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Abstract
In order to determine the results of steroid-
sparing maintenance immunosuppression in

paediatric patients who have undergone
orthotopic heart transplantation (OHT), a

retrospective study was undertaken in 12
children and five infants (median age 3-5
years). Preoperative diagnoses were cardio-
myopathy in seven and congenital heart disease
in 10 patients. Immunosuppression was

induced by cyclosporin, azathioprine, methyl-
prednisolone, and antihuman lymphocyte
immune globulin. It was maintained with
cyclosporin and azathioprine. After induction,
five patients received no further steroids. The
remainder, except one, required only pulses
for rejection (13 episodes or 0-51 episodes/
patient year). Long term complications
included hypertension in six, and renal
impairment in three children. There were no

early or late deaths from infection. Actuarial
survival was 94% at one year. Of the children
followed up for more than one year, all
demonstrated an increase in height SD scores

(mean (SD) -2-15 (1-35) to -1-15 (1-16)). We
conclude that a steroid-sparing maintenance
immunosuppression regimen can be success-

fully employed in paediatric OHT, and that
significant catch-up growth can be achieved
postoperatively.

(Arch Dis Child 1992;67: 1262-6)

Cardiac transplantation is now an accepted form
of treatment for infants and children with end
stage cardiac disease. Since 1984 more than
1100 such procedures have been performed
worldwide in children up to the age of 18 years,
and cardiac transplantation in infants younger
than 1 year old has been the most rapidly

Table I Details ofpaediatric cardiac transplant recipients

Case Diagnosis Previous Age PVRI Donor: Inotropes
No surgery recipient'

1 Cardiomyopathy - 5 months 3-6 1-3 Yes, ventilated
2 CHD Yes 2-4 years - 1-3 No
3 Cardiomyopathy - 8 years 6-7 1-3 No
4 CHD Yes 8 1 years 1-4 1-5 No
5 Cardiomyopathy - 12 2 years <1 0 9 No
6 CHD Yes I Iyears 3 0 1-4 No
7 Cardiomyopathy - 9 7 years 4-8 1-1 Yes
8 CHD No 5 weeks - - Yes, ventilated
9 CHD Yes 4-8 years 5-0 2 2 No
10 CHD Yes 3 years - 1-9 No
11 CHD Yes 3-5 years 2-1 1-6 No
12 CHD No 3 years 4 5 1-7 No
13 CHD Yes 8 years 1-6 1-2 No
14 Cardiomyopathy - 54 months 3 0 2 1 Yes
15 Cardiomyopathy - 9-2 months - 1-1 Yes
16 Cardiomyopathy - 10 weeks - 1-8 Yes, ventilated
17 CHD No 3-7 years - 1 1 No

CHD congenital heart disease, PVRI pulmonary vascular resistance index.
Donor: recipient weight ratio.

growing area during the last five years.'
Actuarial survival of 72% at one year and 60% at
five years is being achieved internationally.2
The improved survival of cardiac transplant
recipients with cyclosporin based immuno-
suppression is well established, but controversy
remains as to whether steroids should be used in
the paediatric patient, particularly in view of its
long term side effects in this age group.2 3 Since
the inception ofour paediatric cardiac transplant
programme in 1987, we have adopted a steroid-
sparing regimen for maintenance immuno-
suppression. This report summarises our
experience in 17 children under the age of 13
years who have received an orthotopic heart
transplant (OHT).

Patients and methods
Between October 1987 and August 1991, 17
OHTs have been performed in 17 children at
the Freeman Hospital, Newcastle upon Tyne.
The patients ranged in age from 5 weeks to 12-2
years (median 3 5 years), with five infants under
the age of 1 year. Patient details are illustrated
in table 1. The preoperative diagnoses were
cardiomyopathy in seven children and congeni-
tal heart disease in 10. Of the latter, seven had
previously had closed heart surgery: four had
pulmonary artery banding and three had
systemic to pulmonary arterial shunts. Six
children were in hospital and dependent on
inotropes, and three were ventilator dependent
before OHT. Sixteen of the 17 children survived
OHT and have been followed up from 38 days
to 3-8 years (median 1-4 years). The case
records of these children were reviewed to
determine the incidence of rejection, hospital
admissions for intercurrent illnesses, and late
complications. Growth data was available from
standing height measurements in 11 children
who had been followed up for more than one
year. For comparative purposes, height and
velocity were expressed as SD scores.4 Renal
function was assessed by a calculated glomerular
filtration rate (GFR) based on Barratt's
formula.5 This formula is only applicable to
children older than 6 months: a figure of >80
ml/min/l -73 m2 was taken to indicate normal
GFR.

