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Paediatric lung transplantation: the agony and the ecstasy

The introduction of cyclosporin A into clinical practice'
catalysed a huge resurgence of interest in cardiothoracic
transplantation, and enabled Reitz et al at Stanford to
perform the first successful heart-lung transplant for pul-
monary vascular disease in 1981.2 Thereafter this treat-
ment was offered to patients with cystic fibrosis who
followed similar post-transplantation courses, despite
early concerns of recurrence of the original disease and
sepsis in the allograft.3

Single and double lung transplantation were later de-
veloped for adults with diagnoses including emphysema
and fibrotic lung disease, thereby increasing the pool of
recipients." The 1992 Registry of the International
Society for Heart and Lung Transplantation reported that
over 2200 lung transplants (all types) had been performed
worldwide, with an actuarial survival ranging from 59% at
one year to 42% at five years.9
Few data regarding lung transplantation in children

have been published, although it appears that mortality
and morbidity may be greater in this younger age
group.'01' The following discourse relates to a five year
experience with combined heart-lung transplantation in
children and adolescents at The Hospital for Sick Child-
ren, London. Although this relates specifically to heart-
lung transplantation, it remains applicable to all types of
paediatric lung transplantation.
At this institute, up to June 1993 a total of 160 patients

have been assessed of whom 32 have received transplants.
As with earlier experience,'2 most of the patients referred
for assessment had cystic fibrosis, representing 75% of the
total cohort.

The agony
Anxiety for both child and family may accompany the
initial referral for heart-lung transplantation. This may be
related to the fear of being "unacceptable" for transplanta-
tion, but possibly more simply a fear of the unknown - that
is, different centre and staff, a new form of treatment, etc.
The four day admission for transplantation assessment
and preparation can be arduous and disquietening. The
media, rightly, extol the positive aspects of transplantation
but, in so doing, may misrepresent this form of treatment.
Many believe that transplantation is simply a surgical
procedure effecting a permanent cure, and are dismayed at
the prospect of lifelong immunosuppression therapy with
all its attendant risks. In addition, the prospect of short
and long term complications, including acute and chronic
rejection, infection, change in body appearance and, ulti-
mately, premature death, induce further distress.
One of the selection criteria is a prognosis of less than

two years. The realisation that the child's life expectancy is
therefore reduced to this time scale once accepted for
transplantation may present emotional difficulties for the
family. These concerns may be exacerbated whilst await-
ing transplantation as the "countdown" proceeds. This
may produce further psychosocial morbidity while acce-
lerated clinical deterioration has also been observed.'3
As a result of the limited number of suitable donor

organs, more transplant centres, and a rise in the number
of patients awaiting lung transplantation, we have noted a
greater attrition rate in those waiting and a greater waiting
period to transplantation. At our institute 49 children,
representing 48% of those accepted, have died whilst

awaiting transplantation, while the mean time to trans-
plantation has increased from a previously reported 3-3
months in 199012 to over 10 months in 1993.
As pressure to transplant mounts, suboptimal donors

may be considered; potential recipients are often called in
and then disappointed when the donor has eventually been
declined. These aborted trips - which may number two or
even three - add to the overall emotional burden of the
family, which may also be compounded by the many false
alarms raised by the accidental sounding of the omnipre-
sent pager. Warner described this as an "exquisite form of
torture" for the rapidly deteriorating child and, in addi-
tion, was concerned by the inappropriate avoidance of
palliative care. 14
We have been fortunate to have experienced a relatively

low early postoperative (<30 days) mortality (6%) and,
accordingly, the actual period after surgery has often been
one of cautious euphoria and high expectations. However,
all recipients endure at least one episode of acute pulmon-
ary rejection within the first two postoperative weeks.
Many continue to have recurrent rejection and, in parallel
with the increasing levels of immunosuppression adminis-
tered, so too the risks of pathogenic and opportunistic
infections increase.

Rejection and infection of the lung allograft, together
with other insults including ischaemia and lung denerva-
tion, may contribute to the development of obliterative
bronchiolitis.'5 This devastating condition accounts for
much of the later morbidity and mortality experienced by
lung transplant recipients of all ages. In this cohort its
occurrence has been observed as early as two months after
transplantation, with a definite population afflicted within
the first year. This early onset obliterative bronchiolitis
appears to represent a clinically more aggressive form of
the disease than that which occurs later, although both
show identical histology.'6
With disease progression patients develop worsening air

flow obstruction associated with hypoxia, and are prone to
infective exacerbations related to the development of a
central bronchiectasis. Regrettably, actuarial freedom
from obliterative bronchiolitis in those surviving to three
years is only 37%. Attempts to halt or at least attenuate
this pathological process by medical therapy have proved
unsatisfactory,'7 and the only definitive treatment is
retransplantation. Results for the latter have so far been
disappointing." 18 Naturally, therefore, patients and fami-
lies are devastated once the diagnosis of obliterative bron-
chiolitis has been established and the limited treatment
options explored.
Changes in body appearance induced by immunosup-

pression therapy - that is, hypertrichosis and gingival
hypertrophy with cyclosporin A; cushingoid features with
steroids, etc - may become intolerable for adolescent
patients. This has resulted in non-compliance with the
therapeutic regimen, producing a significant deterioration
in graft function. As with paediatric renal transplantation,
non-compliance may be a major cause (up to 27%) of late
graft loss.'9

