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The donor lung: conservation of a precious
resource

Cesar A Keller

Lung transplantation became a reality in 1963
when Dr James Hardy performed the first suc-
cessful single lung transplant1 in a patient with
chronic pulmonary disease and bronchogenic
carcinoma. His patient survived 18 days, even-
tually succumbing to renal failure. His
opportunity for success was hampered by a
lack of adequate immunosuppressive agents,
limited perioperative monitoring, and a lack of
adequate support systems such as haemodialy-
sis. Over the next two decades numerous lung
transplants were performed. Although all
ended as failures, valuable information and
experience accumulated in the areas of im-
mune system alteration, diagnosis and treat-
ment of rejection, and opportunistic
infections.2 The role of prophylactic antibiotic
regimens was better defined. Since the mid
1980s many of these issues have been resolved,
and many centres currently perform lung
transplantation with progressively better sur-
vival rates. The availability of cyclosporin as an
immunosuppressive agent allowed reduced
doses of corticosteroids to be used and has had
a dramatic impact on the successful outcome of
lung transplantation.The latest report from the
United Network for Organ Sharing (UNOS)3

in the USA recognises 95 centres registered to
perform heart-lung transplants and 91 to
perform lung transplantation. As more centres
have the technological expertise to perform
transplantation, and as this technology expands
to treat a wider range of chronic lung diseases,
there has been an inevitable increase in the
number of patients listed for transplantation
and, consequently, significant prolongation of
waiting times. This is a problem which is now
aVecting all countries with active transplant
programmes; in this paper these problems are
discussed in relation to data for transplantation
in the USA.
Transplant physicians have constantly to

analyse this fluctuation in waiting times.
Patients must “get in” in the UNOS list at a
time when they are significantly and irrevers-
ibly impaired by their chronic pulmonary
disease, yet while still healthy enough to survive
the prolonged wait. Although impossible to
predict, the hope is that when the transplant
actually occurs, the patient still preserves a
minimum of strength and physical condition-
ing to survive the surgery. Even when many
objective parameters are used in selection of

transplant candidates, there is always a compo-
nent of luck and conjecture in this process.
Most transplant centres follow general crite-

ria for the inclusion of patients on a waiting list.
Patients with chronic obstructive lung disease
are usually considered for transplantation
when they are functionally disabled, reaching
forced expiratory volume in one second (FEV1)
of <20–25% of normal, when there is signifi-
cant hypercapnia, hypoxaemia, or secondary
pulmonary hypertension complicating the
course of the disease, or when there is a rapid
decline in functional parameters while receiv-
ing optimal medical treatment.4

Patients with pulmonary fibrosis have in-
creased short termmortality when their FVC is
<65% of normal and they fail to respond to
corticosteroid agents. Patients with pulmonary
fibrosis with a forced vital capacity (FVC)
<65% of normal who have a low transfer factor
(TLCO) of <30% predicted, and those becom-
ing hypoxic with exertion have a poor
prognosis5 and should be considered for trans-
plantation. Patients with cystic fibrosis having
an FEV1 of <30% of predicted, with either
hypoxia or hypercapnia, or having a rapid
decline in lung function with recurrent exacer-
bations should also be included.4 6 Patients
with severe primary pulmonary hypertension
(mean PA >50 mm Hg) with increased central
venous pressure and poor cardiac index (<2.5)
who do not respond to vasodilators are at risk
for increased mortality7 and are usually consid-
ered for single or double lung transplantation.
Despite the careful use of all these criteria for

listing patients at an appropriate time in the
course of their illnesses, 15–20% of all patients
listed for lung transplantation die while waiting
for a suitable donor.3

