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from the St Louis Children’s Hospital in the
United States, where 207 lung transplants
were performed in 190 children between
1990 and 2002.3 The 2006 International
Society for Heart and Lung Transplantation
(ISHLT) Registry reported a plateauing in the
number of transplants in the paediatric age
range in the past 5 years, with about 40 per
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ABSTRACT

Objective: To describe the results of lung transplantation (LTx) in adolescents at a 
hospital for adults.
Design and setting: Prospective cohort study set in an LTx unit at an adult tertiary 
referral hospital from 1991 to 2006.
Patients: 37 consecutive adolescent lung transplant recipients including 13 males and 
24 females (mean age, 16.7 ±2.0 [SD] years; range 12–19 years) who received heart–lung 
(six patients) or bilateral LTx (31 patients) for cystic fibrosis (29), congenital heart disease 
(four), acute respiratory failure (two), or another disorder (two). Two patients were 

planted after invasive ventilation, five after non-invasive ventilation and two after 
corporeal membrane oxygenation.
 outcome measures: Overall survival compared with an adult cohort; survival free 
onchiolitis obliterans syndrome (BOS); overall and BOS-free survival in those 
planted before and after January 2000.
lts: Mean waiting time was 273 days (range, 5–964 days; median, 163 days), mean 
r age was 28 years (range, 9–53 years). Median inpatient stay was 11 days (range, 

7–94 days). Mean follow-up was 1540 ±1357 days (range, 35–5163 days). The 5-year 
survival rate for the 16 patients transplanted before January 2000 was 38%, versus 74% 
for the 21 transplanted since January 2000 (P = 0.05; Mantel–Cox). Overall, 18 of 35 
evaluable patients developed BOS. Only BOS was associated with an increased 
mortality risk (P < 0.01).
Conclusion: 

MJA 2007; 187: 278–282
LTx may be performed successfully in adolescents at a hospital for adults.

For editorial comment, see page 260
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 g transplantation (LTx) in adoles-

nts is limited in Australia and world-
de by both low numbers of

adolescent and small organ donors, and a
relatively low rate of referral for LTx in this
age group. The first reported series of LTx in
children and adolescents came in the late
1980s from the United Kingdom and
Europe,1,2 and the largest single-centre series

annum in 11–17-year-olds, giving a world-
wide total of 382 since 1995.4,5

In Australia these highly specialised but
low-volume services are provided by adult
institutions, reflecting our low population
density. In this study, we report the initial
experience of LTx in patients in the adoles-
cent age range (12–19 years of age) at St
Vincent’s Hospital, Sydney, Australia, where
the transplant surgery and aftercare were
performed within an adult LTx program that
commenced in 1986; the first adolescent
LTx was performed in 1991.

METHODS

We performed a prospective cohort study of
all adolescent patients who had heart–lung
transplantation (HLTx) or LTx at St Vincent’s
Hospital. Selection criteria for LTx were
according to international guidelines.6,7

Thirty-seven consecutive adolescent
patients (13 male) received heart–lung
transplants (six patients) or lung transplants
(31 patients) from 1991 to 2006. The major
indications were cystic fibrosis (CF; 29
patients), congenital heart disease (four),
idiopathic bronchiectasis (one) and primary
pulmonary hypertension (one). Two other
patients who were previously fit and well
developed acute respiratory distress syn-
drome following influenza infection, and
were successfully transplanted after 10 and
28 days, respectively, of extracorporeal
membrane oxygenation (ECMO) support.
These two patients met all standard criteria
for selection and were deemed to have

excellent rehabilitation potential. Two
patients who were transplanted were receiv-
ing invasive ventilatory support; one with
CF after 3 days, and the other with idio-
pathic bronchiectasis after 42 days. Five
were on full-time non-invasive ventilation as

a bridge to transplantation, one of whom
with CF had been intubated on three occa-
sions leading up to transplantation, with
successful extubation on each occasion.