IMMUNOSUPPRESSION
Immunosuppression was induced by the oral
administration of cyclosporin 10 mg/kg and
intravenous administration of azathioprine
4 mg/kg two hours before OHT. Peroperatively,
methylprednisolone 10 mg/kg was given intra-
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venously at the end of cardiopulmonary bypass,
and three further doses of 2 mg/kg were given at
eight hourly intervals in the first 24 hours. The
postoperative immunosuppression regimen
consisted of oral cyclosporin (8 mg/kg/day), oral
azathioprine (1-3 mg/kg/day), and intravenous
antilymphocyte globulin (Lymphoglobulin,
Institut Merieux, 5 ml/10 kg/day) for the first
seven days. Cyclosporin dosage was adjusted to
maintain a trough concentration of 400 ng/ml
(radioimmunoassay for whole blood, Incstal
Ltd) for the first six weeks, reducing to 200 ng/
ml thereafter. Azathioprine dosage was adjusted
to maintain the white cell count greater than
4x 109/1. Steroids were not used for maintenance
immunosuppression. Prophylactic flucloxacillin
was given in the early postoperative period.
Broad spectrum antibiotic cover was avoided for
prophylaxis or treatment. Sulphamethoxazole-
trimethoprim (three days per week), acyclovir,
and nystatin were administered orally for 12
weeks as prophylaxis against Pneumocystis
carinii, herpes simplex, and candida respectively.

REJECTION SURVEILLANCE AND TREATMENT
Non-invasive rejection surveillance via cross
sectional and M mode echocardiography was

the norm, supplemented by endomyocardial
biopsy in suspicious cases in children older than
1 year. Echocardiography was performed twice
weekly for six weeks, at weekly intervals there-
after until 12 weeks, fortnightly intervals there-
after until six months, monthly intervals
thereafter until 1 year, and then every six weeks
indefinitely, or as clinically indicated. A reduc-
tion in fractional shortening, an increase in left
ventricular wall thickness, or the detection of a

new pericardial effusion were taken as signs of
rejection. Rejection was diagnosed whenever
these signs were associated with clinical features
ofrejection-that is, unexplained fever or weight
gain, lethargy, irritability, poor feeding,
arrhythmia, gallop rhythm, or congestive
failure-and confirmed by an appropriate
response to treatment.

Intravenous methylprednisolone (10 mg/kg)
for three days was given for rejection within the
first six weeks. This was followed by oral
prednisolone (1 mg/kg) which was generally
tapered off over three to four weeks. Rejection
occurring after the first six weeks was treated
likewise with oral prednisolone unless it was

severe, in which case steroids would be given
intravenously. All our patients have responded
to augmented steroids: we have not had to
resort to antithymocyte globulin or OKT3 or

refractory rejection.

CORONARY ANGIOGRAPHY
Coronary angiography is performed electively at
yearly intervals from the second year onwards.

STATISTICAL METHODS
Comparison of the ages of rejectors and non-

rejectors was performed with the Mann-Whitney
U test. Univariate analysis of rejection by age
was with Fisher's exact test. Height SD score at
transplant and one year after were compared
using the Wilcoxon signed rank test. Statistical
significance was taken at the 5% level. Actuarial
survival was calculated according to the method
of Kaplan and Meier.6

Results
After induction of immunosuppression, five
patients did not receive any more steroids. All
remaining children required pulses for rejection.
Of these, two required a prolonged low dose
prednisolone tail for continuing mild rejection:
one is now off steroids and has remained free of
rejection for six months, the other is currently
still on prednisolone 0 I mg/kg/day. Five
patients did not tolerate azathioprine and are

currently maintained on cyclosporin alone.
Table 2 illustrates early and late complications

and survival data. Actuarial survival was 94% at
one year. Thirteen episodes ofrejection requiring
treatment were diagnosed by echocardiography
with or without endomyocardial biopsy (0-51