Magnitude of the problem in the USA
Figure 1 shows the number of patients
registered for transplantation in the USA as
reported by UNOS from 1988 to December
1997. In 1988, 69 patients were registered for
lung transplantation and 205 were listed for
heart-lung transplantation. On 24 December
1997 there were 2678 patients registered for
lung transplantation (a 17-fold increase), while
the number of cases registered for heart-lung
transplantation remains relatively unchanged
at 236 patients (heart-lung candidates not
shown in the figure).
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This large increment in patients listed for
transplantation has been accompanied by an
increase in available organ donors. However,
despite this increase, an ever larger number of
patients cannot be transplanted in a timely
basis. In 1993, 1994, 1995 and 1996 there were
enough organs to transplant only 667, 723, 871
and 805 patients, respectively. The number of
heart-lung transplants performed on a yearly
basis since 1990 is much more limited, averag-
ing 58 heart-lung transplants performed in the
entire country (ranging from 48 in 1992 to 39
in 1996). The increasing number of patients
listed, coupled with longer waiting times, has
resulted in more patients dying on the waiting
list. In 1988 there were 16 lung transplant can-
didates and 61 heart-lung transplant candi-
dates (total 77 patients) who died while await-
ing transplantation. In 1996 there were 385
patients from the lung transplant group and 48
from the heart-lung group (total 433) who died
awaiting transplantation.
The figure also shows the projected number

of patients listed, patients transplanted, and

those dying while listed for transplant for the
year 2000 if the current trends persist over the
next four years. It is likely that approximately
3500 patients will be listed, while only about
1500 may receive suitable organs to be
transplanted. Over 600 patients are estimated
to die awaiting transplantation.
Patients currently listed for transplantation

are unevenly distributed across the USA.
Figure 2 shows the 11 UNOS regions across
the country with the respective number of
patients listed for lung and heart-lung trans-
plantation in each region. Regions 2 (east ) and
8 (mid-west) have the largest number of
patients listed while regions 6 (north west) and
3 (south east) are those with the shortest wait-
ing lists.
The disproportion between patients listed

compared with those transplanted has resulted
in progressively longer waiting times for those
hoping to receive a lung transplant. The
median waiting time for patients listed in 1988
was 386 days. This declined to the shortest
waiting time by 1990 (228 days) but then pro-
gressively increased to 553 days in 1994. The
waiting time for lung transplantation today
equals the usual waiting time for patients listed
for heart-lung transplantation. It is not unusual
for lung transplant candidates to face waiting
times around 1.5–2 years. The extreme limita-
tion of lung donors does not allow room to
create any special status for patients who suffer
an acute deterioration while listed for trans-
plantation.
These statistics have an obvious conclusion;

currently, the main limiting factor to lung and
heart-lung transplantation is the restricted
availability of donors. The trends over the last
five years suggest that it is unlikely that a
significant change in patterns of organ dona-
tion will occur and that the shortage of
available donors will continue to worsen.
These facts will produce two inevitable con-

sequences: (1) increasingly longer waiting
times and increased diYculties deciding the
best time to include a patient in the waiting list;
(2) a larger number of patients dying while
awaiting transplantation. This situation im-
poses increased responsibility on transplant
physicians and centres to assure eYcient use of
available lung donors. There is also a compel-
ling need to shift some of the patients listed for
transplantation to other therapeutic avenues.
Figure 3 shows the distribution of lung

transplants according to diagnosis as reported
by the St Louis International Lung Transplant
Registry. The data reported include an accu-
mulated 5280 lung transplants reported to the
Registry up to 1996. The largest number of
transplants have been performed in patients
with chronic obstructive lung disease. Around
40% of all lung transplants were performed to
treat either smoking induced COPD or á1-
antitrypsin deficiency related emphysema, fol-
lowed by pulmonary fibrosis, cystic fibrosis,
primary pulmonary hypertension, Eisen-
menger’s complex, bronchiectasis and others;
139 of these procedures were re-transplants.

Figure 1 Graph showing all patients listed for single and double lung transplantation in
the USA from 1988 to 1996 as reported by UNOS (solid bars), the number of patients
actually transplanted (hatched bars) and the number of patients dying on the waiting list
(white bars). Using the trend for each variable from 1988 to 1996, a projection is made for
the number of patients listed, transplanted, and dying on the waiting list from 1997 to 2000.
It is projected that in the year 2000 nearly 3500 patients will be listed, 1500 hopefully will
be transplanted and, unfortunately, around 600 will die on the transplant list, assuming
that the same trends will be maintained.Heart-lung transplants are not included in the
figure.
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Figure 2 Division of the USA into the 11 UNOS regions with the number of lung
transplant candidates listed per region.Numbers in parentheses reflect the numbers of
patients listed for heart-lung transplantation in each region on 30 June 1997.
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Strategies to overcome limitations to lung
transplantation
Potential strategies to overcome the limited
number of organ donors are necessary. These
strategies can be categorised into the following
groups:
(1) Maximise the use of available organs:
(a) expand the indications for single lung

