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Abstract

Objective To evaluate the baseline and follow-up clinical and radiological characteristics of a paediatric cohort
initially diagnosed with isolated congenital growth hormone deficiency (IGHD) and pituitary morphology abnormality
in MRI.

Patients and methods Observational, ambispective and longitudinal review of paediatric patients with an initial
diagnosis of growth hormone deficiency with pituitary morphology abnormality in MRI followed-up in a single
tertiary hospital.

Results After mean 11.3 (+3.5DS) years of follow-up, the thirty patients (20 males) were classified into two groups:
(1) isolated congenital growth hormone deficiency (IGHD) with 24 patients (9.5 years median follow up), and (2)
combined pituitary hormone deficiencies (CPHD) with 6 patients (13.5 years median follow up). Median age at
diagnosis was IGHD 3.0 [2.0-4.0] and CPHD 3.0 [1.5-5.2] years. Regarding the cerebral MRI scan results, 2 patients
had septo-optic dysplasia (CPHD), 5 had pituitary stalk interruption syndrome (3 IGHD), one had ectopic posterior
pituitary (IGHD), 16 had anterior pituitary hypoplasia (15 IGHD) and 6 had the latter two conditions combined (5
IGHD). In genetic studies, 1 of 25 patients had positive NGS panel results and it was in the IGHD group. The target
gene detected was GL/I2. Clinical exome sequencing was performed with six patients, yielding inconclusive results (1
in the IGHD group and 5 in the CPHD group). Array CGH was performed with eight patients (4 in the IGHD group and
4 in the CPHD group) and was negative in all patients. In the CPHD group, associated deficiencies begin to appear
after 5 years [4.0-6.0] median follow-up, with thyrotropin being the most frequent (80%), followed by gonadotropin
deficiency. ACTH and AVP deficiencies were less frequent.
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Conclusions Multiple hormone deficiencies were diagnosed during this cohort’s follow-up evaluation, whose first
presentation was isolated growth hormone deficiency and pituitary morphology abnormality in MRI. Pathogenic
gene variant involved in congenital hypopituitarism (GL/2) was found in one patient. Regular follow up of pituitary
hormonal function in such patients is advisable due to the risk of new added deficiencies.

Keywords Growth hormone deficiency, Hypopituitarism, Genetic tests, Pituitary magnetic resonance image

Background

Congenital hypopituitarism (CH) is defined as the defi-
ciency of one or more pituitary hormones resulting from
events during fetal development [1]. This may be the
result of genetic mutation, antenatal insult, or as is com-
monly the case, be idiopathic [1] The estimated incidence
is 1 per 3,000—10,000 live births [2, 3]. This condition can
present as a single hormonal deficiency with the most
common manifestation being insufficient growth hor-
mone (IGHD); or as a combined hormonal deficiency
with two or more pituitary deficiencies (CPHD) [2-8].

During embryogenesis, hypothalamic-pituitary (H-P)
development is controlled by a complex sequence of
crosstalk with spatiotemporal activation and inactivation
of transcription factors and signalling molecules between
the hypothalamus, Rathke’s pouch, and the anterior
pituitary primordium [4, 7-9]. Described genes involved
in the early stages of hypothalamic-pituitary develop-
ment are: HESXI, SOX 1/2/3, PITX1, PITX2, OTX2,
RAX, LHX3, LHX4, GLI2, ARNT2, PAX6, BMP4, FGFRI,
FGFR8, PROKR2, ROBO, WNT, CDON, IGSF1, CHD?,
NFKB2, FOXA2, TCF7L1, MAGEL2, LICAM, EIF2S3,
PNPLA6, GLI3, SHH, ALMS [1-3, 8-10]. Pathogenic vari-
ants in the above genes usually give rise to syndromic
manifestations of hypopituitarism. They usually pres-
ent with malformations or affections in other systems of
the body such as immune-level abnormalities, skeletal,
ophthalmic, or auditory malformations [1-4, 9, 10]. In
addition, they may display midline abnormalities in the
cerebral imaging studies: pituitary stalk interruption syn-
drome (PSIS) [11, 12] septo-optic dysplasia (SOD), and
holoprosencephaly (HPE) [1-4, 9, 10, 13].

