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Introduction

Growth hormone deficiency (GHD) is an important treat-
able cause of pathological short stature [1]. Growth of
children with non-acquired growth hormone deficiency is
believed to be influenced by many factors such as pre-
treatment height velocity, age at onset of therapy with
growth hormone, parental target height, etc. [2].
However, in developing countries such as India, treat-
ment with recombinant Human Growth hormone (rhGH)
is still very expensive and cost-benefit needs to be con-
sidered when putting patients on therapy with rhGH [3].
Hence, investigating factors which influence growth re-
sponse of growth hormone deficient children to growth
hormone therapy is crucial.
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Abstract
Objective To ascertain the impact of pituitary size as judged
by Magnetic Resonance Imaging (MRI), on response to
Growth Hormone (GH) therapy in GH deficient children.
Methods Thirty nine children (9.1±2.7 y, 22 boys) with
non-acquired GH deficiency (21 Isolated GH deficiency
and 18 Combined pituitary hormone deficiency) were
consecutively recruited and followed up for one year.
Clinical, radiological (bone age and MRI) and biochem-
ical parameters were studied.
Results Children with hypoplastic pituitary (pituitary height
<3 mm) had more severe height deficit (height for age
Z-score −6.0 vs. −5.0) and retardation of skeletal maturation
(bone age chronological age ratio of 0.59 vs. 0.48) at

baseline as compared to children with normal pituitary
heights (p<0.05 for both). After one year of GH therapy,
height for age Z scores and percentage change in height for
age Z scores were significantly higher in children with
hypoplastic pituitaries (13.8±3.6 and 28.7 % vs. 11.2±4.1
and 21.4 %). Significant co-relation was observed between
pituitary height and height for age Z-scores at baseline (r = 0.39,
p<0.05). The predicted adult height using Tanner
Whitehouse-2 equations improved from 140.8 to 152.3 cm
in children with hypoplastic pituitary when compared to an
increase from 145.8 to 153.5 cm observed in children with
normal pituitary height (p<0.05).
Conclusions Indian growth hormone deficient children with
hypoplastic pituitary respond better to therapy with GH in
short term.



Magnetic resonance imaging (MRI) is an important diag-
nostic tool which complements hormonal assessment and
anthropometric analysis in growth hormone deficient chil-
dren. Morphological alterations in the pituitary such as ectopic
posterior pituitary and pituitary stalk interruption provide vital
clues to the etiology of hypopituitarism. Previous studies
report that MRI abnormalities are linked to severity in GH
deficiency [4, 5]. However, reports on pituitary abnormalities
as judged by an MRI and their association with response to
GH therapy are scarce.

Hence, the objectives of the present study were 1) to study
the pituitary morphology in Indian patients with non-acquired
growth hormone deficiency and 2) to assess the association of
pituitary size with response to a year of recombinant human
growth hormone therapy in them.

Material and Methods

The present study was conducted as a prospective study from
January 2008 through February 2011. Thirty nine non-
acquired GH-deficient children (22 boys, 17 girls) with a
mean age of 9.1±2.7 y, referred to a tertiary-level pediatric
endocrine care unit in Pune, India were consecutively recruit-
ed. The diagnosis of GHD was based on severe short stature
(<−3.0 SD below the mean height for age- and sex-matched
children), low growth velocity (below 10th percentile for age),
failure to show serum GH concentrations above 7 μg/L after
two provocation tests using clonidine (0.15 mg/m2) and glu-
cagon (0.03 mg/kg) as stimulating agents prior to enrolment in
the study (priming, boys: depot testosterone IM 3–5 d before
the test, girls: 50–100 μgm/d ethinyl estradiol for three con-
secutive days) and low baseline IGF-1 concentrations (IGF-I
SDS≤−0.5) [6]. Of the enroled subjects, 21 children had
isolated GHD (IGHD), while 18 had combined pituitary hor-
mone deficiency (2 or >2 hormone deficiencies; CPHD).
Subjects with CPHDwere on stable substitution therapy [with
thyroxin (100 μg/m2/d) and/or hydrocortisone (10 mg/m2/d)].
Previous research has shown that growth in children with
IGHD and appropriately treated CPHD is comparable in terms
of initial response to GH and final height achieved [7].
Further, there were no differences in study parameters in
children with IGHD and CPHD at the onset of study (Height
for age Z scores at baseline IGHD −5.4±1.5, CPHD −5.6±
1.5, P>0.05). Hence, children with IGHD and CPHD (on
stable substitution therapy) have been considered as one group
for analysis. Similarly, there were no differences in boys and
girls, hence data were analysed together (Data not shown).
Children with dysmorphic syndromes, chromosomal abnor-
malities and acquired causes for GHD like tumors and trauma
were excluded from the study. Informed consent was obtained
from parents and assent from children (both for patients and

controls) before the study was commenced. The study was
approved by Institutional ethics committee.