transplants, while restricting the use of double
lung and heart-lung transplantation only when
absolutely necessary;
(b) explore further the use of marginal

donors;
(c) use of living related donors in specific

circumstances.
(2) Explore the use of medical/surgical alter-

natives for conditions currently managed with
lung transplantation:
(a) lung volume reduction surgery for

emphysema;
(b) use of chronic prostacyclin infusion for

primary pulmonary hypertension.
(3) Critical review of the use of donated

lungs for indications with poor prognosis:
(a) re-transplantation;
(b) lung transplantation in the elderly.
(4) Other alternatives to organ donation:

xenotransplantation

MAXIMISING USE OF AVAILABLE DONORS

Expanding indications for single lung transplants
while restricting use of double lung and heart-lung
transplantation to only when absolutely necessary
In 1981 the first successful heart-lung trans-
plant (HLT) associated with long term survival
was reported by the transplant group at
Stanford University.8 The technique was ini-
tially used to treat patients with terminal
primary pulmonary hypertension (PPH) and
others with Eisenmenger’s complex. In 1983
the Toronto Lung Transplant Group reported
the first long term survivor provided with a
single lung transplantation (SLT) to treat
terminal idiopathic pulmonary fibrosis.9 By
1990 HLT was used not only to treat patients

with PPH, Eisenmenger’s complex, and other
cyanotic congenital heart diseases associated
with pulmonary hypertension, but also pulmo-
nary diseases such as cystic fibrosis, emphy-
sema and other chronic conditions.10 Heart-
lung transplant recipients with cystic fibrosis
became heart donors themselves at the time
their organs were removed in what used to be
called the “domino” technique.
As the technology of double lung transplan-

tation (DLT) and SLT evolved, their indica-
tions have expanded. Survival and function of
DLT improved significantly when the original
“en bloc” technique using a tracheal
anastomosis11 was modified using sequential
bi-bronchial anastomosis.12 When availability
of donors became an obvious limiting factor to
performing HLT and DLT, more clinical
experimentation was done with SLT.13–15 By
limiting HLT to cases of Eisenmenger’s
complex and other cyanotic congenital dis-
eases, and using SLT whenever possible, three
recipients (two single lungs, one heart) can
potentially benefit from each donor.
Single lung transplantation was initially used

mostly to treat patients with idiopathic pulmo-
nary fibrosis with acceptable survival rates and
good functional outcomes. For a long time it
was believed that SLT should not be per-
formed in patients with COPD.16 It was
assumed that a single lung with normal
compliance and resistance in a patient with a
contralateral native emphysematous lung
would suVer from ventilation and perfusion
mismatch. Despite theoretical concerns, once
single lung transplantation was performed in
patients with COPD,17 it was found that this
technique was not only successful but that
COPD recipients of single lung transplants had
the best prognosis for long term survival.18 Pul-
monary function increases more after DLT
than SLT in patients with COPD, but exercise
capacity is similar, as is long term survival.
Similarly, SLT was utilised for the manage-
ment of patients with PPH. Although the
intraoperative and postoperative management
of patients with PPH subjected to SLT is chal-
lenging, the long term outcome is satisfactory
and comparable to other indications for SLT.19

Survival rates for patients with PPH subjected
to SLT are similar to DLT and superior to
HLT.
Currently, most centres reserve double lung

transplantation for conditions characterised by
septic bilateral lung disease such as cystic
fibrosis and bilateral bronchiectasis. Single
lung transplantation is an acceptable alterna-
tive for chronic obstructive lung disease, inter-
stitial lung disease, primary pulmonary hyper-
tension, and selected cases of Eisenmenger’s
complex due to persistent atrial septal defect
where a surgical repair of the defect is
associated with a single lung transplant.
The judicious use of HLT and DLT, reserv-

ing these techniques only for patients who can-
not be helped by SLT, maximises the limited
pool of donors for the largest number of
patients.

