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GROWTH ACCELERATION IN CHILDREN WITH CHRONIC RENAL FAILURE TREATED
WITH GROWTH-HORMONE-RELEASING HORMONE (GHRH)
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Summary Growth retardation is a prominent clinical manifestation in children with chronic

renal failure (CRF). Nine children with CRF (3 on conservative treatment; 3
on dialysis and 3 after renal transplantation) aged 1.6 to 14.0 (x = SE: 8.1 = 1.4) years,
were treated with twice daily subcutaneous injections of 26 = 2.4 pg/kg/day growth-hor-
mone-releasing-hormone [GHRH (1-29) NH, Serono (Geref)] during 3 to 6 months. Mean
serum urea and creatinine remained stable, although 2 patients on conservative treat-
ment showed a moderate increase in serum creatinine. At the start of the study, heigth
SDS was - 2.2 = 0.2 (x = SE), growth velocity was 4.5 = 1.0 cm/year (- 2.3 = 0.6 DS for
chronological age) and growth hormone (GH) response to acute GHRH test (1 pg/kg V)
was 62 = 17.5 ng/ml. Five patients increased height velocity from 3.8 = 0.7 to 8.0 = 1.2
cm/year (paired t test, p < 0.05). The peak GH response to GHRH was significantly higher
in the group of growth non-responders than in the responders (p < 0.05). In conclusion, 5
out of 9 short children with CRF, 3 on conservative treatment, 1 on dialysis and 1 post
renal transplantation, showed improved growth in response to GHRH therapy. No con-
sistent effect on renal function was detected. GHRH may be an alternative therapy to

increase growth velocity in patients with CRF.
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Growth retardation is a prominent clinical mani-
festation in children with chronic renal failure
(CRF) and after renal transplantation (rTx)"?. Van
Diemen-Steenvoorde et al' demonstrated that
height at transplantation was more than 2 stand-
ard deviation score (SDS) below the mean in
34.2% of prepubertal children. After rTx, 37% of
the patients who attained adult height had SDS
less than -2'. The challenge for those in care of
children with CRF is to provide a therapeutic mi-
lieu that will not only sustain life but also facili-
tate attainment of normal adult height.

Previous reports have shown a significant in-
crease in growth velocity during growth hormone
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(GH) treatment in children with CRF*°. The iden-
tification and synthesis of a growth-hormone-re-
leasing analogue (GHRH) that stimulates GH se-
cretion made possible and alternative form of
therapy'® . This is the first report on GHRH
therapy in children with CRF before and after rTx.

Materials and Methods

Patients

Nine patients (8 boys and 1 girl) were treated at the
Pediatric Department of the Hospital Italiano in Buenos

ABBREVIATIONS:

CRF:  chronic renal failure

rTx: renal transplantation
SDS: standard deviation score
GH: growth hormone

GHRH: growth-hormone-releasing hormone
IGF-1: insulin-like growth factor |
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Aires. Inclusion criteria were as follows: height and/or lin-
ear growth velocity SDS less than -2.0 for chronological
age, Tanner pubertal stage 1 and stable renal function
during the previous year. At the start of the study mean
age was 8.1 years (range 1.6 to 14.0), mean bone age
5.2 years (range 1 to 10). CRF was secondary to
hemolytic uremic syndrome (4 patients), obstructive
uropathy (2 patients) and renal dysplasia, diffuse
mesangial glomerulosclerosis or focal and segmental
glomerulosclerosis (1 patient each). Three patients were
on conservative treatment, 3 on dialysis and 3 had un-
dergone rTx, 6.2, 4.0 and 3.0 years before the study
(Table 1). Immunosuppressive treatment included
azathioprine, cyclosporin and minimal doses of
corticosteroids.

Treatment regimens

Patients were given twice daily subcutaneous injec-
tions of GHRH (1-29) NH, Serono (Geref) during 3 to 6
months. GHRH mean dose was 26 + 2.4 pg/kg/day. The
GHRH treatment was supplied by Ares Serono and the
protocol was approved by the Ethical Committee of the
Hospital ltaliano. Assent was obtained from the children
studied, and informed consent was signed by parents.