Alterations in genes involved in the later stages of hypo-
thalamic pituitary formation, namely POUFUI, PROPI,
KCNQI, IFT172, GHI, GHRHR, RNPC3, TBX19, PCSK1,
POMC, TBL1X, TRH, TRHR, give rise to isolated or com-
bined deficiencies depending on the timing of each gene’s
expression [1, 4, 9]. They generally occur without extra-
cerebral involvement and patients may show anatomical
alterations focused on the pituitary region, mainly in the
form of pituitary hypoplasia (APH) [2-4, 9, 10, 14].

In these patients a great variability in the genotype-
phenotype relationship is observed, depending on the
type of pathogenic variant and its penetrance [4, 6].
In addition, the aetiology remains unknown in most
patients and the causative mutations are identified in
only a small proportion (10-20%) of cases. This suggests

that other genes and/or environmental or epigenetic fac-
tors may play a key role in the pathogenesis of the disease
[2,3,5,9, 15, 16].

Close monitoring of pituitary function is required
because in patients with initially a single deficiency, other
hormonal deficiencies may develop over the years [2, 3,
14, 17]. The risk of progression from IGHD to CPHD
varies depending on the aetiology [17-19]. In children
with congenital idiopathic IGHD the most frequently
observed additional deficiency is thyroid stimulating
hormone (TSH) followed by luteinizing (LH) and follicle-
stimulating (FSH) hormones, while the least frequent
hormone deficiency in the majority of cases is arginine
vasopressin  (AVP) [17-19]. Adrenocorticotropic hor-
mone (ACTH) deficiency may gradually evolve at any
time during follow up in the presence of H-P abnormali-
ties and/or TSH deficiency [17-19].

Given the paucity of the knowledge about the aetiol-
ogy of these conditions, the aim of the present study is
to describe the clinical and genetic characteristics, the
hypothalamic-pituitary radiological involvement and the
follow-up of a series of patients first diagnosed with con-
genital isolated growth hormone deficiency (GHD).

Patients and methods

An ambispective, observational, and longitudinal review
was conducted of paediatric patients with GH deficiency
and pituitary morphology abnormality in a tertitary hos-
pital. This study was approved by the Ethics Committee
of Vall d’'Hebrén Institut de Recerca. Informed consent
was obtained from all subjects and/or their parents or
legal tutors.

Patients

Children and adolescents primarily diagnosed with hor-
mone growth deficiency were recruited from the paediat-
ric endocrinology department.

Inclusion criteria were: 1)short stature (<-2SDS) due
to GHD. GHD was defined as: altered dynamic function
test of GH secretion (< 7.4ng/mL; Siemens Immulite 2500
[20]), glucagon test (<5 years of age) or L-DOPA (=5
years of age), low insulin-like growth factor 1 (<2SDS)
and good response to recombinant human growth hor-
mone (thGH) treatment (HtSDS +0.5 in 2 years); and 2)
pituitary morphology abnormality in MRI defined as:
anterior pituitary hypoplasia (APH) -2SDS according to
tables adjusted for sex and height [21], ectopic posterior
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pituitary (EPP), holoprosencephaly (HPE), pituitary
stalk interruption syndrome (PSIS) with a specific tirade
(hypoplastic or absent anterior pituitary gland, thin or
absent infundibulum and ectopic neurohypophysis loca-
tion) or septo-optic dysplasia (SOD) presenting at least
two of following: optic nerve hypoplasia (ONH), pituitary
hypoplasia, or midline abnormalities such as agenesis
of the corpus callosum (ACC) or absence septum pellu-
cidum [2, 3, 11, 13, 21].

The exclusion criteria were: (1) pituitary hormonal
deficits secondary to infiltrative/oncological processes,
trauma, or intracranial surgery, (2) GH deficiency not
confirmed; (3) MRI focused on the hypothalamic-pitu-
itary region not performed; and (4) history of adverse
perinatal events including birth asphyxia or breech
delivery.

