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Lung transplantation for chronic
obstructive pulmonary disease: an
exercise in quality rather than quantity?

Paul A Corris

Department of Respiratory Medicine, William Leech Centre for Lung Research,

Freeman Hospital and University of Newcastle upon Tyne, Newcastle upon Tyne,

UK

Introductory article

Effect of diagnosis on survival benefit of lung transplantation for end-stage lung

disease
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Background. Although certain forms of end-stage lung disease are debilitating, whether the associated
mortality rate exceeds that of transplantation is unclear. We undertook analysis to clarify the surviva
benefit of lung transplantation for various types of end-stage lung disease. Methods. We analysed
data for all patients listed for transplantation in the USA for emphysema, cystic fibrosis, or interstitia
pulmonary fibrosis in the years 1992–94. The numbers of patients entered on the waiting list, post-
transplantation, died waiting, and currently waiting were: emphysema group 1274, 843, 143, and 165;
cystic fibrosis group 664, 318, 193, and 59; interstitial pulmonary fibrosis group 481, 230, 160, and 48
A time-dependent non-proportional hazard analysis was used to assess the risk of mortality after
transplantation relative to that for patients on the waiting list. Findings. The clearest survival benefit
from lung transplantation occurred in the cystic fibrosis group. The relative risks of transplantation
compared with waiting were 0.87, 0.61, and 0.61 at 1 month, 6 months, and 1 year (p=0.008),
respectively. For interstitial pulmonary fibrosis, the corresponding relative risks were 2.09, 0.71, and
0.67 (p=0.09). No survival benefit was apparent in the emphysema group. The risks of transplantation
relative to waiting were 2.76, 1.12, and 1.10 at 1 month, 6 months, and 1 year, respectively, and the
relative risk did not decrease to below 1.0 during 2 years of follow-up. Interpretation. These findings
suggest that lung transplantation does not confer a survival benefit in patients with end-stage
emphysema by 2 years of follow-up. Other benefits not accounted for in this analysis such as improved
quality of life, however, may justify lung transplantation for these patients. (Lancet 1998;351:24–7)

Lung transplantation has evolved from heart lung cular diseases include primary pulmonary hypertension
pulmonary hypertension secondary to systemic diseasetransplantation1 and now comprises single,2 3 bilateral

single,4 5 and lobar transplantation.6 Lung trans- and Eisenmenger’s syndrome. Restrictive pulmonary
diseases include idiopathic pulmonary fibrosis, fibrosisplantation is now an appropriate treatment for selected

individuals who have end stage lung disease un- secondary to connective tissue disease, sarcoidosis, and
chronic allergic alveolitis. Obstructive diseases includeresponsive to medical treatment, resulting in progressive

clinical deterioration. A recent publication endorsed by emphysema with or without a1-antitrypsin deficiency
Langerhan’s cell granulomatosis, and lymphangioleio-the International Society for Heart and Lung Trans-

plantation, the American Thoracic Society, the Euro- myomatosis. Suppurative diseases include cystic fibrosis
and bronchiectasis. It is appropriate to consider trans-pean Respiratory Society, and the American Society

of Transplant Physicians has produced international plantation as an option when a patient’s condition has
deteriorated despite optimal medical treatment so thatconsensus guidelines on patient selection and evaluation

for these procedures.7 The diseases amenable to the the patient’s functional status is poor and less than New
York Heart Association class III with an estimated lifetherapeutic option of lung transplantation can be divided

into four main categories—namely, pulmonary vascular expectancy limited to 1–2 years. The timing of referra
for consideration of transplantation is not based on anydisease, restrictive pulmonary disease, obstructive air-

way disease, and suppurative disease. Pulmonary vas- one factor but on a constellation of symptoms, physica
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and laboratory findings. Knowledge of the natural his- to determine which factors influence the survival o
patients with emphysema. Risk factors initially believedtory of each of the diseases amenable to transplantation

assists in determining the appropriate time for referral to be important by some authors have subsequently
been shown to be relatively unimportant by othersand acceptance onto a waiting list. The introductory

article by Hosenpud and colleagues8 compares survival Indeed, many papers have been published showing
considerable differences in five and 10 year survival forin patients waiting on active transplantation lists with

those undergoing transplantation over a two year period such patients. With these provisos in mind, this section
will review the data from many studies in an attemptof follow up, stratified for underlying cause of end stage

lung disease, and will now be reviewed. to clarify which factors are most important in de-
termining how long patients with COPD and em-
physema live. One of the problems in comparing such
studies relates to the characteristics of patients includedIntroductory article

