R, Troosters T, Schepers R. Peripheral
muscle weakness is associated with reduced survival in COPD.
Am J Respir Crit Care Med 1998;157:A19.

10. Resnikoff PM, Prewitt LM, Kaplan RM, Ries A. Determinants of
ten-year survival in COPD. Am J Respir Crit Care Med 1998;
157:A19.

11. Grove A, Lipworth BJ, Reid P, Smith RP, Ingram CG, Jemkins
RJ, et al. Effects of regular salmeterol on lung function and
exercise capacity in patients with chronic obstructive pulmonary
disease. Thorax 1996;51:686-93.

12. García Gómez O, Ramos Solchaga M, De Pablo Gafas A, Varela
de Ugarte A, Gónzalez López S, Fuentes Cuenca S. Resultados
funcionales del trasplante pulmonar en nuestro grupo. Unilateral
versus bilateral. Arch Bronconeumol 2001;37(Supl 1):138.

13. Sciurba FC, Rogers RM, Keenan RJ, Slivka WA, Gorcsan J,
Ferson PF, et al. Improvement in pulmonary function and elastic
recoil after lung-reduction surgery for diffuse emphysema. N Engl
J Med 1996;334:1095-9.

14. Benditt JO, Wood DE, McCool FD, Lewis S, Albert RK. Changes
in breathing and ventilatory muscle recruitment patterns induced
by lung volume reduction surgery. Am J Respir Crit Care Med
1997;155:279-84.

15. Bloch KE, Zhang Y Li J, Bigisser R, Kaplan V, Weder W, Russi
EW. Effect of surgical lung volume reduction on breathing pattern
in severe pulmonary emphysema. Am J Respir Crit Care Med
1997; 156:553-60.

16. Fessler HE, Permutt S. Lung volume reduction surgery and air
flow limitation. Am J Respir Crit Care Med 1998;157:715-22. 

DE PABLO A, ET AL. PATHOPHYSIOLOGICAL CONSEQUENCES OF LUNG VOLUME REDUCTION SURGERY 
IN PATIENTS WITH EMPHYSEMA

00 Arch Bronconeumol 2003;39(10):464-8 467



17. Gelb AF, Brenner M, McKenna RJ. Lung function 12 months
following emphysema resection. Chest 1996;110:1407-15.

18. Martínez FJ, Montes de la Oca M, Whyte RI, Stetz J, Gay SE,
Celli BR. Lung volume reduction surgery improve dyspnea,
dynamic hyperinflation, and respiratory muscle function. Am J
Respir Crit Care Med 1997;155:1984-90.

19. Cassart M, Hamacher J, Verbandt Y, Wildermuth S, Ritscher D,
Russi EW, et al. Effects of lung volume reduction surgery for
emphysema on diaphragm dimensions and configuration. Am J
Respir Crit Care Med 2001;163:1171-5.

20. Gelb AF, Zamel N, McKenna RJ, Brenner M. Mechanism of
short-term improvement in lung function after emphysema
resection. Am J Respir Crit Care Med 1996;154:945-51.

21. Gelb AF, McKenna RJ, Brenner M, Fischel R, Baydur A, Zamel
N. Contribution of lung and chest wall mechanics following
emphysema resection. Chest 1996;110:11-7.

22. Gelb AF, Brenner M, McKenna RJ, Fischel R, Zamel N, Schein MJ.
Serial lung function and elastic recoil 2 years after lung volume
reduction surgery for emphysema. Chest 1998;113:1497-506.

23. Ferguson GT, Fernández E, Zamora MR, Pomeranz M, Buchholz
J, Make BJ. Improved exercise performance following lung
volume reduction surgery for emphysema. Am J Respir Crit Care
Med 1998;157:1195-203.

24. O’Donnell DE, Webb KA, Bertley JC, Chau LKL, Conlan AA.
Mechanisms of relief of exertional breathlessness following
unilateral bullectomy and lung volume reduction surgery in
enphysema. Chest 1996;110:18-27.