Table 2 Follow up data on paediatric cardiac transplant recipients

Case Ischaemic Perioperative Rejection episodes Hypertension Renal Survival
No time complications (late) function

(min) <3 months >3 months (ml/min)- 73 in)

1 69 Staphylococcal - - No 148 3-8 years
septicaemia,
gastroenteritis

2 89 - 1 - No 54 3-4 years
3 210 CMV infection - - No 57 3-1 years
4 206 - I - No 86 2-1 years
5 168 - I - Yes 71 19 years
6 220 Convulsions - - No 83 1-7 years
7 170 Left hemiparesis 1 2 Yes 115 1-6 years
8 176 Donor failure - - - - DOT
9 271 - - 1 Yes 166 1-4 years
10 137 Hypertension 1 - No 112 1-3 years
11 220 - - I No 90 1-2 years
12 72 Hypertension, urinary I - No 109 1 1 years

tract infection
13 226 Bleeding (reoperated), I 1 Yes 91 12-5 months

fits (hypertensive
encephalopathy)

14 184 Line sepsis,1 - No 135 9-8 months
gastroenteritis

15 164 Hypertension, line - - Yes 83 7-4 months
sepsis

16 213 Hypertension - - Yes NA 79 days
17 173 PUO - NA No 101-5 38 days

CMV=cytomegalovirus, DOT=died on table, NA=not applicable, PUO=pyrexia of unknown origin.
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episodes/patient year); eight occurred within
the first three months of OHT (0-17 episodes/
patient month). Of 13 episodes of treated
rejection, four were diagnosed on clinical and
echocardiographic grounds alone. Endomyo-
cardial biopsies were performed in the remaining
nine episodes: moderate rejection according to
the Billingham classification7 was confirmed on
four occasions, mild rejection on four, and
minimal rejection on one occasion. Six patients
(including three infants) never rejected. There
was no significant difference between the mean
age of the non-rejectors and that of the rejectors
(4 v 5-5 years, p>005), nor was there any
significant difference between the number of
rejection episodes in the first month among the
infants when compared with older children
(p>0 05)

Paediatric OHT patients were admitted to
hospital 3-54 times/patient year (fig 1). Most
commonly, admissions were for the diagnosis
of unexplained fever and the exclusion of
rejection. The usual childhood infections were
tolerated well, and did not appear to occur
with undue frequency. Apart from a single
episode of staphylococcal septicaemia in the
perioperative period, life threatening infections
have not been a problem.
By contrast, hypertension has been a signi-

ficant early and late complication requiring
treatment. Five children developed early post-
operative hypertension, one complicated by
hypertensive encephalopathy with convul-
sions. Not all of these children required long
term antihypertensive treatment, however:
two remained normotensive despite discon-
tinuation of their treatment. The remaining
three children, and three others who became
hypertensive on follow up, required long term
antihypertensive treatment.

Three children had impaired renal function
as assessed by Barratt's formula, with an
estimated GFR <80 ml/min/1-73 m2 (table 2).
All three children had normal preoperative
renal function, although one child had docu-
mented reflux nephropathy.

Coronary angiography was performed on
four children who have survived for two years
or more. To date we have not detected any
evidence of accelerated graft coronary disease.

PUO/viral
1 22

URTI
0O39

RTI
059

WI

Otitis media UTI
o02 Rejection 0.12

0.39

Other
012

Gastroenteritis
0 51

Figure Hospital admissionsforpaediatric cardiac
transplant recipients (linearised ratelpatientyear).
PUO=pyrexia ofunknown origin, RTI= respiratory tract
(chest) infection, URTI-=upper respiratory tract infection,
UTI=urinary tract infection.
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Figure 2 Growth after paediatric cardiac transplant.

