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PURPOSE

In the last 20 years, transplantation of the kidney, liver, and heart
has become an important therapeutic option for patients with ir-
reversible failure of these organs. Clinical application of lung trans-
plantation has evolved more recently and, on October 2 to 4, 1991,
the American Thoracic Society convened a workshop to review
the current state-of-the-art in this field. This report attempts to sum-
marize current knowledge and practice, with special emphasis
on those factors unique to lung transplantation and those program
and patient-related factors that appear to be associated with suc-
cessful outcome.

HISTORY

Although lung transplants were performed as early as 1963 (1),
these pioneering efforts failed for a variety of reasons. The most
important of these related to the lack of modern immunosuppres-
" -2 drugs at that time. High-dose corticosteroids, which were the

«cipal method of immunosuppression, severely impaired bron-
chial healing and increased the susceptibility of recipients to in-
fection (reviewed in reference 2). Because of the high rate of fail-
ure, lung transplantation efforts were virtually abandoned from
1973 until the early 1980s, when the introduction of cyclosporine A
as a powerful immunosuppressant and an alternative to cor-
ticosteroids resulted in renewed interest in this procedure.

Combined heart-lung transplantation was introduced at Stan-
ford University (Stanford, CA) for primary puimonary hyperten-
sion in 1981 (3), and for end-stage pulmonary vascular disease
of any etiology at the University of Pittsburgh (Pittsburgh, PA) in
1982 (reviewed in reference 4). The Toronto Transplant Group
reported successful single fung transplantation in 1986 for pul-
monary fibrosis in two patients (5). In recent years, single lung
transplantation has also been performed in patients with chronic
obstructive pulmonary disease (6), some forms of Eisenmengers
syndrome (7), and primary pulmonary hypertension (7). Double
lung transplantation has been performed in the same situations
in which single lung transplantation has been performed and is
particularly suited for cystic fibrosis and other types of bronchiec-
tasis (8).

Expansion in this field is reflected in the following statistics.
In the United States (9):

+ 182 lung transplants and 56 heart-iung transplants were per-
formed in 1990.

¢ As of October 1991, 600 patients were awaiting lung transplants;
169 were awaiting heart-lung transplants.
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¢ Of the 265 transplant centers, 77 centers perform lung trans-
plants and 82 perform heart-lung transplants.

The St. Louis International Lung Transplant Registry has recorded
890 transplants occurring worldwide from November 1983 to Oc-
tober 1991, 481 of which were performed in the United States (JD
Cooper, personal communication). Frequency of lung transplan-
tation is currently limited by the scarcity of organ donors. How-
ever, as noted in the assessment report of the Agency for Health
Care Policy and Research, “lung transplantation has evolved as
a clinical procedure achieving a favorable risk-benefit ration and
acceptable 1- and 2-year survival rates” (10).

SUCCESSFUL LUNG TRANSPLANTATION:
PROGRAM-RELATED FACTORS

Several program-related factors have been identified as being im-
portant in the outcome of lung transplants. These include donor
and recipient selection, accurate diagnosis of rejection, transplant
center characteristics, and choice of procedure.

Donor-related Issues

The most important donor-related issues are how donor accep-
tability is determined, how the acceptable cadaver donor is
managed, and what methods are used to preserve the donated
organ itself. Although donor selection criteria may vary, generally
used guidelines are outlined in table 1. Other factors merit consid-
eration. Although not absolutely necessary, ABO identity and
matched cytomegalovirus (CMV) serology between donor and re-
cipient are desirable. The use of ABO-compatible, but not identi-
cal, donors may result in the development of potentially life-threat-
ening hemolytic anemia mediated by immunocompetent donor cells
present in the donor organ. Although it is desirable to use CMV
negative donors for CMV negative recipients (11), since CMV mis-
matching may be associated with CMV disease, it is usually not
practical to select only matched donors due to extensive CMV ex-
posure. Most transplant programs will use a CMV-positive donor
for transplantation into a negative recipient. Ganciclovir has been
shown to be effective in the prevention of infection in high-risk
patients and the treatment of patients with CMV pneumonia (12).

In October 1990, the first lung transplant using a living donor
was performed at Stanford University (13). Despite the shortage
of cadaveric organ donors, the use of living donors is not a gener-
ally accepted alternative due to the potential risk to the donor that
may result from reduced pulmonary reserve (14). The use of a
single lobe rather than a whole lung may reduce the risk to the
donor. However, it is unknown if the lung will grow and, if not, sin-
gle lobe transplantation may lead to insufficient pulmonary func-
tion in the growing pediatric patient, thereby reducing the benefit
to the recipient. Long-term survival rates with lobar transplants
from living donors are unknown at this time.