Anthropometric measurements

Height was measured by the same trained person at
1-month intervals. Anthropometric measurements were
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matched against the Argentine National Growth Charts',
with children at the 50th percentile and of the same
chronological age and gender used for calculation of
height SDS and growth velocity SDS.

Bone age was determined by the method of Greulich
and Pyle's.

Laboratory studies

Laboratory studies were performed before GHRH
therapy. Children were admitted to the hospital from 6 PM
to 12 AM for the following hormonal assays and functional
tests: nocturnal spontaneous GH secretion and GH re-
sponse to intravenously administered GHRH. Blood sam-
ples for measurement of spontaneous GH secretion were
obtained every 30 minutes for 12 hours (7 PM to 7 AM).
Care was taken not to disturb the children’s sleep during
blood sampling. At 7 AM, patients received, intravenously,
1 pg per kilogram of body weight of GHRH and blood for
GH assay was collected at 5, 10, 15, 30, 60, 90 minutes
afterwards.

Serum creatinine, urea, glycemia, hematocrit, cal-
cium, phosphorus, alkaline phosphatase, cholesterol and
urinary analysis were performed monthly during the fol-
low-up period.

Plasma GH levels were measured in duplicate by
radioimmunoassay'é. All GH samples belonging to the
same patient were analyzed in the same assay. The
mean level of GH was estimated as the average of all

TABLE 1.— Auxological data, types of treatment, mean 12-hour nocturnal GH serum levels and GH responses to
the acute GHRH test in patients treated with GHRH

GH response

to GHRH
Patient Type of Chron Bone Height GH X peak Area
No/Sex treatment Age (years) (SDS) (ng/ml) (ng/ml) (ng/mi/h)
1/M conservative 3.6 2.0 - 1.2 7.2 42.8 2442
2/M conservative 8.6 5.0 -26 2.9 22.8 1558
3/M conservative 12.4 10.0 -23 4.1 24.0 1200
4/M hemodialysis 11.0 8.0 -3.0 2.8 31.5 2285
5/F renal Tx 7.4 4.3 -2.6 157 36.7 1589
6/M renal Tx 14.0 8.0 =2.9 2.5 55.0 2925
™ renal Tx 10.5 6.5 -1.7 22 191.4 12454
8M CAPD 1.6 1.0 -2.0 29 78.6 5507
9M CAPD 3.6 2.3 - 1.6 3.7 72.7 5298

Chron: chronological age.

Height: SDS for chronological age.

Type of treatment: hemodialysis 3 times/week;
CAPD: continuous ambulatory peritoneal dialysis.
Patients 1 fo 5 improved growth with GHRH treatment
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25 values obtained. Undetectable levels were considered
equal to the lower detection limit value of 0.75 ng/ml.

Statistical analysis

Results were analyzed by Student t tests and linear
regression. Values are reported as mean and ranges,
or as mean + SE, p < 0.05 being considered statistically
significant

Results

Auxological data, type of treatment, mean 12-
hour nocturnal GH levels and GH response to the
acute GHRH test are shown in Table 1. Children
with renal transplant had the lowest mean spon-
taneous GH levels.
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All patiens received GHRH treatment during
three months or longer. Growth velocity increased
from 4.5 =+ 1.0 cm/year to 6.1 = 1.0 cm/year. A
significant improvement in height velocity (cm/year
or SDS) was seen in 5 patients (patients 1 to 5)
(Fig. 1), with an increase in mean height velocity
from 3.8 = 0.7 to 8.0 = 1.2 cm/year (paired t test,
p < 0.05) and from - 2.0 = 1.0 to 2.4 = 0.6 SDS
(paired t test, p < 0.005).