The ecstasy
Even though the realisation of a limited prognosis may
create anxiety, this is often outweighed by the optimism
engendered by the patient being accepted onto an active
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waiting list for transplantation. For many it represents a
chance that the life of the child will be extended, that the
quality of life will improve and, particularly for those
afflicted with cystic fibrosis, that a "normal" existence may
be experienced for the very first time. We have even
observed an improvement in the clinical status of some
patients following acceptance for this procedure, presum-
ably secondary to this overwhelming optimism.
There is no doubt that, for those receiving transplants,

actuarial survival to three years is improved and is cur-
rently 63% (95% confidence interval: 42%-78%) at one
year; 54% (95% CI: 33%-71%) at two years; and 48%
(95% CI: 27%-66%) at three years.'6 This compares with
100% mortality at two years for those not transplanted.
For most, these odds for short and medium term survival
are enough to become fully committed to transplantation.
There are few instances in clinical practice that compare

with the transformation of a chair-ridden, oxygen-
dependent, cachectic youngster to a vigorous, active indi-
vidual within weeks or even days of successful transplanta-
tion. At one year after transplantation most survivors
enjoy an excellent quality of life afforded to them by this
superior clinical status. In patients with cystic fibrosis, for
example, pulmonary function, as measured by FEV,, was
increased from a mean of 25% (percentage of predicted
normal) before transplantation to 74% at one year after
transplantation, enabling an elevated level of sporting
activity and return to full time school.
These benefits to the transplanted patient also have

positive implications for other family members. With a
reduction in the time spent administering treatment, fami-
lies have time to pursue more enjoyable activities. This has
often led to an improvement in family functioning and a
significant diminution in the level of parental stress.

The future
Current thrusts to improve the efficacy of lung trans-
plantation include increasing the number of available
donors, the development of more effective and selective
immunosuppressive agents, and prevention of obliterative
bronchiolitis. Methods to increase the number of suitable
donor organs will hopefully lead to more children being
transplanted, a reduction in the attrition rate of those
waiting and, accordingly, greater "ecstasy" associated
with this treatment. In the UK this has included a Depart-
ment of Health and Royal College of Surgeons initiative to
zone potential donor populations to major transplant
centres and create multiorgan donor retrieval teams.
Potential benefits of such a scheme include improved
donor care, leading to harvesting the maximum number of
potential donor lungs.
Another method of increasing the donor pool would be

to introduce an "opting out/presumed consent" rather
than the present "opting in" policy for the donation of
organs. This currently occurs in other European countries
including France, Austria, and Belgium. Much debate has
been generated concerning the ethics of such a change in
policy. However, we feel that increasing public awareness
of actively consenting to organ donation is ethically and
morally more acceptable.
A further option to increase the donor pool is to use

living related donors. Vaughn Starnes, formerly at Stan-
ford and now in Los Angeles, has pioneered lobar trans-
plantation from living related donors into children with
end stage pulmonary parenchymal or vascular disease.20
This constitutes an exciting advance in the field of lung
transplantation, but the ethics of such a procedure are
even more complex than those associated with the "opting
out/presumed consent" issue and will probably prevent
widespread utilisation.2'

Another possible source of organs is from non-human
donors - that is, xenotransplantation. To date clinical
xenografting of heart22 and liver23 have not permitted long
term survival because of the development of an uncon-
trollable form of humoral rejection, the usual accompani-
ment of cross-species transplantation. Immunosuppres-
sion regimens have been developed to overcome this
humoral form of rejection and have enabled successful
experimental xenografting.24
Another exciting prospect has been developed by White

et al at Cambridge. They have successfully bred transgenic
mice expressing a human cell surface molecule (decay
accelerating factor, DAF) which deactivates human com-
plement.25 This may abrogate the humorally mediated
hyperacute rejection observed in xenotransplantation. A
transgenic pig model is also being developed for possible
future clinical use.
There is a plethora of new immunosuppressive agents

currently progressing through various trial phases which
may potentially have a similar impact on clinical lung
transplantation in the 1990s as cyclosporin A has had over
the past decade. Some of these include FK506, Rapamy-
cin, RS16443, and more specific monoclonal antibody
therapies.26 The ideal agent is one which induces immuno-
logical tolerance of the allograft without over-immuno-
comprising the recipient, thereby limiting the risks of
opportunistic infection, malignancy, or both. With
improved more selective agents the devastating problem of
obliterative bronchiolitis may also be surmountable.

In genetically determined conditions such as cystic
fibrosis the evolution of replacement gene therapy27 may
prevent or even reverse the severe pulmonary complica-
tions associated with this disease, thereby eliminating
altogether the need for lung transplantation. The efficacy
of this treatment remains to be determined, however, and,
until then, lung transplantation will be used for end stage
pulmonary complications of cystic fibrosis as well as for
other pulmonary diseases. Our goal therefore is to maxi-
mise the benefits of transplantation by increasing both the
quantity and quality of survival and, like Michelangelo,
revel in the ecstasy of having created a therapeutic master-
piece.

The authors wish to thank Miss A McGregor for preparation of the manu-
script.
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