Methods: demographics and clinical
All data from patients was collected by reviewing the rel-
evant digital medical records of the hospital system.
Demographic variables were: sex and current age. The
diagnostic chronology variables were: age at diagnosis of
GH deficiency and in the case of CPHD, age at diagnosis
of each other deficiency, gestational age, whether patients
had been small for gestational age (SGA), anthropometry,
and Tanner stage at diagnosis of the first deficiency.
Clinical variables included were: clinical description
of the symptoms upon diagnosis of each hormonal defi-
ciency, phenotypic extrapituitary findings and neuro-
logical development; hormonal status (prior to GHD
diagnosis, at diagnosis of GHD and during follow-up
with IGF1 ng/mL and SDS, TSH mU/L, T4L ng/dL, corti-
sol ug/dL, ACTH pg/mL, prolactin ng/mL, LH/FSH Ul/L
testosterone ng/dL, estradiol pg/mL, inhibin B pg/mL
and AMH ng/mL), HtSDS, growth velocity z score and
bone age in years (at the diagnosis of GHD, at the start
of GH treatment and at 2 years of treatment), pituitary
imaging MRI, genetic study and treatment of hormonal
deficiencies and dose of rhGH.

Methods: investigation
Patients who later developed other pituitary deficiencies
in addition to that of the growth hormone were classified
as combined pituitary hormone deficiencies (CPHD).
During follow-up, annual morning basal cortisol, TSH
and FT4 determinations were performed on all patients.
The diagnosis of the other hormonal deficiencies were
reached in the following manner: (1) TSH deficiency
was diagnosed based on serum free T4 levels below the
reference range and serum TSH<8 mU/L; (2) ACTH
deficiency was diagnosed with ACTH stimulation based
on pick serum cortisol<18ug/dL after a low-dose Syn-
acthen® or after an insulin tolerance test all with low
ACTH level. The tests were conducted in the patients
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with suggestive clinical findings or low morning basal
cortisol (<5.27ug/dl) [22-24]; (3) FSH/LH deficiency was
diagnosed in boys when they did not present a testicular
enlargement (testicular volume of 4 ml) by 14 years of age
and in girls when there was an absence of breast devel-
opment or menarche at 13- or 15-years old respectively,
and then was confirmed by low basal and stimulated
FSH/LH values. Neonatal FSH/LH deficiency was ruled
out in boys if there was no history of cryptorchidism or
microphallus [25]; (4) AVP deficiency was diagnosed
with a water deprivation test and/or arginine-stimulated
copeptin test conducted in patients with suggestive clini-
cal symptoms [26, 27].

Following an analysis of their clinical description data,
patients were classified into two groups: IGHD and
CPHD. Calculation of HtSDS and growth velocity z score
were based on the Barcelona Longitudinal Growth-Study
1995-2017 [28] for all patients. Bone age was determined
by of Greulich & Pyle’s method [29].

Methods: genetic tests

One or more of the following genetic studies was used
for each patient: 1) NGS-panel (capture and sequencing
of the exonic and intronic regions flanking the HESX1,
IGSF1, LHX3, LHX4, OTX2, PAX6, POUIFI, PROK2,
PROKR2, PROPI, ROBOI, FGF8, FGFRI1, GLI2, GLI3,
SOX3, genes involved in congenital hypopituitarism and
GHI1, GHR, GHRHR, GHSR genes involved in growth
hormone deficiency, using the methodology Cell3 Target
Custom Panel tier 2 (NONACUS) on Illumina’s Next-
Seq platform, with bioinformatic analysis of the obtained
sequences and alignment using IMEGEN’s Data Genom-
ics platform2) array CGH (Aligent CytoGenomics v2.0,
with the ADM-2 algorithm and a minimum of 3 consecu-
tive probes to detect an abnormality with EasyArray v3.0
interpretation software); 3) clinical exome NGS (Next
Generation Sequencing, using the XGen Exome Panel
v2.0 (IDT) kit).