25. Teschler H, Stamatis G, El-Raouf Farhat AA, Meyer FJ, Costabel
U, Konietzko N. Effect of surgical lung volume reduction on
respiratory muscle function in pulmonary emphysema. Eur Respir
J 1996;9:1779-84.

26. Criner G, Cordova FC, Leyerson V, Roy B, Travaline J, Sudars-
han S, et al. Effect of lung volume reduction surgery on diaphragm
strength. Am J Respir Crit Care Med 1998;157:1578-85.

27. Tschernko EM, Wisser W, Wanke T, Rajek MA, Kritzinger M,
Lahrmann H, et al. Changes in ventilatory mechanics and diaphragm
function after lung volume reduction surgery in patients with COPD.
Thorax 1997;52:545-50.

28. Harms CA, Babcock SR, McClaran SR, Pegelow DF, Nickele
GA, Nelson WB, et al. J Appl Physiol 1997;82:1573-83.

29. Flaherty K, Kazerooni E, Curtis J, Iannettoni M, Lange L, Schork
MA, et al. Short-term and long-term outcomes after bilateral lung
volume reduction surgery. Chest 2001; 119:1337-46.

30. Brenner M, McKenna RJ, Chen J, Osann K, Powell L, Gelb A, et
al. Survival following bilateral staple lung volume reduction
surgery for emphysema. Chest 1999; 115:390-6.

31. Cooper JD, Patterson GA. Results of 150 consecutive bilateral
lung volume reduction procedures in patients with severe
emphysema. J Thorac Cardiovasc Surg 1996;112:1319-30.

32. Miller JI, Lee RB, Mansour KA. Lung volume reduction surgery:
lessons learned. Ann Thorac Surg 1996;61:1464-9.

33. Wakabayasi A. Thoracoscopic laser pneumoplasty in the treatment
of diffuse bullous emphysema. Ann Thorac Surg 1995;60:936-42.

34. McKennan RJ, Brenner M, Fischel RJ. Should lung volume
reduction surgery be unilateral or bilateral? J Thorac Cardiovasc
Surg 1996;112:561-6.

35. De Pablo A, Gámez P, Ussetti P, Varela A, Melero D, Gonzaléz C,
et al. Análisis de nuestros resultados en cirugía de reducción de
volumen pulmonar en el enfisema. Rev Patol Respir 2002;5:141-7.

36. Hamacher J, Bloch KE, Stammberger U, Schmid R, Laube I,
Russi EW, et al. Two years’ outcome of lung volume reduction
surgery in different morphologic emphysema types. Ann Thorac
Surg 1999;68:1792-8.

37. Gelb AF, McKenna RJ, Brenner M, Schein MJ, Zamel N, Fischel
R. Lung function 4 years after lung volume reduction surgery for
emphysema. Chest 1999;116:1608-15.

38. Gelb AF, McKenna RJ, Brenner M, Epstein JD, Zamel N. Lung
function 5 years after lung volume reduction surgery for
emphysema. Am J Respir Crit Care Med 2001;163:1562-6.

39. Hensley M, Coughlon JL, Davies HR, Gibson P. Lung volume
reduction surgery for diffuse emphysema (Cochrane Review). In:
The Cochrane Library Issue 4, 2002 Oxford. Update Software.

40. Meyers BF, Yusen RD, Lefrak SS, Patterson GA, Pohl MS,
Richardson VJ, et al. Outcome of medicare patients with emphy-
sema selected for, but denied, a lung volume reduction operation.
Ann Thorac Surg 1998;66:331-6.

41. Wilkens H, Demertzis S, König J, Leitnaker CK, Schäfers HJ,
Sybrecht GW. Lung volume reduction surgery versus conservative
treatment in severe emphysema. Eur Respir J 2000;16:1043-9.

42. Geddes D, Davies M, Koyama H, Hansell D, Pastorino U, Pepper
J, et al. Effect of lung-volume-reduction surgery in patients with
severe emphysema. N Engl J Med 2000; 343:239-45.

43. Bellemare F, Cordeau MP, Couture J, Lafontaine E, Leblanc P,
Passerini L. Effects of emphysema and lung volume reduction
surgery on transdiaphragmtic pressure and diafragm length. Chest
2002;121:1898-910.