The general shortage of organ donors makes it imperative to
use donor management strategies that will maintain all transplant-
able organs in the optimal functional state. Volume repletion nor-
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TABLE 1
GENERAL DONOR SELECTION GUIDELINES*
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TABLE 3
CONTRAINDICATIONS FOR LUNG TRANSPLANTATION*

Age: < 65 for lung; < 45 for heart-lung

No severe chest trauma or infection

Clear chest X-ray (exceptions may occur)

No prolonged cardiac arrest (heart-lung only)
Minimal pulmonary secretions

Negative HIV screen

ABO compatibility

Similar total lung capacities

Definition of abbreviation: HIV = human immunodeficiency virus.
° Adapted from Lawrence EC, Holland VA, Berger MB, Noon GP, Short HD, Whisennand
HH, De Bakey ME. Lung transplantation: an emerging technology. Tex Med 1988; 84:61-7.

mally utilized to maintain adequate urine output in renal donors
is at odds with maintenance of adequate lung function by volume
restriction. However, optimal management of both kidneys and
lungs may be achieved by maintenance of a low central venous
pressure and fluid replacement sufficient to maintain adequate
blood pressure and adequate but not excessive urine output. Af-
ter organ recovery, the lungs are usually flushed with donor blood
or Eurocollins solution and then maintained in cold Eurocollins
solution (reviewed in reference 15), permitting preservation of the
organ for 6 to 8 hr. Additional research is needed to develop proce-
dures to extend lung preservation time.

Recipient-related Issues

The overall goal of recipient selection is to identify individuals
whose pulmonary function and prognosis justify transplantation
and whose current health will not increase the risk of the opera-

on unnecessarily or jeopardize its long-term success. Currently

~—used general guidelines for the selection of potential recipients

are provided in table 2. Although recipient selection criteria have
remained stringent overall, a major change accepted by many
institutions has been a relaxation in the criterion prohibiting
pretransplant corticosteroid treatment. Low-dose pretransplant cor-
ticosteroid therapy has proved to be acceptable and would allow
transplantation of patients who cannot be completely weaned from
such therapy (16). Other contraindications to lung transplantation
are listed in table 3.

Clinical indications for lung transplantation vary depending on
the disease state. Currently, the major diseases for which lung
transplantation is a therapeutic option include pulmonary vascu-
lar disease (e.g., primary pulmonary hypertension, Eisenmenger's
syndrome); obstructive lung disease (e.g., idiopathic emphysema,
o, antitrypsin deficiency emphysema, cystic fibrosis, and bron-
chiectasis); and restrictive lung disease (e.g., idiopathic pulmo-
nary fibrosis, sarcoidosis, asbestosis, eosinophilic granulomato-
sis, desquamative interstitial pneumonitis).

It has been estimated that patients with primary pulmonary
hypertension have a median survival of 2.8 yr, with the main causes
of death being progressive right ventricular failure or sudden death

TABLE 2
GENERAL RECIPIENT SELECTION GUIDELINES®

Untreatable end-stage pulmonary vascular disease of any etiology
No other significant medica! diseases

Substantial limitation of daily activities

~ Limited life expectancy

Ambulatory with rehabilitation potential

Acceptable nutritional status

Satisfactory psychosocial profile and emotional support system

* Adapted from Egan and colleagues (19).

Active extrapulmonary infection

Significant disease of other organ systems

Current cigarette smoking

Poor nutritional status

Poor rehabilitation potential

Significant psychosocial problems, substance abuse, or history of
medical noncompliance

° Adapted from Marshali and colleagues (21).