For patients with isolated deficits, the initial genetic
study was the NGS-panel (Next-Generation Sequencing)
described above. If neurological delay was detected, an
additional array CGH (Comparative Genomic Hybridiza-
tion) was performed. Furthermore, array CGH was also
utilized in patients with isolated deficits if specific phe-
notypic traits were present, suggesting the possibility of
an underlying genetic abnormality.

For patients with combined deficits, the NGS panel
was ideally performed first; however, due to the limited
number of genes included in the panel, clinical exome
sequencing was directly pursued in certain cases when
a broader genetic investigation was required. In cases
where patients presented additional malformations or
multiple deficits, direct clinical exome sequencing was
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used, either initially or following array CGH, depending
on the clinical context.

In our center, both the NGS genetic panels and exomes
are regularly reviewed every two years to ensure that the
most up-to-date and comprehensive panels are utilized in
clinical practice.

Statistical analysis

The mean with standard deviation or median with first
and third quartiles [Q1-Q3] of the quantitative variables
and percentages in the qualitative variables were calcu-
lated. When performing comparisons between 2 groups
the Mann-Whitney U test for quantitative variables and
Chi-Square test for qualitative variables were used. Two-
sided P values<0.05 were considered statistically signifi-
cant. All analyses were performed using Excel procedures
(version16.84, Microsoft 365).
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Results

This study included 30 patients with GH deficiency and
pituitary morphology abnormality after 19 others were
excluded. There was a predominance in male sex (67%)
with a current mean age of 13.3+ 3 years and a mean age
at diagnosis of 3.5+2.9 years (Table 1 and supplemen-
tary table). The mean gestational age was 36.1 +4.8 weeks
with nine preterm patients and three SGA (10%). The
mean birth weight of the patients was 2642.2+971.2 g.
Regarding breech presentation, there were 21 cases of
cephalic presentation and 9 cases of breech presenta-
tion. The anthropometry at the first appointment showed
a mean HtSDS of -2.8+1.2 (Table 1). The pituitary MRI
findings were: sixteen APH, one EPP, six APH with EPP,
two SOD and five PSIS (Table 1 and supplementary
table). According to the presence of additional pituitary
deficiencies, patients were divided into two groups: (1)

Table 1 Clinical characteristics, hypothalamic-pituitary MRI findings of IGHD and CPHD groups and comparison between them

All IGHD CPHD p-
N=30 n=24(80%) n=6(20%) value
Age at growth disorder initial follow up (mean+SD) 3.5+29 3.0[2.0-4.0] 3.0[1.5-5.2] 0.37
or (median and IQR) years
Current age (mean+SD) or (median and IQR) years ~ 13.3+3.0 13.0[11.0-15.0] 15.0[13.0-16.0] 0.07
Sex Males 20 (67%) Males 17 (71%) Males 3 (50%) NA
Fermales 10 (33%) Females 7 (29%) Females 3 (50%)
Gestational age (mean =+ SD) or (median and IQR) 36.1+4.8 37 [37-39] 37.5 [26-40] 047
weeks
SGA 3(10%) 3(12.5%) 0 NA
HtSDS at first visit (mean+SD) or (median and IQR)  -2.8+1.2 -261[-34,-2.2] -2.8[-4.7,-0.8] 0.0001
Tanner first visit 1 1 1 NA
Clinical Phenotype dysmorphology 7 subjects (29.1%) 6 subjects (100%) NA
(number of patients and %) Neurodevelopment delay 1 subject (4%) 3 subjects (50%)
Cerebral MRI APH 16 15/24 1/6 NA
EPP 1 1**%/24 0/6
APH +EPP 6 5/24 1/6
PSIS 5 3/24 2/6
SOD 2 0/24 2/6
rhGH treatment Age at initiation (median and IQR) years 5.0[4.0-9.2] 6.0 [4.0-7.0]* 047
HtSDS at initiation (median and IQR) -25[-35,-24] -3.8[-4.8,-3.6] 0.01
Velocity z score at initiation (medianand  -2.5[-34,-2.0] -3.2[-4.2,-2.0] 0.64
IQR)
Bone age (chronological age years) -1.0[-1.0-,-2.0] -2.0[-2.0-,-3.0] 0.003
rhGH doses mcg/kg/d (median and IQR) 30.0 [27-30] 29.0 [28-32] 0.38
rhGH after 2 years HtSDS (median and IQR) -15[-2.2,-0.7] -1.6[-2.6,-0.9] 033
treatment A HtSDS at 2 years treatment (median 141[1.0-1.8] 221[22-23] 0.02
and IQR)
Follow up (median and IQR) years 9.5[75-11.2] 13.5[9.2-14.7] 0.11
Current Tanner 12 TannerV 3TannerV NA
12 Tanner | 3 under pubertal induction