Standing height was measured using a stadiometer
(Leicester Height Meter, Child Growth Foundation, UK,
range 60–207 cm). The child stood on the flat base of the
stadiometer with the back of the head, shoulder blades, but-
tocks and heels touching the vertical rod, and head in the
Frankfurt plane. Gentle upward traction was applied to the
mandibular process and the headboard lowered. Height read-
ing was taken to the last completed millimetre, avoiding
parallax, and three such readings were averaged for analysis.
Weight was measured using electronic weighing scales
(Salter, India) to the last 100 g. Measurements were recorded
by the same pediatrician at both time points. Height and
weight were measured at baseline and then after 1 y of therapy
with rhGH. Body mass index (BMI) was calculated using the
formula weight in kg/height in square meters. The anthropo-
metric measures were converted into Z-scores based on ethnic
reference data [8]. Pubertal status was assessed by a pediatric
endocrinologist [9]. Growth velocity was converted into Z-
scores using available published references [10, 11].

Serum GH concentrations were assessed by a solid-phase,
two-site chemiluminescent immunometric assay with an
intraassay coefficient of variation (CV) of 5.3 % and
interassay CVof 5.5 %. The serum IGF-1 concentrations were
analyzed by a solid-phase, enzyme-labeled chemiluminescent
immunometric assay with an intraassay CV of 5.8 % and
interassay CVof 3.1 %. The IGF-1 concentrations were then
converted into SDS using available normative data [12].

Magnetic resonance imaging (MRI) scans were performed
in a 1.5 T unit (Signa, GE, Milwaukee, WI) using T1-
weighted sagittal and coronal scans with TR:350 ms and
TE:20 ms. The coronal images were obtained using 3.0-mm
slice thickness with 10 % gap before and after administration
of 0.1 mmol/L of a contrast (gadolinium). None of the subjects
required sedation.

MRI were then separately analyzed according to the same
protocol by two experienced neuroradiologists, who were
blinded to the clinical and biochemical details of the subjects.
Maximal height of the pituitary gland was measured perpen-
dicular to the sella turcica floor. Height of the pituitary gland
increases with age, thus, the measurements were compared
with available age matched normative data [13]. Pituitary
volume was calculated using the formula for the volume of
an ellipsoid (0.5×length×width×height) and compared with
published reference values using the same measurement and
calculation technique, previously published [14]. Ectopia of
the neurohypophysis was diagnosed on the basis of lack of
visualization of the high signal on T1 image in the sella
turcica, and the presence of this signal in the infundibular
recess of the third ventricle. Pituitary stalk with a normal
diameter from the level of the optic chiasm to its insertion
on the pituitary gland was considered normal. The stalk was
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considered thin when it had a continuous but extremely thin
appearance and its proximal and distal diameter size were
below normal. MRI scans were assessed for midline defects
such as agenesis of corpus callosum, optic nerve hypoplasia,
Chiari I malformation and any other abnormality of the brain.
Partial empty sella syndrome was defined when less than half
of the sella was filled with CSF, while, total empty sella
syndrome was diagnosed when more than half of the sella
was filled with CSF [15]. The cerebellar tonsils were judged to
be low lying if they were displaced below the foramen mag-
num. Medial deviation of the carotid arteries to a dimension
less than the transverse diameter of the pituitary gland indi-
cated an abnormal course of the carotid arteries [16]. Pituitary
height≤3 mm prepubertally was considered hypoplastic [17].

Bone age was estimated at initiation of treatment and 12 mo
later by the same radiologist using the RUS score of Tanner
Whitehouse 2 method (TW2 method) [18]. Final height was
predicted by the Tanner Whitehouse 2 equations [18].

All subjects were treated with recombinant human growth
hormone (rhGH) [Novo Nordisk A/S Pharma, Banglore,
Maharashtra, India or Eli Lilly and Company Gurgaon
(India) Private Limited, India] for a period of 12 mo (dose
10 mg/m2/wk, subcutaneously at night) with an injection
frequency of 7 injections/wk. The GH dose was then adjusted
in accordance with the body surface area of the children every

3 mo. The criteria for discontinuation of GH treatment was
growth velocity less than 2 cm/y in the previous 6 mo with a
bone age greater than 14 y for girls and 16 y for boys [19].