Hosenpud and colleagues undertook analysis of data on and whether the predominant pathological abnormality
for the airflow obstruction was chronic obstructive bron-the joint United Network for Organ Sharing/Inter-

national Society of Heart and Lung Transplantation chitis or emphysema. Initial landmark studies by Bur-
rows and colleagues14 showed that ventilatory capacityThoracic Registry. The aim was to clarify the actual

survival benefit of lung transplantation in patients with resting heart rate, hypercarbia, and evidence of cor
pulmonale were most predictive of survival. It was alsocystic fibrosis, idiopathic pulmonary fibrosis, and em-

physema. Using a time dependent non-proportional noted that patients with a body weight close to ideal had
a better survival than did those who were underweighthazard analysis9 the risk of mortality after transplantation

relative to that in patients on the waiting list was as- Subsequently, a number of authors have identified
numerous positive and negative practices relating tosessed. This analysis assumed there was a constant

death rate on the waiting list as has been demonstrated survival. The presence and high value of the following
factors confer survival advantage: forced expiratory vol-in patients on renal dialysis awaiting cadaveric renal

transplantation.10 However, since no peer reviewed data ume in one second (FEV1), arterial oxygen pressure
(Pa2), degree of reversibility of FEV1, exercise capacityon waiting list mortality is available for patients awaiting

lung transplantation, this model may not be appropriate. transfer factor, vital capacity, and atopy. On the other
hand, the presence and high value of the followingThe data suggested a survival benefit following lung

transplantation for patients with cystic fibrosis and idio- factors confer survival disadvantage: age, decline in
FEV1 on serial testing, resting heart rate, arterial carbonpathic pulmonary fibrosis. By contrast, in patients with

emphysema the mortality rate on the waiting list was dioxide pressure (Pa2), cor pulmonale, malnutrition
and a1-antitrypsin deficiency.low so survival following transplantation did not exceed

waiting list survival during the two year follow up.
Some caution is needed over the interpretation of these
findings. Firstly, because the data were derived from  

The initial level of FEV1 has been identified as the singlemany centres prior to publication of international guide-
lines, the participating centres were unlikely to have a most important predictor of survival, with the rate o

decline in FEV1 on serial testing enhancing the pre-uniform listing policy for all patients. Moreover, some
centres employ a policy of listing patients at an earlier diction of outcome. In the normal ageing population

the FEV1 decreases by 20–30 ml each year, whereas instage in the development of severe lung dysfunction
given the long waiting time for lung transplant emphysema and COPD decreases of 40–80 ml/year have

been reported.15 Smokers who continue to smoke havecandidates.11 12 This practice clearly biases the analysis
towards waiting list survival. The data presented se- a more rapid decline. If the results of studies in patients

whose mean FEV1 at presentation was around 30% olectively report the experience in the USA where waiting
time is an important determinant of organ allocation predicted are pooled,16 17 mean survival rates at three

five, and 10 years are 69%, 52%, and 27%, respectivelywhich encourages larger transplant centres to list
patients early. In fairness, however, the Dutch lung Important, however, is the wide variability in surviva

seen in individual patients presenting with similar resultstransplant group13 have also published data dem-
onstrating no difference in survival in patients with of lung function. The study by Anthonisen et al16 showed

that other physiological factors which had a minoremphysema who were transplanted compared with those
remaining on the waiting list, although this study was adverse effect on survival included a lower transfer

factor, higher functional residual capacity, and higherunderpowered to derive a clear conclusion. A second
concern arises if the reader assumes that analysis of total lung capacity.
group mean data means that no patient with emphysema
will benefit in terms of survival following lung trans-
plantation. It is clear that patients with emphysema ,  ,  

who are hypoxaemic, hypercapnic, underweight, with
pulmonary hypertension and a history of previous in- Hypoxaemia and the onset of cor pulmonale have been

shown to be important predictors of survival by manytubation for an episode of severe type II respiratory
failure complicating an exacerbation have a very differ- investigators. The NIH nocturnal oxygen therapy tria

(NOTT) and Medical Research Council (MRC) triaent prognosis when compared with a disabled but stable
patient. It is worth reviewing indicators for prognosis showed that long term oxygen therapy clearly improved

survival.18–20 In the NOTT study, patients with COPDin chronic obstructive pulmonary disease (COPD) and
current approaches regarding transplantation for this and functional characteristics including mean FEV1 o