*One patient without rhGH treatment (family decision)

**This subject also has agenesis septum pellucidum

NA, not applicable; IGHD, isolated congenital growth hormone deficiency; CPHD, combined pituitary hormone deficiencies; SGA, small for gestational age; HtSDS,
height z scores; A HtSDS, height z score increase; APH, anterior pituitary hypoplasia; EPP, ectopic posterior pituitary; PSIS, pituitary stalk interruption syndrome; SOD,

septo-optic dysplasia
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IGHD group with 24 (80%) subjects and (2) CPHD with
6 subjects (20%).

IGHD group characteristics

In this group of 24 patients there was a predominance
of the male sex (71%) with a median current age of 13.0
[11.0-15.0] years. The median gestational age was 37
[37-39] weeks with five preterm patients. The median
age at initial follow-up was 3.0 [2.0—4.0] years. The reason
for consulting the paediatric endocrinology specialist for
all of them was growth retardation, with three patients
(12%) having been SGA. The median birth weight of the
patients was 3029.5 [2662.5-3288.7] g. Regarding breech
presentation, there were 15 cases of cephalic presentation
and 7 cases of breech presentation. The anthropometry
in the first visit showed a median HtSDS of -2.6 [-3.4,
-2.2] with Tanner stage 1 in all patients. In relation to
the phenotypic characteristics, 29.1% of the subjects pre-
sented some dysmorphic trait. The most common were
prominent and wide forehead with low scalp implanta-
tion, wide nasal root, high-arched palate, and some tooth
deficiencies. In addition, two patients presented Chi-
ari malformation type 1, one patient was obese (BMI z
score+2SD), and one patient had neurodevelopmental
delay and congenital hearing loss (Table 1). The median
peak of GH was 2.6 ng/mL [1.8-4.7] recorded at the
median age of 5.0 [4.0-9.2] years.

In relation to rhGH treatment, the median age at the
onset was 5.0 [4.0-9.2] years with a median HtSDS of
-2.5 [-3.5, -2.4], median growth velocity z scores of -2.5
[-3.4, -2.0] and median bone age delay 1.0 [1.0-2.0] year.
Two years after treatment, all patients presented an ade-
quate response to rhGH with a median HtSDS of -1.5
[-2.2, -0.7] and a median HtSDS increase of 1.4 [1.0-1.8]
(Table 1).

The median follow-up time was 9.5 [7.5-11.2] years.
Twelve of these patients underwent puberty spontane-
ously and in the remaining 12 patients pubertal devel-
opment had not yet started (with the three oldest aged
12-13 years). The rest of the pituitary axes evaluated in
the baseline analyses and throughout the evolution were
normal and patients did not present symptoms sugges-
tive of other hormonal deficiencies (Table 1).

The pituitary MRI findings were: fifteen patients with
APH (one with hypothalamic hamartoma and pars inter-
media cyst), one patient with EPP (located at infundibu-
lar region) and septum pellucidum agenesis, five patients
with APH and EPP (located at infundibular region), and
three patients with PSIS (EPP located in the hypotha-
lamic level in one, in the median eminence in the second
and in the infundibular region in the third) (Table 1 and
supplementary table).