Figure 3 Distribution of 5280 lung transplants performed
up to 1996 as reported to the St Louis International Lung
Transplant Registry. Chronic obstructive pulmonary disease
and patients with emphysema secondary to á1- antitrypsin
deficiency account for 2029 transplants or 38.4% of the
total.
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Exploring further the use of marginal donors
Organ donation in the USA comes from pure
voluntary and altruistic motives where families
of patients with an established diagnosis of
brain death are approached for possible organ
donation. Generally accepted criteria for ad-
equate lung donors include patients younger
than 55 years, without history of pulmonary
diseases, without significant chest trauma, with
accumulated smoking history of <20–30 pack
years, evidence of a chest radiograph clear of
infiltrates, requiring peak pressures on the ven-
tilator of <30 cm H2O, with a PaO2/FiO2 of
>300 and without evidence of gross purulent
secretions in a bronchoscopic procedure.20

Donors must be screened for septicaemia,
active tuberculosis, HIV, viral hepatitis, viral
encephalitis, Guillian-Barre syndrome, current
intravenous drug abuse, and malignancy.
As the experience of managing immediate

complications following transplantation im-
proves, the criteria for choosing donors can be
expanded. A study by Sundaresan and cowork-
ers reviewed the outcome of transplant patients
using marginal donors selected from patients
who had infiltrates in chest radiographs,
evidence of chest trauma (contusion or pneu-
mothorax), accepting donors older than 55
years, smoking history >20 pack years, and
accepting PaO2/FiO2 ratio <300 mm Hg.21 The
postoperative outcomes of recipients of these
marginal organs were not diVerent from those
recipients of organs from patients meeting the
classical criteria for organ donation. Specifi-
cally, there were no diVerences in survival, time
of extubation, or postoperative alveolar–arterial
oxygen gradients.
In many circumstances a single lung could

be used from donors with marginal gas
exchange who have a unilateral infiltrate with a
clear contralateral lung. In these circumstances
an experienced transplant physician can decide
to use the non-involved lung aided by a
bronchoscopic evaluation of the donor if the
procedure shows the lung to be used to be free
of significant purulent tracheobronchitis.
A potential donor subjected to prolonged

intubation and mechanical ventilation alone
should not be a contraindication to lung trans-
plantation. An electively intubated donor, who
evolves to a status of brain death, who has good
gas exchange, a clear chest radiograph and has
acceptable bronchoscopic findings can be used
as a donor after 5–7 days of mechanical venti-
lation as shown in a study by the Cambridge
group. These considerations by surgical teams
potentially expand the limited pool of lung
donors.

Use of living related donors in specific
circumstances
In 1990 the first living related donor lung
transplant (LRDT) was reported by the
Stanford transplant group.22 Up to June 1996
the UNOS transplantation information site
reported a total of 78 LRDTs. The current sta-
tus of this new approach to transplantation is
based on harvesting lower lobes from healthy
donors (usually parents or relatives of a child or
very young adult) to perform bilateral lobar

transplantation to patients with cystic fibrosis.
Early reports of this technique on 36 recipients
of lobar transplants from living related donors
showed a one year survival rate of 70%, with
good lung function.23 Episodes of acute rejec-
tion and bronchiolitis obliterans have been
reported among these recipients with a lower
incidence than among cadaveric transplants.
So far there has been no mortality reported
among donors, who have shown an 18% mean
decrease in vital capacity. This approach to
lung transplantation oVers a potentially life
saving procedure to young patients with cystic
fibrosis or similar conditions, without the
uncertainties of the prolonged waiting time
that occurs with cadaveric organ donors.
Transplant centres using this technique face

significant challenges. The surgery involves the
use of three surgical teams working simultane-
ously. The implantation involves development
of anastomotic techniques in airways and
vessels of limited size and length, making the
procedure technically challenging. Besides the
purely technical diYculties presented by
LRDLT there are multiple ethical and psycho-
logical dilemmas surrounding preparation and
selection of donors that still do not have clear
definition. Despite these drawbacks, LRDLT
oVers an alternative to cadaveric organ trans-
plantation. As more centres gain experience
with this approach, a well selected population
of young patients with end stage lung disease
will probably benefit in the future from further
developments.