29% predicted, Pa2 of 6.8 kPa, and Pa2 of 5.7 kPacondition in order to put the introductory article in
perspective. had a two year survival of 59% without supplementa

oxygen, 59.2% with nocturnal oxygen, and 88% with
continuous oxygen (average 19 hours of oxygen ther-
apy). In the MRC trial patients with COPD withPredictors of survival

Over the last 40 years many investigators have attempted functional characteristics including a mean FEV1 o
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0.65 litres, mean Pa2 of 6.8 kPa, and Pa2 of 7.2 kPa Results of transplantation for COPD
Lung transplantation remains an appropriate con-had a mean survival of 25% if they received no sup-

plemental oxygen and 41% in those receiving oxygen. sideration for individuals who have end stage em-
physema and who show a progressive deterioration inSurvival advantage is only seen in those patients who

cease smoking and this in itself has been shown to quality of life and exercise tolerance. The successfu
introduction of volume reduction surgery and carefuinfluence survival in patients with emphysema including

those who have already developed airflow obstruction.17 selection of patients has added an alternative surgica
treatment option to lung transplantation patients withContinued smoking carries a particularly bad prognosis

in patients with COPD who have homozygous a1-anti- severe diffuse emphysema. The criteria for lung re-
duction surgery continues to evolve although it is cleartrypsin deficiency.21

that all patients should have ceased smoking and have
a marked disability despite completing a comprehensive
pulmonary rehabilitation programme. All patients 

The prognosis in patients with emphysema has been should have considerable airflow obstruction with an
FEV1 of less than 35% predicted and marked thoracicreported to be related to nutritional status.22 The re-

lationship is independent of FEV1 and the lower the hyperinflation. The lungs should show sufficient hetero-
geneity in the distribution of emphysema to provide theweight below ideal the poorer the survival. The re-

lationship is strongest in patients whose FEV1 is above surgeon with target areas of non-functioning volume
occupying lung which is amenable to surgical resection47% predicted.
Lung volume reduction surgery and lung transplantation
should not be considered as mutually exclusive pro-
cedures. There is now clear evidence that patients can

Although many factors have been shown to relate to undergo successful lung transplantation following vol-
ume reduction surgery.survival in patients with emphysema and COPD, age

and baseline post-bronchodilator FEV1 remain the best,
albeit imperfect, predictors of prognosis. The wide
variability in survival in patients with severe airflow Choice of operation

There are several reasons why unilateral lung trans-obstruction, however, should cause clinicians to be cau-
tious when attempting to estimate and discuss prognosis plantation is an attractive option in patients with em-

physema. The procedure is technically straightforwardwith individual patients.
and most recipients do not have pleural adhesions
Furthermore, the functional results of single lung trans-
plantation are acceptable, most patients achieving anGuidelines for referral of patients with COPD

for transplant assessment FEV1 of 50% predicted. These improvements are not
as dramatic as those achieved following bilateral lungIt is important that every effort should be made to

exclude asthma and to treat maximally any reversible transplantation.27 There are, however, no major differ-
ences in maximum exercise performance and in generacomponent of the airways disease prior to referral to

transplant work up. Pulmonary rehabilitation and long a significant degree of limitation persists with maximum
oxygen consumption ranging between 45% and 52%term oxygen therapy, when appropriate, should also be

included in medical management prior to referral to a predicted for both procedures. Patients who remain free
of obliterative bronchiolitis do, however, enjoy a normatransplant centre. Other treatment options such as vol-

ume reduction surgery for patients with emphysema lifestyle and a good quality of life.28 The obvious ad-
vantage of single lung transplantation over bilaterashould be considered in appropriate candidates.23–25

Patients with COPD are considered to be potentially in lung transplantation is that this procedure enables more
transplantations to be conducted if both donor lungsthe transplant window if they meet the following criteria:

FEV1 <25% predicted after bronchodilators and/or are acceptable. Critics of the single lung transplantation
option are concerned about hyperinflation of the nativePa2 >7.3 kPa and/or raised pulmonary artery pres-

sures with progressive cor pulmonale. Preference should lung and potential compression of the contralatera
graft. Although volume reduction on the opposite sidebe given to those patients with raised Pa2 with pro-

gressive deterioration who require long term oxygen can be considered, the use of single lung transplantation
may be best limited to those patients without bulloustherapy as they have the poorest prognosis.26

LEARNING POINTS

∗ Lung transplantation does not confer a survival advantage for patients with advanced
emphysema who were listed in the USA.