44. Shager J, Kim DK, Hashmi Y, Stedman H, Zhu J, Kaiser L, et al.
Sarcomeres are added in series to emphysematous rat diafragm
after lung volume reduction surgery. Chest 2002;121:210-5.

45. Lando Y, Boiselle PM, Shade D, Furukawa S, Kuzma AM,
Travaline JM, et al. Effect of lung volume reduction surgery on
length of the diaphragm in severe chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 1999;159:796-805.

46. Cooper JD, Trulock EP, Triantafillou AN. Bilateral pneumonectomy
(volume reduction) for chronic obstructive pulmonary disease. J
Thorac Cardiovasc Surg 1995;109:106-19.

47. Cordova F, O’Brien G, Furukawa S. Stability of improvements in
exercise performance and quality of life following bilateral lung
volumen reduction surgery in severe COPD. Chest 1997;112:
907-15.

48. Moy M, Ingenito E, Mentzer S, Evans R, Reilly J. Health related
quality of life improves following pulmonary rehabilitation and
lung volumen reduction surgery. Chest 1999;115:383-9.

49. Leyerson V, Furukawa S, Kuzma AM, Cordova F, Travaline J,
Criner G. Correlation of changes in quality of life after lung
volumen reduction surgery with changes in lung function,
exercise, and gas exchange. Chest 2000;118:728-35.

50. Fujita RA, Barnes GB. Morbidity and mortality after
thoracoscopie pneumonoplasty. Ann Thorac Surg 1996;62:251-7.

51. Wisser W, Senbaklavaci Ö, Özpeker C, Ploner M, Wanke T,
Tschernko E, et al. Is long-term functional outcome after lung
volume reduction surgery predictable? Eur J Cardiothorac Surg
2000; 17:666-72.

52. Pompeo E, Sergiacomi G, Nofroni I, Roscetti W, Simonetti G,
Mineo TC. Morphologic grading of emphysema is useful in the
selection of candidates for unilateral or bilateral reduction
pneumoplasty. Eur J Cardio-thorac Surg 2000;17:680-6.

53. Rogers R, Coxson H, Sciurba F, Keenan R, Whitall K, Hogg J.
Preoperative severity of emphysema predictive of improvement
after lung volumen reduction surgery use of CT morphometry.
Chest 2000; 118:1240-7.

54. Cederlund K, Tylén U, Jorfeldt L, Aspelin P. Classification of
emphysema in candidates for lung volume reduction surgery. A
new objective and surgically oriented model for describing CT
severity and heterogeneity. Chest 2002;122:590-6.

55. Ingenito E, Loring S, Moy M, Mentzer S, Swanson S, Hunsaker
A, et al. Comparison of physiological and radiological screening
for lung volume reduction surgery. Am J Respir Crit Care Med
2001; 163:1068-73.

56. National Emphysema Treatment Trial Research Group. Patients at
high risk of death after lung volume reduction surgery. N Engl J
Med 2001;345:1075-83.

57. Hazelrigg S, Boley T, Henkle J. Thorascocopic laser bullectomy:
a prospective study with three month results. J Thorac Cardiovasc
Surg 1996;112:319-26.

58. Chatila W, Furukawa S, Criner GJ. Acute respiratory failure after
lung volume reduction surgery. Am J Respir Crit Care Med 2000;
162:1292-6.

59. Glaspole IN, Gabbay E, Smith JA, Rabinov M, Snell GI.
Predictors of perioperative morbidity and mortality in lung
volume reduction surgery. Ann Thorac Surg 2000;69:1711-6.

60. Naunheim KS, Hazelrigg SR, Kaiser LR. Risk analysis for
thoracoscopic lung volume reduction: a multi-institutional
experience. Eur J Cardiothorac Surg 2000;17:673-9.

DE PABLO A, ET AL. PATHOPHYSIOLOGICAL CONSEQUENCES OF LUNG VOLUME REDUCTION SURGERY 
IN PATIENTS WITH EMPHYSEMA

468 Arch Bronconeumol 2003;39(10):464-8