EXPLORING THE USE OF MEDICAL/SURGICAL
ALTERNATIVES FOR CONDITIONS CURRENTLY

MANAGED WITH LUNG TRANSPLANTATION

Lung volume reduction surgery for emphysema
The reintroduction of lung volume reduction
surgery to improve end stage emphysema in
1995 by Cooper and associates24 has been
followed by multiple clinical studies using sur-
gical techniques such as sternotomy, thoraco-
scopic lung resection, and the use of laser
therapy with the objective of eVectively reduc-
ing excessive hyperinflation of emphysematous
lungs to improve lung function.
A recent review of the current status of lung

volume reduction surgery for emphysema
summarised 16 clinical studies involving a total
of 1331 patients undergoing volume
reduction25 using laser (four groups), com-
bined laser and resection (two groups), resec-
tive thoracoscopy (five groups), and open ster-
notomy (five groups). The mean preoperative
FEV1 ranged from 19% to 30% of normal, with
mean residual volumes (RV) from 197% to
290% of predicted, and mean six minute walk-
ing tests between 589 and 1175 feet. These
groups reported mortality rates ranging from
0% to 18%. The increase in FEV1 varied from
13% to 97%, the decrease in RV from 11% to
33%, and the increment in the distance in the
six minute walking test from 14% to 104% over
baseline values. Most of these groups reported
only short term follow up (3–6 months),
although a few groups now have data available
one or two years after surgery. The severity of
obstructive lung disease included in these

The donor lung 509
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studies is similar to that found in patients listed
for lung transplantation.
Cooper and collaborators reported a com-

parison of early functional results after volume
reduction or lung transplantation in patients
with chronic obstructive pulmonary disease.26

Their data are summarised in table 1.
They showed significant improvement in

FVC, six minute walking tests, and gas
exchange in all the groups. Although the mag-
nitude of improvement was superior among
transplanted patients, particularly for recipi-
ents of double lung transplants, improvement
was similar to lung volume reduction surgery.
They concluded that, in well selected patients,
volume reduction surgery is a useful alternative
to lung transplantation. In addition, volume
reduction avoids the complications of com-
bined immunosuppressive therapy, as well as
the larger morbidity and mortality associated
with transplantation. Our group has recently
reported changes in lung function and gas
exchange comparing unilateral thoracoscopic
lung volume reduction surgery (TLVRS) with
SLT in two groups of 10 patients with a similar
degree of advanced emphysema.27 Follow up is
reported at three months and one year after
surgery. The most relevant data of this study
are shown in fig 4.
As shown in fig 4, patients who underwent

TLVRS had a larger increment in FVC while
FEV1 increased significantly more in SLT
patients. For the group undergoing TLVRS the
mean changes in FVC were 55 (17)% preop-

eratively, 67 (16)% at three months, and 72
(15)% of predicted one year after surgery com-
pared with 46 (11)%, 52 (12)%, and 60 (9)%,
respectively, for patients subjected to single
lung transplantation. Although both groups
showed a significant postoperative increase in
FVC, the changes were larger in the TLVRS
group. However, the increase in FEV1 was sig-
nificantly better for patients undergoing lung
transplantation than in those who underwent
TLVRS. For those undergoing TLVRS the
FEV1 changed from a mean of 23% of
predicted to 29% three months later and 27%
a year later, while those patients undergoing
transplantation increased their mean FEV1

from 20% of predicted preoperatively to 43%
at three months and 47% at one year.
The increased FVC and FEV1 achieved in

the TLVRS group was related to significant
volume reduction evidenced by the reduction
of the preoperative residual volume from a
mean of 273 (80)% of predicted to 190 (41)%
three months after surgery, remaining at 197
(38)% of predicted a year later. Both groups
had significant improvement in gas exchange.
The mean preoperative PaCO2 and PaO2 were 41
(7) and 60 (10) mm Hg among SLT patients;
one year later the mean values were 35 and 80
(14) mmHg, respectively. In the TLVRS group
the baseline blood gases showed a mean PaCO2

of 43 (8) mm Hg and PaO2 of 56 (9) mm Hg.
One year after thoracoscopic lung volume
reduction the mean PaCO2 was 35 (7) mm Hg
and the mean PaO2 was 74 (13) mm Hg. None
of the transplanted patients required oxygen
therapy a year after surgery while eight of 10
patients subjected to volume reduction were
free of oxygen.
In this study transplanted patients required