∗ Lung transplantation does confer a survival advantage for patients with cystic fibrosis or
idiopathic pulmonary fibrosis.

∗ Lung transplantation confers an improved quality of life in recipients irrespective of
underlying diagnosis.

∗ Debate remains as to whether single or bilateral lung transplantation is the best option
for patients with emphysema.
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disease and those older patients of smaller stature who regarding listing outside the USA. The publication o
international guidelines for the selection of lung trans-may be less able to tolerate the more major bilateral
plant candidates is timely and will hopefully aid trans-procedure. Furthermore, there is evidence that long
plant physicians and surgeons in listing candidates forterm survival is slightly better in bilateral recipients than
lung transplantation at an appropriate time.in their unilateral counterparts.27 29 The preference is

therefore to offer bilateral lung transplantation to
1 Reitz BA, Wallwork JL, Hunt SA, et al. Heart-lung transplantationyounger patients and those of larger stature. successful therapy for patients with pulmonary vascular disease. N

Engl J Med 1982;306:557–64.The long term outcome of patients with COPD
2 Cooper JD, Ginsberg RJ, Goldberg M, et al. Unilateral lung transundergoing single or bilateral lung transplantation is plantation for pulmonary fibrosis. N Engl J Med 1986;314:1140–5.
3 Patterson GA. Experimental and clinical double lung transplantationlimited by the development of obliterative bronchiolitis,

J Thorac Cardiovasc Surg 1998;95:70–4.defined by progressive airflow obstruction and de- 4 Myers BD, Ross J, Newton LN, et al. Cyclosporine-associated chronic
nephropathy. N Engl J Med 1984;311:699–705.terioration in graft function. Obliterative bronchiolitis

5 Kramer MR, Marshall SE, Tiroke A, et al. Clinical significance ois characterised histologically by inflammation and fib- hyperbilirubinemia in patients with pulmonary hypertension under
going heart-lung transplantation. J Heart Lung Transplant 1991;10rosis of small airways. The current five year survival of
317–21.50–60% following lung transplantation is significantly 6 Starnes VA, Barr ML, Cohen RG. Lobar transplantation: indications
technique, and outcome. J Thorac Cardiovasc Surg 1994;108:403–11lower than other solid organ transplants and is pre-

7 American Thoracic Society. International guidelines for the selection
dominantly a result of the development of obliterative of lung transplant candidates. Am J Respir Crit Care Med 1998;158

335–9.bronchiolitis. Sepsis accounts for up to 30% of late
8 Hosenpud JD, Bennett LE, Keck BM, et al. Effect of diagnosis on

deaths and may occur in the presence of, and be pre- survival benefit of lung transplantation to end-stage lung disease
Lancet 1998;351:24–7.disposed to, obliterative bronchiolitis.

9 Cox DR, Oaks D. Analysis of survival data. London: Chapman & Hall
1984: 137–8.

10 Port FK, Wolfe RA, Mauger EA, et al. Comparison of survival prob
abilities for dialysis patients versus cadaveric renal transplant re
cipients. JAMA 1993;270:1339–43.

11 Lynch JP, Trulock EP. Lung transplantation in chronic airflow limitationConclusions
Med Clin North Am 1996;80:657–70.The introductory article by Hosenpud et al and its 12 Onofrio JM, Emory WB. Selection of patients for lung transplantation
Med Clin North Am 1992;76:1207–19.message for both potential transplant candidates with

13 Geertsma A, van de Bij W, deBoer WJ, et al. Survival with and withouCOPD and their carers is thought provoking. It must lung transplantation. Transplant Proc 1997;29:630–1.
14 Burrows B, Bloom JW, Traver GA, et al. The course and prognosis obe emphasised that the analysis assessed only duration

different forms of chronic airways obstruction in a sample from the
of survival, not quality of life. Several studies have shown general population. N Engl J Med 1987;317:1309–14.