syndrome (17). Factors correlated with mortality include cardiac
disease resulting in marked limitation of physical activity, Ray-
naud's phenomenon, and hemodynamic variables. These factors
are currently used for selecting patients for transplantation. Cys-
tic fibrosis is a disease with a highly variable course; however,
improvements in symptomatic therapy have increased survival
rates (reviewed in reference 18). Although a variety of factors have
been found to determine survival, clinical indicators such as fre-
quency of hospitalization and antibiotic use and weight loss are
more useful in predicting survival than are empiric measurements
of respiratory function (reviewed in reference 19). Patients with
idiopathic pulmonary fibrosis inevitably experience declines in
functional status, most frequently due to disease progression (20).
Itis often difficult to distinguish clinical deterioration from disease-
associated complications or adverse effects of therapy; however,
mortality is most frequently due to respiratory failure (reviewed
in reference 19). Factors considered in selecting patients for trans-
plantation include severe dyspnea, honeycombing/puimonary
hypertension on chest X-ray or computerized tomographic scan,
and severe physiologic derangement. Older patients with chronic
obstructive pulmonary disease have a worse prognosis, as do pa-
tients with poor exercise tolerance, hypoxemia, hypercapnia, and
cor pulmonale (reviewed in reference 12).

The extended waiting time for lung transplants is a direct re-
sult of the shortage of organ donors, as evidenced by the follow-
ing December 1990 data from the United Network for Organ Shar-
ing. Of the 226 patients awaiting heart-lung transplants, 47% had
been waiting for more than 1 yr. Of the 309 patients awaiting lung
transplants, approximately 12% had been waiting for more than
1 yr (9). Because of the long waiting time for donor organs, pa-
tients are often referred for transplant evaluation when a major
decline in their condition is observed. Because of the rapid course
of both pulmonary hypertension and pulmonary fibrosis, some
clinicians favor referral at the time of diagnosis. However, at pres-
ent, there is a lack of adequate data to determine the optimal refer-
ral time. The term “transplant window” has been used to refer to
the period of time when the patient is sick enough to require trans-
plantation and healthy enough to have a reasonable probability
of success (21). Recent trends in the number of lung and heart-
lung transplants by disease group are shown in table 4.

Choice of Procedure

The successful extension of single lung transplantation to obstruc-
tive lung diseases and puimonary vascular disease, and the de-
velopment of the bilateral sequential approach to “double” lung
transplantation have diversified the choice of procedure for end-
stage lung disease. A dogmatic approach cannot be justified in
such a rapidly evolving area; however, some elements to be con-
sidered in choosing the procedure include shortage of organ
donors, the nature of the original disease, and the likelihood for
success based on our experience with graft function, graft sur-
vival, and patient survival.
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TABLE 4
NUMBER OF LUNG AND HEART-LUNG TRANSPLANTS®
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TABLE 6
TRANSPLANT CENTER FEATURES

Year COPD a1ATDef CF IPF 1PH 2PH
1987 5 4 1 20 1 0
1988 17 9 8 22 1 1
1989 33 21 14 35 14 3
1990 60 50 44 46 28 10

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; a1ATDef =
alpha-1 antitrypsin deficiency; CF = cystic fibrosis; IPF = idiopathic pulmonary fibrosis;
1PH = primary pulmonary hypertension; 2PH = secondary pulmonary hypertension.

* Source: JD Cooper, personal communication.

Optimal use of the very limited pool of donor organs can best
be achieved by using lung-only transplants when possible, thus
reserving hearts for those patients needing heart or heart-lung
transplants. A general framework for selection of procedure based
on the nature of the original disease is provided in table 5. in ad-
dition to the diseases noted in table 5, bilateral lung transplanta-
tion may be considered for patients with significant chronic bron-
chitis and may be preferable in patients with extensive bullae in
both lungs. The best procedure (single versus bilateral) for se-
vere obstructive lung disease has not been determined. Single
lung as well as bilateral single lung transplantation for pulmonary
hypertension has produced good results in patients with primary
pulmonary hypertension and Eisenmenger’s syndrome associated
with reparable cardiac defect, but these procedures are perhaps
the most difficult in lung transplantation at the present time
(reviewed in reference 19). Although right ventricular function
generally improves quickly after lung transplantation, intraopera-
tive and postoperative patient management is complex because
of the imbalance between ventilation, which is evenly distributed
between the native and transplanted lung, and cardiac output
which is directed almost exclusively to the allograft (12). There-
fore, the relative merits of single versus bilateral single lung trans-
plantation in the pulmonary hypertension patient require further
evaluation.