longer stays in hospital; four SLT patients had
significant complications, including one with
anastomotic dehiscence requiring surgical re-
pair, one patient developed postoperative
status epilepticus secondary to cyclosporin
neurotoxicity, one patient was treated for
recurrent acute rejection, and a fourth patient
required a stent insertion due to a stenotic
anastomosis. Two patients in the TLVRS group
developed complications; one developed pneu-
mothorax after removal of a chest tube and
required reinsertion of the tube, and a second
case had a prolonged air leak requiring a
second thoracoscopy to repair the operative
area. In this one year study, unilateral lung vol-
ume reduction surgery produced significant
objective and subjective improvement in pa-
tients with airflow obstruction comparable to
those treated with SLT. The magnitude of
improvement in FEV1 was much larger among
transplanted patients; overall functional and
subjective improvement was comparable with
less morbidity, and without the complications
of immunosuppressive therapy. Currently, the
St Louis International Lung Transplant Regis-
try reports survival rates of 77%, 69%, 62%,
53%, and 45% for the first five years on
patients transplanted for COPD. Although one
year survival rates appear better among volume
reduction candidates, long term studies are
required to evaluate survival rates of patients

Table 1 Comparison of lung function following volume reduction surgery, single lung
transplantation and double lung transplantation in patients with COPD

Preoperative
FEV1

Change in FEV1
at 6 months

Change in FEV1
at one year Total mortality

Volume reduction 0.72 (0.26) 79% increase 83% increase 3% (1/33)
Single lung
transplant

0.48 (0.12) 231% increase 212% increase 10.2% (4/39)

Double lung
transplant

0.49 (0.13) 498% increase 518% increase 16% (4/25)

FEV1 = forced expiratory volume in one second.
Taken from Cooper et al.26

Figure 4 Changes in forced vital capacity (FVC) and forced expiratory volume in one
second (FEV1) in two groups of patients with severe emphysema. Ten of these patients were
subjected to unilateral thoracoscopic lung volume reduction surgery (TLVRS) and 10
patients received a single lung transplant (SLT). The left side of the figure shows
preoperative FVC and FEV1 as percentage of normal predicted and changes at three
months and one year after TLVRS; the right side of the figure shows changes in FVC and
FEV1 before single lung transplantation and at three months and one year after surgery.
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subjected to this type of surgery. If studies with
longer follow up times show that volume
reduction surgery can produce reasonably long
periods of improvement, then well selected
groups of patients with emphysema could
receive lung volume reduction surgery instead
of transplantation which would spare a signifi-
cant number of organs to be used among
younger candidates who have no other alterna-
tive such as those with cystic fibrosis or
idiopathic pulmonary fibrosis. An NIH spon-
sored National Emphysema Therapy trial
(NETT) is being organised to define the role of
LVRS. This clinical trial is structured to study
over 5000 patients in 18 centres across the
USA, randomising patients with severe emphy-
sema to either best medical therapy and
pulmonary rehabilitation or LVRS; the latter
group is further subdivided into two groups
(bilateral lung volume reduction via stern-
otomy or thoracoscopy). This trial should
assess the eYcacy of LVRS and demonstrate
whether long term survival and functional
capacity of patients with emphysema does
indeed improve compared with best medical
therapy. It should also show if there is any
advantage to the use of sternotomy compared
with thoracoscopic techniques, and should give
a clear idea about the duration of the functional
changes induced by surgery. Indirectly, this
trial may define the role of LVRS as an alterna-
tive to lung transplantation.

Use of chronic prostacyclin infusion for PPH
The latest data from the St Louis International
Lung Transplant Registry reports 389 patients
transplanted for PPH with survival rates of
62%, 49%, and 42% at one, three and five
years, respectively. The outcome of medical
therapy in patients with severe PPH has been
disappointing, with only a few patients found
to be responsive to chronic long term antico-
agulation and high doses of calcium channel
antagonists.28 Over the last few years, however,
several clinical studies have shown improved
survival, better quality of life, and increased
exercise capacity by using a long term continu-
ous intravenous infusion of prostacyclin. This
substance is a metabolite of arachidonic acid in
the vascular endothelium, found to be a potent
endogenous vasodilator and platelet anti-
aggregating agent. Higenbottam and
collaborators29 showed improved one year sur-
vival rates in 44 patients with severe PPH com-
pared with historical controls. Furthermore,
when the eVects of prostacyclin and heart-lung
transplantation were compared, they showed a
reduction in monthly mortality risk of 66%
among patients treated with prostacyclin
whereas transplantation reduced the risk by
18%. Barst and coworkers30 reported survival
rates of 87%, 72%, and 63% at one, two and
three years in a group of 18 patients with severe
PPH treated with long term continuous
intravenous prostacyclin compared with sur-
vival rates of 77%, 52%, and 41% in controls,
concluding that continuous intravenous pros-
tacyclin resulted in sustained clinical and
haemodynamic improvement and improved
survival in patients with severe PPH.