Characteristics of the 37 recipients before
transplantation are shown in Box 1. Demo-

1 Characteristics of 37 adolescents before heart–lung or lung transplantation 
during 1991–2006 at St Vincent’s Hospital, Sydney

Characteristic Mean SD Range

Age (years) 16.7 2.0 12–19*

Height (metres) 1.63 0.12 1.39–1.91

Weight (kg) 49.8 10.6 32–77

BMI (kg/m2) 19.0 3.0 14.6–27.9

FEV1 (litres)† 0.86 0.27 0.49–1.71

Forced vital capacity (litres)† 1.60 0.54 1.0–3.2

PaO2 (mmHg)† 63.0 11.3 39–94

Six-minute walk distance (metres)† 342 163 100–640

Total lung capacity (litres)† 4.79 1.70 1.93–9.17

* 12 years, one; 13 years, one; 14 years, two; 15 years, seven; 16 years, eight; 17 years, two; 18 years, six; 
19 years, 10. † Where measurable (eg, three patients were ventilated).
BMI = body mass index. FEV1 = forced expiratory volume in 1 second. PaO2 = partial pressure of arterial 
oxygen. ◆
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graphic characteristics relevant to surgery
for the recipients are shown in Box 2.

St Vincent’s Hospital is an adult facility
with neither a specific adolescent ward nor
staff trained in adolescent medicine or man-
agement. Patients were managed according
to our standard adult LTx protocol. Clinical
review was performed at least twice daily
while patients were in hospital. After dis-
charge, patients were reviewed: twice
weekly in the first month; weekly in the
second month; 2–3-weekly to 6 months;
monthly to 12 months; 6-weekly to 24
months; then 3-monthly thereafter, or more
often if clinically indicated. All patients
monitored their FEV1 (forced expiratory
volume in 1 second) twice daily using home
spirometers and were instructed to report
any reduction of more than 10%. Each clinic
visit was accompanied by formal testing in
the lung function laboratory. Full blood
count, renal and liver function tests and
therapeutic drug monitoring of immuno-
suppressive agents were performed at each
visit and when indicated to assess the effects
of changes in dose.

After transplantation, all patients received
triple-drug immunosuppressive therapy
with cyclosporin A, azathioprine or myco-
phenolate mofetil and prednisolone. The six
adolescent patients who had transplants
before 1995 received induction therapy with
antilymphocyte globulin.

Acute rejection was treated with intrave-
nous methylprednisolone (12.5 mg/kg/day)
for 3 days followed by a tapered regimen of
oral prednisolone, starting at 1 mg/kg/day,
and reducing by 5 mg every second day to
0.2mg/kg/day. Patients with refractory rejec-
tion (six patients), intolerable side effects
(six) or bronchiolitis obliterans syndrome
(BOS; three) were switched to tacrolimus.

Serological cytomegalovirus (CMV) and
Epstein–Barr virus (EBV) status were estab-
lished in all donors and recipients. Patients

seronegative for CMV who were trans-
planted with a graft from a CMV-seroposi-
tive donor (CMV “mismatched” recipients)
received antiviral prophylaxis with intrave-
nous ganciclovir (5 mg/kg three times per
week) for 10 weeks. CMV pneumonia was
defined by the presence of typical inclusion
bodies with cytopathic effect on transbron-
chial lung biopsies, and treated with intrave-
nous ganciclovir (5 mg/kg, twice a day for
14–21 days ±10 mg/kg/day three times a
week for the next 14 days).8 Patients under-
went routine surveillance bronchoscopy
with transbronchial lung biopsy at 3, 6 and
9–12 weeks after transplantation, with addi-
tional procedures for new-onset symptoms
or as a follow-up for acute rejection or CMV
pneumonia, as described previously.9 Trans-
bronchial lung biopsies were performed as
described previously,10 and biopsy findings
were classified according to standard ISHLT
nomenclature.11 Pulmonary function tests
were performed according to the guidelines
of the American Thoracic Society.12 BOS was
defined according to the updated recom-
mendations of the ISHLT.13