Results are expressed as theMean ± SD. Student’s t test was
used for comparison between the groups. Chi-square test was
applied to compare proportions. Pearson correlation coefficient
(r) was calculated to measure the association between pituitary
height, body height for age and IGF levels. p<0.05 was
considered significant. Statistical tests were performed with
the SPSS 9.0 statistical package (SPSS, Inc., Chicago, IL).

Results

Children were divided as per their pituitary heights, as greater
(normal) or lesser (hypoplastic) than 3 mm [17].
Anthropometric characteristics, bone age, IGF1 and IGFBP3
concentrations of study children (as per pituitary height) at
baseline and at 1 y of rhGH therapy are presented in Table 1.
Mean age of the study children was 9.1±2.7 y. Children with
hypoplastic pituitary (nine children had IGHD, nine CPHD)
had more severe height deficit (height for age Z-score −6.0 vs.
−5.0) and retardation of skeletal maturation (bone age to
chronological age ratio of 0.59 vs. 0.48) compared to children
with normal pituitary heights (p<0.05 for both).

Table 1 Anthropometric and biochemical parameters at baseline and after one year of GH therapy in GHD children with normal and hypoplastic
pituitary

Parameters Hypoplastic pituitary (n=18) Normal pituitary (n=21)

Baseline 1 y of GH Baseline 1 y of GH

Age (Years) 9.1±2.4 10.1±2.1 9.1±3.0 10.1±2.2

Height (cm) 97.6±18.0 109.7±18.9 103.4±13.1a* 114.1±13.2

HAZ −6.0±1.8 −4.6±1.2 −5.0±1.0 a* −3.9±1.3
% change in height – 13.8±3.6 – 11.2±4.1a*

% change in HAZ – 28.7 – 21.4a*

Weight (kg) 14.4±5.7 18.4±8.0 15.5±4.5 20.6±6.4

BAZ −1.4±0.8 −1.2±0.8 −1.6±1.3 −0.6±0.7a*
Growth velocity (cm/year) 2.6±0.7 13.1±2.7 3.0±1.2 11.4±3.5a!

Growth velocity SDS −3.7±1.1 10.9±4.9 −3.3±1.5 8.4±4.2 a!

Predicted Adult Height (cm) 140.8±12.4 152.3±10.6 145.8±7.5 a* 153.6±5.9

% change in PAH – 7.1±2.9 – 4.0±1.8a*

Bone Age (years) 5.3±2.7 7.1±3.1 6.0±3.4 7.9±3.5

Max GH concentration (μg/L) 0.94±1.1 – 1.4±1.8 –

IGF1 (ng/mL) 37.8±39.8 124.0±16.6b 37.8±33.5 92.4±42.4a

IGFBP3 (ng/mL) 744.5±794 2185.3±1006.7b 572.5±472.3 1907.4±622a

BAZ Body mass index for age Z-score; HAZHeight for age Z-score, PAH Predicted adult height; IGF1 Insulin like growth factor l; IGFBP3 Insulin like
growth factor binding protein-3
*p<0.05, ! p<0.01
a Significantly different than children with hypoplastic pituitary
b Significantly greater at 1 y than at baseline
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In the study subjects, six children had ectopic posterior
lobe, 18 children had empty or partially empty sella. The
number of children with vascular and cranio vertebral anom-
alies was 9 and 6 respectively. The pituitary stalk was noted to
be thin, thick and interrupted in 20, 1 and 1 case respectively.

The height as well as height for age Z scores were signif-
icantly lower in the group with a hypoplastic pituitary at
baseline. The percentage change in height and height for age
Z-scores at the end of the year of therapy in subjects with
hypoplastic pituitary were significantly higher than in children
with pituitary height >3 mm (p<0.05). The growth velocity
and growth velocity Z-scores were also marginally higher in
children with hypoplastic pituitary (p<0.1). The predicted
adult height using Tanner Whitehouse-2 equations was sig-
nificantly higher in children with a pituitary height of >3 mm
at baseline; it improved significantly from 140.8 to 152.3 cm

in children with hypoplastic pituitary when compared to an
increase from 145.8 to 153.5 cm observed in children with
normal pituitary height (p<0.05) (Fig. 1).

A statistically significant correlation was observed between
pituitary height and height for age Z-scores at baseline (r = 0.39,
p<0.05) (Fig. 2). Pituitary height also significantly correlated
with IGF-I Z-score at baseline (r = 0.33 and p<0.05).