Progressive changes in height SD score
after OHT are shown in figure 2. All patients
demonstrated an initial increase in height SD
score, with the mean (SD) height SD score
increasing significantly from -2 15 (1-35) to
-1-15 (116) during the first year after trans-
plantation (p<0 005). Mean (SD) height velo-
city during the first year was 10-3 (2-2) cm/year
and height velocity SD score was 4-11 (2 03).
Overall, patients with cardiomyopathy were
taller before transplantation than patients with
congenital heart disease (height SD score
-I-48 (0-69) v -2-41 (1-48), and attained a
smaller height velocity response during the first
year after transplantation (height velocity 8-53
(2-56) v 10-99 (1-78) cm/year; height velocity
SD score 3-32 (3-6) v 4-4 (1-34)). However,
sample sizes are small and none of the differences
achieved statistical significance. Likewise, a
meaningful statement cannot be made regarding
postoperative growth in patients who received
pulsed steroids when compared with those who
did not, as only one patient has been followed
up for more than one year in the latter group.
All patients currently enjoy a good quality of
life, although one patient is showing signifi-
cantly delayed psychomotor development.

Discussion
Yacoub et al, in 1985, reported initial results of
steroid-sparing immunosuppression in 67
patients, with an actuarial survival rate of 82%
at one year.8 Subsequently, two prospective,
randomised clinical trials have been performed
in adults.9 '° Both studies reported an increased
incidence of rejection on a steroid-sparing
regimen, with possible benefits in terms of a
reduction in the incidence of hypertension,
serious infections, and the development of
diabetes. A recent survey of paediatric heart
transplant practice in the USA showed that 74%
of centres used steroid-based maintenance
immunosuppression (cyclosporin, prednisolone,
azathioprine), 17% used cyclosporin and
prednisolone, and 26% used steroid-sparing
regimens.2 Since the inception of our paediatric
cardiac transplant programme in 1987, we have
adopted a steroid-sparing maintenance im-
munosuppression regimen, consequent upon
our concern about the effects of steroids on
growth and infection in this age group. We
present in this report the medium term results
of our regimen in 16 children who have survived
orthotopic heart transplantation.
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SURVIVAL
Of the 17 children, one died in the immediate
postoperative period of primary donor organ
failure. All other children in this series have
survived OHT and are alive at current follow
up. Actuarial survival at one year is 94%. The
risk of paediatric OHT is documented to be
higher than adult OHT: operative mortality is
24% in children -4 years and 16% in children
5-9 years.' Donor organ preservation failure,
donor right heart failure associated with reci-
pient pulmonary hypertension, difficulty in
reconstructing complicated pulmonary artery
anatomy, and haemorrhage are often respon-
sible.'l There seems to be general consensus
that OHT is contraindicated if the pulmonary
vascular resistance index (PVRI) is greater than
5-6 Wood units/M2 despite pharmacological
manipulation'2-'4; the risk becomes pro-
hibitively high if this is associated with pre-
operative inotrope dependency.'2 The majority
of our patients with congenital heart disease had
a 'protected' pulmonary circulation by virtue of
their pulmonary artery banding or pulmonary
stenosis, and only one of our patients with
cardiomyopathy had a PVRI of >6. These
factors may explain at least in part our excellent
operative mortality. On the other hand, we have
not had any technical deaths attributable to
previous pulmonary artery banding (four
children) or systemic-pulmonary shunting (three
children).

REJECTION
Table 3 compares the linearised incidence of
rejection in our patients with those figures
published by other centres. The different series
are not directly comparable, as the age composi-
tion of the patient groups is different and the
method of rejection surveillance dissimilar.
Nevertheless the various incidences are within
the same order of magnitude, regardless of
whether steroid-sparing or steroid-based main-
tenance immunosuppression was employed. The
real question is whether the tendency to reject is
the same in infancy, childhood, and adolescence.
Animal experiments suggest that the host
immune response is less aggressive and more
easily controlled shortly after birth, and clinical
observations have confirmed that the newborn
infant (0-30 days) may be immunologically the
best possible recipient of a cardiac allograft.'6
Other workers have reported that rejection
occurred more commonly in adolescents than in
children and infants,'7 although we have not
found a significant difference in the frequency
of rejection between infants and older children.
We have, however, experienced difficulty in

Table 3 Linearised rejection incidences in published series

Series Mean age Episodeslpatient month Immunosuppression Rejection
regimen surveillatce

1st month I st 3 months

weaning two of our older children from steroids
after augmented immunosuppression for rejec-
tion, and other workers have had similar experi-
ences." 18 Significantly, late deaths from
rejection have been reported in most published
series involving older children" 17 1 but not
infants.'5 20 21 These observations support the
concept of a 'window of opportunity' in neo-

natal,22 and perhaps early childhood trans-
plantation, which may be reflected by the
satisfactory control of rejection with a less
aggressive immunosuppressive regimen.