Statistical analysis
Data were entered prospectively into the St
Vincent’s Lung Transplantation database and
were analysed using SPSS version 14.0
(SPSS Inc, Chicago, Ill, USA). Data were
expressed as mean ±SD and range if nor-
mally distributed, and median and inter-
quartile range (IQR) if not. For the
comparison between means, the independ-
ent t test was used for parametric data and
the Mann–Whitney U test for non-paramet-
ric data. The χ2 test was performed for
categorical variables. Kaplan–Meier survival
curves were compared with the Mantel–Cox
log-rank test. To examine potential variables
that might alter the hazard of post-trans-
plantation death and the risk of BOS, we
chose variables that have been reported

previously as potential risk factors.4,5 Uni-
variate Cox proportional hazards models
were constructed using each variable, and a
final candidate multivariate model was con-
structed using the three variables with sig-
nificant univariate risks for BOS. There were
insufficient numbers of recipients to meet
criteria for a more comprehensive Cox pro-
portional hazards multivariate analysis. For
all tests, P < 0.05 was considered significant.

RESULTS

The mean waiting time to transplant was
273 days (range, 5–964 days; median, 163
days) and the mean donor age was 28 years
(Box 2). Fewer than half the donors were
aged less than 20 years. Fifty-one per cent of
recipients were seronegative for CMV, com-
pared with 27% of donors, and 37% of
recipients were EBV-naïve, only one of
whom developed post-transplant lympho-
proliferative disease. In total, 216 transbron-
chial lung biopsies were performed in 36
patients (mean, 6.0 ±3.7 biopsies per
patient; range, 1–14). Overall, 18 of 35
evaluable patients13 (51.4%) developed
BOS.

For all 37 adolescents transplanted, the
perioperative (30-day), 1-year, 5-year and
10-year survival rates were 97% ±3%,
95% ±4%, 55% ±9% and 55% ±9%, respec-
tively, compared with 96% ±1%, 88% ±2%,
64% ±2% and 45% ±3% for 463 contempo-
raneous adult recipients (P = 0.93; Box 3A).
The sole perioperative death in the adoles-
cent group was caused by cerebral thrombo-
sis, which occurred after the insertion of a
right ventricular support device required for
acute right heart failure associated with pri-
mary graft dysfunction. We would now
manage this situation with ECMO.

Overall, 15 of the 37 adolescent lung
transplant recipients have died in this 16-
year period; 12 of the 15 deaths were caused
by respiratory failure associated with BOS
with or without bronchopulmonary sepsis,
at a mean postoperative day of 1078. One
patient with refractory post-transplant lym-
phoproliferative disease died from sepsis
after chemotherapy. The 5-year survival for
the 16 patients transplanted before January
2000 was 38%, compared with 74% for the
21 patients transplanted subsequently (Box 3B).
BOS-free survival was significantly higher in
the 21 patients who had transplants since
January 2000 (P < 0.01; Mantel–Cox; Box
3C). Freedom from BOS was associated with
a reduced mortality risk (hazard ratio, 0.07;
95% CI, 0.01–0.52; P < 0.01; Box 3D). On
univariate analysis, none of the following

2 Characteristics relevant to surgery for 37 adolescents undergoing heart–lung 
or lung transplantation during 1991–2006 at St Vincent’s Hospital, Sydney

Characteristic Mean SD Range

Waiting time (days) 273 283 5–964

Operation time (minutes) 364 77 240–634

Maximum ischaemic time (minutes) 307 102 98–582

Intubation (hours) 60 138 4–637

Length of hospital stay (days) 18.9 18.7 7–94

Donor age (years) 28.1 13.5 9–53

Donor height (metres) 1.66 1.02 1.41–1.83
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variables was associated with a significant
excess risk of mortality after LTx: recipient
age (P = 0.24); donor age (P = 0.84); CMV
mismatch (P = 0.64); sex of the donor (P =
0.17); sex of the recipient (P = 0.74); donor/
recipient sex mismatch (P = 0.84); ischaemic
time (P = 0.96); pretransplant diagnosis (P =
0.72); or weight (P = 0.54). Univariate risks
for BOS were: increasing recipient age
within the range of 12–19 years (hazard
ratio, 1.44; 95% CI, 1.10–1.89; P = 0.01),
male sex of donor (hazard ratio, 2.69; 95%
CI, 1.03–7.00; P = 0.04); and LTx before
January 2000 (hazard ratio, 3.45; 95% CI,
1.29–9.27; P = 0.01).