Acute intravenous administration of GHRH elic-
ited a GH response in all subjects (Table 1). Peak
values were reached between 15 and 90 minutes
after injection with a mean peak level of 62 = 17.5
ng/ml and a mean secretory area of 3917 = 1187
ng/ml/hour. Peak GH value and GH area under the
curve in response to the GHRH intravenous test

PRE

=——— CONSERVATIVE
===+ DIALYSIS
** RENAL TX

Fig. 1.— Growth velocity pre and post GHRH treatment. Five out of nine patients, 3 on conservative treatment, 1 on
dialysis and 1 post rTx, increased growth velocity significantly.
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Fig. 2— Growth hormone response to acute |V GHRH test. Patients 1 to 5, who increased growth velocity signifi

cantly, showed a lower growth hormone response as compared to patients 6 to 9, who did not grow. Peak GH
response: 31.5 + 3.8 vs 99.4 + 31.0 ng/ml; GH area under the curve: 1815 + 236 vs 6546 + 2054 ng/mi/h).

243



MEDICINA

was significantly higher in the group of patients
who did not improve growth velocity as compared
to patients who did (p < 0.05) (Table 1 and Fig.
2). Thus, an inverse correlation could be estab-
lished between the GH area under the curve af-
ter intravenous GHRH and the growth velocity
during GHRH treatment (r = - 0.6, p < 0.05).

No significant changes were observed during
treatment in serum urea, glycemia, hematocrit,
calcium, phosphorus, cholesterol and urinary
analysis. Serum alkaline phosphatase showed a
significant increase from 375 + 54 Ul/L (x = SE)
before treatment to 523 = 87 UI/L at the end of
GHRH therapy (paired t test, p < 0.05). Although
mean levels of serum creatinine were similar be-
fore and after GHRH treatment two children on
conservative treatment showed an increase in
serum creatinine from 2.0 and 3.0 mg/dl to 3.0 and
3.6 mg/dl respectively (patients 1 and 2).

Discussion

This study documents the efficacy of twice daily
GHRH treatment in patients with CRF. Five of our
nine patients increased their height velocity to 8.0
= 1.2 cm/year.

GHRH has been used to stimulate the growth
of GH deficient children. Our velocity data are
similar to those reported by Rochiccioli et al (8.6
= 1.2 cm/year)', Ross et al (7.2 + 2.5 cm/year)'®
and Thorner et al (7.9 = 2.4 cm/year)™ in GH de-
ficient children treated with either once or twice
daily sc injections of GHRH.

Ross et al'® have shown that the twice-daily
subcutaneous administration of GHRH (1-29) NH,
promoted linear growth of more than 2 cm/year in
8 out of 18 GH-deficient children, and in these
children it was as effective as the established hGH
regimens. We chose to use the same shorter 29
residue analogue because its action is identical to
that of the native peptide when it is given intrave-
nously?C. :

Our patients with preterminal CRF responded
best to GHRH therapy: 9.3 cm/year, versus 4.8
cm/year in patients on dialysis and 4.7 cm/year
in rTx patients. A parallel situation has been ob-
served in patients with CRF who were treated with
hGH® 7. The lower response in patients on dialy-
sis may be related to the greater degree of uremia

Volumen 56 - N? 3, 1996

while in r'Tx patients corticosteroid therapy may
contribute to it.

In our patients, the mean 12-hour GH levels
during the night were within the range values of
normal children as reported by Rose et al’'. Pa-
tients who have undergone transplantation,
showed the lowest endogenous GH secretion
probably related to immunosuppressive treatment
with corticosteroids. In fact, Schaefer et al?? 2®
found an inverse relationship between the daily
steroid dose and mean levels of GH.

GH response to the acute GHRH test was simi-
lar to that reported in the literature for renal pa-
tients®* and slightly higher than the mean normal
value of 45.8 + 4.8 ng/ml**. Perhaps an altered
somatostatinergic tone in patients with CRF can
explain the higher GH response to GHRH in these
patients.