LATE COMPLICATIONS
The most frequent late complications in paedia-
tric OHT are infection, hypertension, renal
impairment, and growth retardation. 9 Of
greater concern, although occurring less fre-
quently, are malignancies and coronary artery
disease.

In common with some other published
series17 19 20 there were no late deaths due to
infection in our patients. However, this cannot
be attributed to our steroid-sparing main-
tenance regimen as similar results have been
reported with steroid-based maintenance
immunosuppression.'7 19 Minor infections and
undiagnosed fever were common reasons for
hospital admissions among our patients. These
admissions were more precipitated by the
spectre of rejection and overwhelming infection
than the severity of the illness, and it is perti-
nent to note that neither has been a problem
beyond the first year. Nevertheless, two chil-
dren have had troublesome and persistent chest
infections requiring recurrent admissions and
prolonged courses of antibiotics. Like others,
we have not noted a greater frequency of minor
ailments in our patients over that of children in
the general population.23

Hypertension is a common adverse effect of
cyclosporin treatment,3 which may be poten-
tiated by steroids.24 It has been reported to
occur in 40-96% of children undergoing
OHT. 1" 9 Our experience is in accord with the
former figure. Nephrotoxicity is another
common adverse effect ofcyclosporin,25 although
long term renal impairment may not be as great
a problem as feared.'6 18 26 Indeed, a recent
report suggests that renal function can be
preserved in paediatric patients if the whole
blood trough concentration was maintained
between 100 and 200 ng/ml.27 However, all
three children with estimated GFR <80 ml/
minll73 m2 in our series had normal preopera-
tive renal function, although one had docu-
mented reflux nephropathy.
At the time of OHT, our patients were

substantially shorter than normal. This may be
due to the multifactorial, though well recognised,
adverse effect of cardiac failure on growth.28 In
all our patients in whom adequate growth data
is available, catch-up growth is observed during
the first year after transplantation. While
surgical correction of congenital heart disease
frequently improves growth29 there is limited
and conflicting data on the effects of OHT.
With steroid-based maintenance immuno-
suppression, some groups have reported growth

Current 3-8 years 0-38 0-17 CA Non-invasive
Loma Linda'5 1-8 months 0-82 0-71 CA/C Non-invasive'
Pittsbur h" 9 years 0-7 - CPA ?
Stanford 7-4 years 0-67 (0 34)t CPA Biopsy

C=cyclosporin; A=azathioprine; P=prednisolone.
tFirst year of life only, biopsy thereafter; tthird month.
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retardation in up to 75% of children younger
than 14 years,26 while others have demonstrated
normal growth after transplantation." 9 The
use of steroids for cumulative periods of more
than one month, at two or more times the
physiological replacement dose, has been impli-
cated in those children with unsatisfactory
growth after transplantation.30 Therefore, the
use of a steroid-sparing maintenance immuno-
suppression regimen may in part explain the
excellent initial growth response observed in
our patients after OHT. Nevertheless, after the
first year, our patients as a group remain shorter
than normal, and the catch-up effect appears to
wane. Further analysis of the data is limited by
the lack of bone age measurements: it remains
to be seen with prolonged follow up whether
these children have a normal growth potential,
but with some constitutional delay.

Finally, the occurrence of accelerated
arteriosclerosis and lymphoproliferative diseases
in paediatric OHT patients is well esta-
blished," 19 31 although we have not, as yet,
noted either in our patients. The use of steroids
may theoretically contribute to the former,3
while the use of cyclosporin and azathioprine is
known to be associated with the latter. It
remains to be seen whether a steroid-sparing
maintenance immunosuppression regimen will
result in reduced graft coronary artery disease in
this age group, although there is evidence in
adults that this may be so.32

CONCLUSION
These results confirm that a steroid-sparing
maintenance immunosuppression regimen con-
sisting of cyclosporin and azathioprine can be
successfully used in paediatric OHT, with
acceptable early and late morbidity. Potential
benefits include improved growth. Further
follow up is required to determine if this
regimen results in a reduced incidence of
accelerated graft coronary artery disease.
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