The following variables were not associ-
ated with a significant excess risk of BOS
after LTx: donor age (P = 0.23); CMV mis-
match (P = 0.87); sex of recipient (P = 0.56);
donor/recipient sex mismatch (P = 0.57);

ischaemic time (P = 0.99); pretransplant
diagnosis (P = 0.49); and weight (P = 0.92).
Multivariate risks for BOS were age (hazard
ratio, 1.36; 95% CI, 1.05–1.77; P = 0.02)
and LTx before January 2000 (hazard ratio,
3.65; 95% CI, 1.26–10.61; P = 0.02) while
the sex of the donor was no longer signifi-
cant (hazard ratio, 0.38; 95% CI, 0.13–1.06;
P = 0.06).

DISCUSSION

Several groups have reported excellent sur-
vival rates after lung transplantation in pae-
diatric patients compared with adults.14-17

The results of a Spanish study are similar to
our own, with an 8-year survival of 62% for
23 paediatric recipients aged less than 16
years versus 41% for 142 adult patients
defined as aged over 16 years.14 The largest

reported series of 207 lung transplants in 190
children transplanted from 1990–2002 at St
Louis Children’s Hospital showed a 1-year
survival of 77%, with 55% alive at 5 years.3

A recent report from the UK showed a 100%
1-year survival for 23 paediatric patients
who had LTx in 2002–2005 (median age, 14
years).18 Our overall results demonstrating a
95% 1-year and 55% 5-year survival com-
pare favourably with the international
results.

Another UK study showed a clear survival
benefit for children with CF who underwent
LTx,19 and this analysis was based  on
similar listing criteria and donor organ allo-
cation processes as those in Australia. A
recent statistical analysis that used two large
US registry populations to predict survival
advantage for patients with CF undergoing
LTx concluded that transplantation
“. . . never improves survivorship for paedi-
atric patients . . . our results may suggest a
rigid cut-off age of 18 for LTx”. However,
this model did not consider oxygen depend-
ency, blood gas data, exercise capacity or
desaturation on a 6-minute or 12-minute
walk test.20 Centres in Australia, like those
in the UK, prioritise sicker patients for LTx,
in contradistinction to the “time waited”
approach traditionally used for organ alloca-
tion in the US. Indeed, there could be little
doubt that our nine patients who were
dependent on non-invasive ventilation
(five), invasive ventilation (two) or ECMO
(two) derived a real survival benefit from
LTx, as the latter four patients, in particular,
were within days of death. Furthermore, our
improved 5-year survival rate of 74% in
patients transplanted since January 2000
(Box 3B) is significantly above that of the
ISHLT Registry benchmark of 47%.4

Lack of suitably sized donors is the domi-
nant factor determining the availability of
transplantation for adolescents. Lobar trans-
plantation from living related donors is well
established, but limited to groups with
expertise in this area.21 There is no Austra-
lian program for living related donors for
LTx at this time. The Alfred Hospital in
Melbourne has developed protocols for lung
retrieval from “donors after cardiac death”,
in addition to the traditional donation after
brain death, and this will further increase
the donor pool in Australia.22

Factors contributing to our improved sur-
vival rates documented since 2000 include
evolving strategies in many areas associated
with long-term survival detailed below.
Chronic renal disease largely related to cal-
cineurin-inhibitor toxicity is a significant
problem in paediatric (and adult) LTx, and

3 Survival after lung transplantation at St Vincent’s Hospital, Sydney, 
1991–2006

Vertical tags denote when patients were censored (ie, removed from the estimation at the end of their follow-
up time). BOS = bronchiolitis obliterans syndrome. ◆
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has been shown to be most dramatic in the
adolescent age range.23 Strategies to prevent
chronic renal impairment and end stage
renal disease by C2 monitoring (2-hour
post-dose monitoring of cyclosporin levels)
have been a particular focus of our unit.24,25