All the children tolerated GH therapy well; none developed
any therapy related complications. All the enroled subjects
completed the study and were prepubertal at baseline and at
the end of 1 y of therapy.

Discussion

To the best of authors’ knowledge, this is the first Indian study
that describes the association of pituitary size with response to
rhGH therapy in GH deficient children. Children with pitui-
tary height of <3 mm as judged by an MRI were significantly
shorter at baseline. They also had a lower height velocity SDS
and skeletal age as compared to children with a pituitary
height of ≥3 mm. Children who had a hypoplastic pituitary
(pituitary height <3 mm) responded better to rhGH therapy in
terms of percentage change in height for age Z-scores, abso-
lute height (in cm), growth velocity Z-scores and improve-
ment in predicted adult height based on bone age. The authors
have also described the morphological features of the pituitary
in Indian GHD children.

In the present study, nine children (23 %) had vascular
abnormalities and six children (15.4 %) had cranio-vertebral
abnormalities. Scotti et al. [20] and Marwaha et al. [21] made

Fig. 1 Change in Predicted Adult height (PAH) in children with normal
and hypoplastic pituitary

Fig. 2 Correlation of baseline
HAZ with the pituitary height
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similar observations in 13.5 % and 22.7 % children respectively.
These abnormalities may be a result of birth trauma or a part of
midline syndrome. The occurrence of ectopic posterior lobe in
authors’ series, 6/39 (15.4%) ismuch lower than other published
series byDuttah et al. [4] (12/31) andBordallo et al. [22] (14/37).
This may be related to the mode of delivery—wherein traumatic
delivery leads to transaction of the stalk and distal regeneration
leading to an ectopic posterior pituitary. However, the authors
were not able to retrieve themode of delivery from the records of
their study cohort. Also, they did not find any significant differ-
ence between IGHD and CPHD children with respect to their
height for age Z-scores, possibly because the CPHD children
were on appropriate substitution therapy.

Growth hormone deficient children with a hypoplastic pitu-
itary gland have been shown to be significantly shorter than
children with a normal MRI [23]. Further, studies also suggest
that the severity of growth hormone deficiency is related to
MRI findings [24]. This may be a reflection of the fact that
morphological alterations on MRI of the hypothalamic-
pituitary area are an expression of the severity of hypopituita-
rism. Pituitary height is thought to be directly related to GH
levels, as GH-secreting cells are the most abundant cell popu-
lation in the pituitary gland. In the index cohort of children,
those with smaller pituitaries were shorter and had more bone
age delay. Thus, the present results are in line with previously
published data [23, 24].

In a study on 216 short Polish children with GHD, which
aimed to assess the relationship between growth hormone
secretion and pituitary size, Hilczer et al. have reported that
response to rhGH therapy was best in children with severely
hypoplastic pituitary glands [25]. The index results also sug-
gest that the response to rhGH therapy in children with hypo-
plastic pituitary vs. children with normal pituitary height is
greater in terms of improvement of absolute height (in cm),
height for age Z-scores and growth velocity Z-scores. Further,
percentage improvement in height for age Z-scores in the
present cohort was 38% in children with short pituitary height
vs. 28 % in children with normal pituitary height. This is
comparable to an improvement in height for age Z-score of
+2.7 vs. +1.3 in children with abnormal and hypoplastic
pituitary reported by others [23].

Improvement in predicted adult height, either by using the
Tanner Whitehouse equations or Bayley Pinneau method (if
Greulich and pyle atlas is used to compute bone age), is an
important parameter to assess response to GH therapy. Height
predictions, based on current chronological age, bone age,
height and menarchal status. The authors have demonstrated
a better improvement in predicted adult height based on bone
age after 1 y of GH therapy in children with a hypoplastic
pituitary vs. in children with a normal pituitary height. This
has not been reported earlier. However, the final height
achieved would be close to the predicted height only if GH
therapy is continued beyond the study period.

The index study is not without limitations. Details
pertaining to the mode of delivery could not be retrieved from
the case records. Further, it would be preferable that the study
subjects be followed till they reach adult height, even so, the
present results suggest that in the short term, GHD children
with hypoplastic pituitaries respond better to rhGH therapy.

To conclude, Indian growth hormone deficient children
with hypoplastic pituitary respond better to therapy with
rhGH. Thus, pituitary height, as judged by MRI provides
valuable information concerning response to GH therapy in
Indian growth hormone deficient children.
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