Most recently, Barst and collaborators re-
ported results of a 12 week prospective,
randomised, multicentre open trial comparing
the eVects of a continuous intravenous infusion
of prostacyclin plus conventional therapy with
the use of conventional therapy alone in 81
patients with severe PPH (New York Heart
Association functional class III or IV).31 This
trial showed that prostacyclin produced symp-
tomatic and haemodynamic improvement, as
well as improved exercise endurance, quality of
life, and survival in these patients. Prostacyclin
therapy has its own complications, mostly
related to the required use of a permanent
intravenous catheter with the possible develop-
ment of catheter-related sepsis and thrombosis.
Also, severe complications may occur related to
mechanical malfunction of the drug delivery
system (pump malfunction). Side eVects in-
clude headache, flushing, jaw pain, loose
stools, and photosensitivity. Despite all these
problems, many patients experience significant
functional improvement and no longer wish to
consider transplantation as a treatment option
once they become used to the prostacyclin.
The cost of this therapy is considerable, and in
the long run could become as costly as
transplantation.
Today, more than 800 patients are currently

on a continuous infusion of prostacyclin for
severe PPH in the United States. These recent
developments, coupled with the still significant
mortality associated with transplantation in
severe PPH, argues in favour of considering
patients diagnosed with severe PPH refractory
to calcium channel antagonists to receive a
continuous intravenous infusion of prostacyc-
lin. In patients showing a favourable response
to prostacyclin infusion, without evidence of
right heart failure, transplantation is not neces-
sarily indicated. Patients developing signs of
right heart failure despite aggressive medical
therapy may be selected for transplantation as a
last resort. This approach is reasonable while
new strategies for treatment are developed,
such as inhaled nitric oxide,32 aerosolised pros-
tacyclin, and aerosolised iloprost,33 all of which
are currently under investigation.

CRITICAL REVIEW OF THE USE OF DONATED

LUNGS FOR INDICATIONS WITH POOR PROGNOSIS

Re-transplantation
Repeat lung transplantation has been per-
formed in a relatively small percentage of
patients.34 Five types of re-transplantation have
been described: (1) redo ipsilateral single lung
transplantation, (2) redo contralateral single
lung transplantation, (3) single lung redo after
double or heart-lung transplantations, (4) redo
double lung transplantation, and (5) double
lung re-transplantation after a first time single
lung transplant. The most common indication
for re-transplantation has been obliterative
bronchiolitis. The latest data reporting survival
rates among re-transplanted patients with
bronchiolitis obliterans from North American
and European transplant centres show a 45%
one year survival rate and a 35% survival rate at
three years compared with overall survival rates
of 72% and 56% at one and three years for
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recipients of lung transplantation.35 Ambula-
tory status prior to re-transplantation is the
best predictor of survival among these patients.
Most patients considered for re-
transplantation have obvious deterioration in
respiratory capacity and functional decline
which becomes the indication for the proce-
dure.Most of them suVer the chronic eVects of
immunosuppression, many have received re-
current boluses of high dose corticosteroids in
eVorts to reverse graft failure and chronic
rejection, many have renal dysfunction from
use of cyclosporin and other nephrotoxic
drugs, and others have been debilitated by
opportunistic infections.
The critical donor shortage, the considerable

percentage of patients dying on the waiting list,
and the poor outcome of re-transplantation
raises considerable ethical concern regarding
this alternative. The question is no longer
whether re-transplantation can be done, but
whether it should be done.
The most compelling reason to perform

re-transplantation is derived from the close
relationship usually established between trans-
plant patients, their families, and members of
the transplant team. When these patients
decline progressively it becomes diYcult for
them, as well as for members of the transplant
team caring for them, to accept the fact that
few alternatives remain to alter the course of
the disease.
If lung re-transplantation is to be performed

at all, it should be reserved only for extremely
well selected patients who remain functional
and ambulatory after transplantation and who
will otherwise meet the same selection criteria
used for patients to undergo transplantation for
the first time.