We found that when peak pretreatment serum
GH response to GHRH was lower than 43 ng/ml,
GHRH treatment was effective in increasing
growth velocity. It is not clear why the patients who
did not grow released more GH in response to a
bolus of GHRH. It is possible that peripheral re-
sistance to the biological action of GH and/or IGF-
1 may be increased in these subjects. It could be
that larger GHRH doses would be necessary in
our growth non-responders, as previous studies in
GH-deficient children have shown a clear dose
response correlation with growth velocity's.

Two children with conservative treatment
showed a slight increase in serum creatinine
which either reflect the normal progression of their
renal disease or the anabolic effect of GH. Stud-
ies in uremic adults® and in uremic children® re-
ceiving GH do not demonstrate any impact in
glomerular filtration rate.

Patients in the transplant group maintained sta-
ble kidney function during GHRH treatment.

The goal of both, GH and GHRH treatment of
children with renal disease is to facilitate achieve-
ment of their genetic height potential. Although, it
has been shown that growth velocity may decline
after 6 to 12 months of GH therapy, Tonshoff et
al® and Van Es et al’ found improvement of 1.5
and 1.0 in height SDS after 2 years of treatment
with GH.

Similarly, in children with GH deficiency treated
with GHRH, Duck et al?® and Rochiccioli et al'?
reported that growth velocity slows after 6 to 12
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months of GHRH therapy. On the other hand,
Lanes et al*® recently reported that 11 children with
GH deficiency were able to maintain a sustained
increase in growth velocity during 12 to 24 months
of GHRH treatment.

Possible advantages of GHRH treatment over
GH might be that, as GHRH is a smaller molecule
than GH, it can be manufactured by direct chemi-
cal synthesis. Circulating IGF-1 appears to modu-
late the effects of GHRH on pituitary GH secre-
tion, and so, GHRH therapy preserves feedback
at pituitary level. Moreover, it appears that GHRH
can be effective when given subcutaneously once
daily'”-2°. Other methods of administration, in par-
ticular the intranasal route, need to be asessed.

In conclusion, 5 out of 9 short children with
CRF, 3 on conservative treatment, 1 on dialysis
and 1 post rTx, showed improved growth in re-
sponse to GHRH therapy. No consistent effect on
renal function was detected, but this merits fur-
ther investigation. GHRH may be an alternative
therapy to increase growth velocity in patients with
CRF.
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Resumen

Aumento de crecimiento en ninos con
insuficiencia renal crénica tratados con el factor
liberador de la hormona de crecimiento
(GHRH,).

El retardo de crecimiento es frecuente en ninos
con insuficiencia renal crénica (IRC). Nueve ninos
con |IRC (3 en tratamiento conservador, 3 en
dialisis y 3 post transplante renal) cuyas edades
variaron entre 1,6-14,0 (x + SE: 8,1 = 1,4) anos,
recibieron 2 dosis subcutaneas diarias de 26 + 2,4
pg/kg/dia de factor liberador de hormona de
crecimiento, [GHRH (1-29) NH, Serono (Geref)]
durante 3-6 meses. Los niveles medios de
creatinina y urea séricas permanecieron estables,
aunque 2 pacientes en tratamiento conservador
tuvieron un leve aumento. Al inicio del estudio el

GHRH IN RENAL DISEASE

SDS de talla fue - 2,2 + 0,2 (x + SE), la velocidad
de crecimiento 4,5 = 1,0 cm/ano (- 2,3 + 0,6 DS
para edad cronoldgica) y la respuesta de hormona
de crecimiento al test agudo con GHRH (1 pg/kg
1IvV) fue 62 = 17,5 ng/ml. Cinco pacientes
aumentaron la velocidad de crecimiento de 3,8 =
0,7 a 8,0 = 1,2 cm/ano (test de t apareado, p <
0,05). En conclusion, 5 de 9 pacientes con IRC,
3 de ellos en tratamiento conservador, 1 en
didlisis y 1 post transplante renal, mejoraron su
crecimiento con GHRH. No se detectaron efectos
deletéreos sobre la funcion renal. GHRH podria
ser una terapia alternativa para aumentar la
velocidad de crecimiento en ninos con IRC.
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