15 Van der Lende R, Kok TJ, Peset Rerg R, et al. Decreases in VC andsubstantial improvement in indices of health quality
FEV1 with time: indicators for effects of smoking and air pollution

in patients undergoing lung transplantation including Bull Eur Physiopathol Respir 1981;17:775–92.
16 Anthonisen NR, Wright EC, Hodgkin JE, et al. Prognosis in chronicthose with a preoperative diagnosis of emphysema.28 30 31

obstructive pulmonary disease. Am Rev Respir Dis 1986;133:14–20.
The decision whether to offer lung transplantation to a 17 Postma DS, Sluiter HJ. Prognosis of chronic obstructive pulmonary

disease: the Dutch experience. Am Rev Respir Dis 1989;140:5100–5patient with emphysema is therefore complex and must
18 Medical Research Council Working Party. Long-term domiciliary oxy

take into account not only the duration of expected gen therapy in chronic hypoxic cor pulmonale complicating chronic
bronchitis and emphysema. Lancet 1981;i:681–6.survival but also quality of life issues. It is clear, however, 19 Nocturnal Oxygen Therapy Trial Group. Continuous or nocturna

that severely disabled patients who do not have features oxygen therapy in hypoxemic chronic obstructive pulmonary disease
A clinical trial. Ann Intern Med 1980;93:391–8.suggesting life threatening disease should be made aware 20 Cooper CB, Waterhouse J, Howard P. Twelve year clinical study o
patients with hypoxic cor pulmonale given long-term domiciliarythat their survival may not be prolonged by trans-
oxygen therapy. Thorax 1987;42:105–10.plantation. In practice, the vast majority of patients in 21 Seersholm N, Kok–Jensen A. Survival in relation to lung function
and smoking cessation in patients with severe hereditary alpha-1this situation wish to be accepted onto the waiting list
antitrypsin deficiency. Am J Respir Crit Care Med 1995;151:369–73.so the onus of responsibility regarding suitability for 22 Wilson DO, Rogers RM, Wright EC, et al. Body weight in chronic
obstructive pulmonary disease: National Institutes of Health inlisting is carried by the transplant assessment committee.
termittent positive pressure breathing trial. Am Rev Respir Dis 1989It is interesting that the principal gain from trans- 139:1435–8.

23 Cooper JD, Patterson GA, Sundaresan RS, et al. Results of 150 conplantation for patients with emphysema is quality of
secutive bilateral lung volume reduction procedures in patients withlife, with demonstration that the best outcome in this severe emphysema. J Thorac Cardiovasc Surg 1996;112:1319–30.

24 McKenna RJ, Brenner M, Gelb AF, et al. A randomised prospectivearea for this group of patients can be achieved with the
trial of stapled lung reduction versus laser bullectomy for diffuseworst economy of donor organs—namely, bilateral lung emphysema. J Thorac Cardiovasc Surg 1996;111:317–22.

25 Fein AMS, Braman R, Casaburi R, et al. Lung volume reductiontransplantation. It is reassuring to know that patients
surgery: official statement of the American Thoracic Society. Am Jwith idiopathic pulmonary fibrosis and cystic fibrosis Respir Crit Care Med 1996;154:1151–2.

26 Connors AF, Dawson NV, Thomas C, et al. Outcomes following acutederive improvements in both quantity and quality of
exacerbation of severe chronic obstructive lung disease. Am J Resp

life following appropriate transplantation. Crit Care Med 1996;154:959–67.
27 Sundaresan RS, Shiraishi J, Trulock EP, et al. Single or bilateral lungWhilst the results of the introductory article suggest

transplantation for emphysema? J Thorac Cardiovasc Surg 1996;112
that lung transplantation for patients with emphysema 1458–95.

28 Gross CR, Savik K, Bolman RM, et al. Long-term health status andis difficult to justify on the grounds of survival con-
quality of life outcomes of lung transplant recipients Chest 1995;108

siderations alone, it is clear that there are individual 1587–93.
29 Hosenpud JD, Novick RJ, Bennett LE, et al. The Registry of thepatients with emphysema who will derive survival ad-

International Society for Heart and Lung Transplantation: Thirteenth
vantages from transplantation. Moreover, the findings Official Report 1996. J Heart Lung Transplant 1996;15:655–74.

30 Ramsey SD, Patrick DL, Lewis S, et al. University of Washingtonare exclusively based on data from the USA where Medical Centre Lung Transplant Group. Improvement in quality o
waiting time is an important determinant of organ al- life after lung transplantation: a preliminary study. J Heart Lung

Transplant 1995;14:870–7.location. This policy supports the listing of patients at 31 Ramsey SD, Patrick DL, Albert RK, et al. The cost effectiveness o
lung transplantation: a pilot study. Chest 1995;108:1594–601.an early stage and may not accurately reflect practice
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