Lung transplantation in the elderly
Originally,most lung transplant centres did not
perform procedures on patients older than 60
years. With the advances in technique and
medical therapy that have taken place, the age
limits for transplantation were extended in
selected patients aged 60–65 years. In 1989
there was one patient registered for lung trans-
plantation who was older than 65 years. From
that time to 1994 a total of 63 additional
patients older than 65 have been registered on
the lung waiting list (UNOS Update May/June
1996). Likewise, heart-lung transplants used to
be limited to patients younger than 50 years.

This concept has changed, and from 1988 to
1994 78 patients older than 50 years have been
registered for heart-lung transplants.
Figure 5 summarises data derived from the

St Louis International Lung Transplant Regis-
try, reporting yearly actuarial survival for all
transplants reported to the registry ( n = 5004)
compared with yearly survival in recipients
aged >60 (n = 292) and those undergoing
re-transplantation (n = 129). Survival rates for
patients older than 65 years have been lower
than younger patients.36

Lung transplantation in elderly patients is
not only possible, but in a few selected cases
can provide full rehabilitation in otherwise ter-
minally ill subjects. It can be argued that, as the
experience with these procedures increases, a
decline in the higher morbidity and mortality
associated with these subsets of lung transplan-
tation should be expected. The same argument
can be made, however, for first time trans-
plants. The one year survival rates for lung
transplants in 1988 and 1989 were 42% and
58%, respectively, while the one year survival
rates for patients first transplanted in 1993 and
1994 were 76% and 74%, respectively (UNOS
update, July/August 1996). Given the increas-
ingly diYcult problem of limited availability of
suitable thoracic organ donors, ethical ques-
tions can be raised concerning the appropriate-
ness of performing lung transplantation on
patients who will not have the same survival
rates as carefully selected young recipients of a
first transplant. The answer to this question
will probably raise controversial and opposite
opinions. Policy decisions about these issues
will need to be made in the near future, hope-
fully guided by consensus statements made by
responsible transplant-related medical associa-
tions, or by organisations like UNOS. The
shortage of organ donors will make it impera-
tive to reassess currently accepted criteria to
list patients for lung and heart-lung transplan-
tation.

OTHER ALTERNATIVES TO ORGAN DONATION:
XENOTRANSPLANTATION

High hopes are placed on the research
surrounding the use of organs and tissues from
animals to man (xenotransplantation). Histori-
cally, few attempts have been made using
xenotransplantation. Reemtsma37 transplanted
chimpanzee kidneys into terminally uraemic
patients and one patient survived nine months
after transplantation. Starzl and coworkers
attempted to transplant baboon hearts into
humans without good results. His group also
attempted to transplant baboon livers into
patients with severe hepatic failure.38

Xenotransplantation is likely to be a reality
in the next decade. Currently, the main
problems revolve around mechanisms to avoid
rejection. When organ transplantation is at-
tempted between two largely diVerent species
the process is called discordant xenografting.
Discordant xenotransplantation produces a
severe hyperacute humoral rejection, the organ
undergoes hyperacute rejection with oblitera-
tion of small arteries with granulocytes, throm-
bocytes, and erythrocytes. This significant

Figure 5 Survival rates at one, two and three years after lung transplantation as reported
to the St Louis International Transplant Registry. Survival rates are shown for the total
number of patients reported (n = 5004), for patients older than 60 years at the time of
transplantation (n = 292), and for those undergoing re-transplantation (n = 129).
Survival rates are lower for elderly patients and lowest for re-transplants.
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rejection process is related to activation of the
complement system via the classical and alter-
native pathways. Histopathological evidence of
vascular endothelial damage and concomitant
local or systemic coagulopathy will be present.
If the complement trigger of humoral rejection
can be avoided, then cellular rejection could be
managed with conventional T cell directed
immunosuppression as it is done with allo-
grafts. The best hopes rest in the research using
transgenic animals, placing human comple-
ment regulating genes into the organs of pigs.39

Future research may realistically produce
organs from pigs which cannot be attacked by
the human complement system or by human
natural antibodies. Once this hurdle is cleared,
further research will be needed to investigate
and avoid the possibility of transmission of
infectious agents from animals to humans.
Multiple legal, ethical, and religious aspects
will also need extensive review before
xenotransplantation becomes a viable reality.40

Despite these problems, xenotransplantation
may be the only alternative left in the future
(other than the creation of artificial organs) for
the ever increasing population of transplant
candidates.
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