C2 monitoring has replaced the traditional
trough-level monitoring of cyclosporin (C0
monitoring) in our unit since 2000, with the
developing body of evidence in solid organ
transplantation showing superior outcomes.
Furthermore, we have shown that C2 moni-
toring can reduce the incidence of early
acute cellular rejection, which is one of the
biggest risk factors for BOS, the leading
cause of death in long-term survivors of
LTx.26 Missed rejection could also be rele-
vant, despite our rigorous transbronchial
lung biopsy surveillance program. Even
minimal rejection has been shown to
increase the risk of BOS.27 Thus, we have
not modified our transbronchial lung biopsy
surveillance program in this younger age
group, and have not experienced increased
difficulties or complications of the proce-
dure compared with when it is performed in
adults. The recent series from the UK, with
100% 1-year survival of its paediatric lung
transplant recipients, used a bronchoscopy
surveillance protocol similar to our own, but
extending out further to 12 months after
LTx, and draws the same conclusions about
its clinical utility and safety in this age
group.18 Our experience since January 2000
shows more patients are remaining BOS-free
(Box 3C), and computing their likely sur-
vival based on our experience of BOS-free
survival to date (Box 3D) provides evidence
for guarded optimism.

Early series of LTx in younger age groups
report an increased incidence of CMV-mis-
matched and EBV-mismatched grafts,
largely because of the low rate of prior CMV
and EBV exposure in recipients before trans-
plantation.28,29 The advent of antiviral
agents specifically targeted against these
viruses has reduced the impact of these
infections as serious problems after LTx,
particularly with prophylactic strategies
using ganciclovir or valganciclovir against
CMV. Also, avoidance of induction therapy
(since 1995) and long-term treatment with
aciclovir or valaciclovir (introduced in
1998) significantly reduces the incidence of
post-transplant lymphoproliferative disease
in EBV-naïve recipients.30

There are no LTx reports that differentiate
outcomes between paediatric and adolescent
age groups, but reports in other solid organ

transplant recipients identify decreased
adherence to therapy among adolescents,
resulting in an increased incidence of late
acute rejection and chronic rejection, with
reduced survival in adolescents compared
with both paediatric and adult recipients.31

Our results mirror these findings, as increas-
ing age (within the age range 12–19 years)
was associated with an increased risk of BOS
on both univariate and multivariate analysis.

We do not have an exclusion policy for
patients suitable for LTx based on age or size
criteria alone, and consider each case on its
merits. Currently in Australia, there is no
dedicated stand-alone paediatric service for
LTx, although all adult units (Sydney, Mel-
bourne, Brisbane and Perth) accept referrals
of adolescent patients. If a patient were
considered too small or too young for the
expertise within our country, we would
encourage and facilitate referral to an over-
seas unit by using an act of grace payment (a
special payment by the Australian Govern-
ment for established medical care not avail-
able within the country).

Our approach to managing adolescents
has evolved significantly, driven by the
adverse outcomes in the early phases of our
experience. In particular, the early develop-
ment of BOS and death between 2 and 3
years after transplantation among adoles-
cents was identified as a striking difference
from the adults in our program. Changes to
our practice include the development of
strategies for better communication with
our young patients to help them negotiate
the challenges of adolescence. We have
focused on developing open, non-judge-
mental communication between patient and
health care provider to reduce risk-taking
behaviour such as poor adherence to ther-
apy and experimentation with alcohol and
drugs. These developments have evolved in
our program, and so we are unable to
formally evaluate them.

In conclusion, our data show that LTx can
be a successful therapy for adolescent
patients with end-stage lung disease when
performed at an adult hospital with exten-
sive LTx experience. However, we recognise
that, as an institution for adults, without
dedicated staff or funding to manage the
special needs of adolescents, better results
might well be achieved with further exper-
tise in this area. Transition from paediatric to
adult care, in particular, needs careful man-
agement by dedicated and experienced staff
to ensure optimum outcomes.
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