Transplant Center Characteristics

Although there is limited experience with lung transplantation, the
extensive experience in transplantation of other organs suggests
that certain features of the transplant center are associated with
enhanced success. Those standard features which are generally
accepted as well as those desirable to enhance the program are
listed in table 6. Because of the limited experience in lung trans-
plantation, the list of minimal and desirable features cannot be
comprehensive. Certainly there are successful transplant pro-
grams which do not currently include all “desirable” features. How-
ever, experience in transplantation of other organs has shown that,
on the average, the number of procedures performed does corre-
late with transplant success as measured by improved graft sur-

Standard Features
Well-qualified medical and surgical personnel
Local and readily available support in all necessary areas, particularly
immunology, pulmonary medicine, infectious diseases, cardiology, and
rehabilitation
Adequate experience in transplantation medicine

Desirable features
Qualified house staff available on a 24-h basis
Number of lung transpiants performed is adequate to develop and maintain
proficiency
Active programs in basic and clinical research related to transplantation

vival (22-24). Further, the availability of an active research pro-
gram may facilitate development of new and improved protocols.

SUCCESSFUL LUNG TRANSPLANTATION:
PATIENT-RELATED FACTORS

The International Lung Transplant Registry, which includes a to-
tal of 849 lung transplant procedures performed to date, reports
a 1-yr survival rate of 61% overall, and a 2-yr survival rate for sin-
gle lung transplants of 56% (10). Data from the registry of the
United Network of Organ Sharing show a 1-yr graft survival rate
of 52.3% for 132 lung transplants performed in the United States
during the period October 1, 1987 to December 31, 1989 (25). Sev-
eral of the patient-related factors affecting graft and patient sur-
vival (e.g., rejection, infection, and obliterative bronchiolitis), are
discussed below.

Rejection

In the past, diagnosis of acute rejection has been made on the
basis of increasing radiographic infiltrates, decreasing oxygena-
tion, fever, and decreasing perfusion on perfusion scans in sin-
gle lung recipients. All of these findings and studies, however, are
not specific for fung rejection. Infection and adult respiratory dis-
tress syndrome can also cause these abnormalities (26). Large
doses of corticosteroids will also temporarily suppress the inflam-
mation associated with an infectious process, leading to the mis-
guided belief that rejection has been successfully treated. A use-
ful clinical measure for the diagnosis of rejection has been the
response to a pulse dose of intravenously administered methyl-
prednisolone, particularly in the first 2 to 3 wk after transplanta-
tion. Decreases in radiographic infiltrates, improvement in oxy-
genation, reduction in temperature, and improvement in exercise
tolerance, sense of well-being, and improvement in perfusion
scans occur over a 12 to 24-hr period. However, if the underlying
process were infection due to bacteria or fungus, such an approach
could lead to clinical deterioration. The use of bronchoscopy with

TABLE 5
TRANSPLANTATION PROCEDURE BY DISEASE STATE®

Transplantation

Procedure Disease State

Heart-lung Eisenmenger's syndrome with irreparable cardiac defect; pulmonary hypertension with cor
pulmonale; end-stage lung disease with concurrent severe cardiac disease

Double lung Cystic fibrosis; generalized bronchiectasis; some patients with COPD

Single lung Restrictive fibrotic lung disease; Eisenmenger's syndrome with reparable cardiac

anomaly; some patients with COPD; primary pulmonary hypertension

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.

* Adapted from Egan and colleagues (19).
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transbronchial biopsy is more often helpful than clinical criteria
in diagnosing rejection. However, lung biopsy is invasive and ac-

_ ;ompanied by risks (27). Bronchoalveolar lavage is a less inva-

sive procedure than transbronchial biopsy and has been used to
try to distinguish between infection and acute rejection. While im-
portant differences are present in the types and functions of the
cells recovered during the different clinical events, sufficient over-
lap exists that no single combination of parameters can, as yet,
be used to distinguish reliably between infection and rejection (28).
It has been suggested that the donor-specific primed lymphocyte
response of bronchoalveolar lavage cells is useful in the diagno-
sis of lung allograft rejection (29), but additional research is needed
to clarify this issue.

Immunosuppressive protocols for induction, maintenance,
and/or treatment of rejection in lung and heart-iung transplanta-
tion are continuing to evolve. Current regimens use various com-
binations of cyclosporine, azathioprine, prednisone, and antilym-
phocyte or antithymocyte globulins. The approach currently used
by most centers is a three-drug combination.

Infection

The primary determinant of early patient survival is infection. Bac-
terial pneumonia is common in the early postoperative period,
but it is also a major infectious complication in the intermediate
and late postoperative periods (30). Contributing factors in the de-
velopment of bacterial pneumonia include immunosuppression
and alterations in the natural lung defense mechanisms induced
by transplantation. In the late postoperative period, the major
predisposing factor appears to be the presence of chronic rejec-

‘on. Parenteral antibiotics tailored to the etiologic agents and their

~—-ensitivities are the mainstay of treatment and are, fortunately,

usually effective (31).

CMV is the most common cause of infection in the interval from
4 to 8 wk postoperatively. The rate of infection is affected by the
serologic status of the recipient, the organ donor, and biood donors
as discussed above. The use of oral acyclovir and intravenous
ganciclovir for prophylaxis and treatment may provide some ben-
efit (12). While bronchoalveolar lavage can reliably detect CMV
infection in the allograft, accurate diagnosis of CMV pneumonitis
may require a lung biopsy. Transbronchial biopsy has been a highly
reliable technique for distinguishing between CMV infection and
disease (32).

Obliterative Bronchiolitis

Obliterative bronchiolitis (reviewed in reference 33) in the post-
transplant period is characterized by a progressive form of ob-
structive airway disease that can be fatal. Although the precise
nature of obliterative bronchiolitis is yet to be defined, it is gener-
ally thought to represent chronic rejection of the allograft. It is
characterized by an inflammatory process with a particular propen-
sity for the smaller airways and bronchioles of the transplanted
lung. These changes are similar to those found in obliterative bron-
chiolitis in other clinical settings. The incidence of obliterative bron-
chiolitis in long-term survivors of heart-lung transplants ranges
from 10 to 54%; it has also been reported to occur in patients
with single lung transplants, although the incidence is not yet
known.

Earlier detection of obliterative bronchiolitis, via surveillance
~~of pulmonary function and performance of transbronchial biop-
sies, has provided a clearer picture of airway involvement. Although
current methods of diagnosis and treatment have somewhat al-
tered the course of obliterative bronchiolitis, the key clinical fea-
tures are an insidious onset of cough, which usually becomes in-

775

creasingly productive of purulent sputum, recurrent bacterial
infections of the airway and parenchyma, and dyspnea.
Treatment of obliterative bronchiolitis has involved optimal main-
tenance immunosuppression and varies depending on the pres-
ence or absence of co-existing acute rejection. It is unclear at what
point the increased risk of infection due to immunosuppressive
therapy outweighs its benefits for the treatment of obliterative bron-
chiolitis. In addition, the role of adjunctive therapy, such as bron-
chodilators and aerosolized corticosteroids, is not clear at this time.

SUMMARY

This workshop has identified several factors associated with en-
hanced success, some major gaps in knowledge, and some un-
resolved issues in the field of lung transplantation. A summary
of the most salient points is provided below.

What Are the Facts about Lung Transplantation?

* Improvements in donor and recipient selection, in immune sup-
pression, and in surgical techniques have collectively led to
enhanced survival.

* There has been an expansion in the number of diseases for
which lung transplantation is a therapeutic option.

* There has been considerable expansion in the number of clin-
ical programs performing lung transplants.

* There remains a very limited pool of donor organs and long
waiting times for potential transplant recipients.

What Additional Knowledge 1s Needed?

¢ Better definition of the role of histocompatibility antigens in suc-
cessful engraftment

* Development of optimal methods of preserving cadaveric do-
nor lungs

* Better definition of the optimal window for transplantation for
various diseases

¢ Definition of the long-term outcome of single lobe transplants
in pediatric patients

* Improved methods to prevent, differentiate, diagnose, and treat
rejection, infection, and obliterative bronchiolitis

* Determination of the full range of diseases for which lung trans-
plantation can be considered an appropriate therapeutic option

* Long-term outcome in single versus double lung transplantation.

What Issues Remain Unresolved?

* At present, lung transplantation is not considered part of the
usual and customary repertoire of procedures uniformly cov-
ered by public and private health insurance. As a result, the
recipient population is restricted largely to those with private
insurance and cases considered as special exceptions under
federal financing programs.

* The potential for increasing the limited pool of donor organs
through expanded use of living donor lobes poses ethical and
clinical concerns.

* A series of issues is brought into play when any procedure
evolves from the research to the clinical setting. Lung trans-
plantation is no exception and the same dilemmas apply, in-
cluding: For whom will this procedure be available? What are
the ethical criteria in the procurement of tissue? How do trans-
plantation needs relate to donor availability? When is it cost-
effective? What social burden will this place on public and pri-
vate financing of care?
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