Regarding the genetic studies carried out, five array
CGH were performed (20.8%): four with normal results
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and one with the presence of a familial balanced chromo-
somal translocation t(2;6) (q31;q15) with a hypopituita-
rism NGS panel without pathogenic findings. A total of
23 hypopituitarism NGS panels (95.8%) were performed,
one with likely pathogenic variant: GLI2 heterozygosity
NM_001374353.1:c.2515del p.(Asp839Thrfs*56) (likely
pathogenic). Finally, a clinical exome was performed on
one subject without conclusive pathogenic findings (Sup-
plementary table).

CPHD group characteristics

In this group of 6 patients there was equal prevalence
of the male and female sex with a current median age of
15.0 [13-16] years. The median gestational age was 37.5
[26—40] weeks with 4 preterm. The median birth weight
of the patients was 2507.5 [1281.2—-1281.2] g. Regarding
the presentation at birth, there were 4 cases of cephalic
presentation and 2 cases of breech presentation. The
average age at first visit of CPHD was 3.0 [1.5-5.2] years.
Diagnosis in all patients was due to growth restriction
(none with SGA) and two were also blind. Anthropometry
at the first appointment showed a median HtSDS of -2.8
[-4.7, -0.8] with a Tanner stage 1 in all.

The pituitary MRI findings were: one patient with APH
with absence of olfactory bulbs and interhypothalamic
adhesion, one patient with APH and EPP (located at
median eminence), two patients with SOD (two patients
with ONH), and two patients with PSIS (EPP located at
median eminence) (Table 1 and supplementary table).

Phenotypic abnormalities were observed in all patients,
of which the most frequent were prominent forehead,
wide nasal root, high-arched palate, syndactyly or other
alterations in fingers, tooth deficiencies, low set ears,
macrocephaly or microcephaly. Other comorbidities
observed were arthrogryposis and neurodevelopmental
delay in one patient with PSIS, while Hirschsprung dis-
ease, brachydactyly, interventricular septal defect, and
Brown syndrome were observed in another patient with
APH. Other comorbidities observed were arthrogryposis
and neurodevelopmental delay in one patient with PSIS,
Hirschsprung disease, brachydactyly, interventricular
septal defect, and Brown syndrome in another patient
with APH. One patient with SOD presented neurode-
velopmental delay, epilepsy, hypothalamic obesity (BMI
37.7+3.7 kg/m? SD and hyperphagia), sensorineural
hearing loss, visual impairment, and scoliosis with con-
genital torticollis. The other two patients (one with APH
and EPP, and the other with PSIS) only presented neu-
rodevelopmental delay, and the one with SOD also pre-
sented with blindness (Table 1 and supplementary table).

Genetic studies were performed with inconclusive find-
ings. Array CGH were performed with 4 patients (two
patients with PSIS, one with APH and EPP, and one
patient with APH) with no interpreted losses or gains of
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Table 2 Onset of additional pituitary deficiencies of CPHD group

Patient  Gender 1stDeficit 2nd Deficit 3rd 4th
(age) (age) Deficit Deficit
(age) (age)
1 Boy GH (7yrs)  TSH&ACTH  LH/FSH NA
(8 yrs) (14 yrs)
2 Girl GH (Tyrs)  TSH (5yrs) AVP (8 LH/
yrs) FSH
(13
yrs)
3 Boy GH6yrs) TSH(12yrs)  NA NA
Boy GH (1yrs)  LH/FSH (14 NA NA
yrs)
5 Girl GH@Byrs)  TSH (9yrs) ACTH (11 NA
yrs)
6 Girl GH (3 yrs)  TSH (7 yrs) NA NA

NA, not applicable; GH, growth hormone; TSH, thyroid stimulating hormone;
ACTH, adrenocorticotropic hormone; LH, luteinizing hormone; FSH, follicle-
stimulating hormone; AVP, arginine vasopressin hormone

genetic material being detected as pathogenic. The NGS
panel was negative in the two patients in whom it was
performed (one patient with PSIS and neurodevelopmen-
tal delay and one patient with APH and EPP). Finally, five
clinical exomes were performed with the two patients
with SOD, the two patients with PSIS and the patient
with APH with inconclusive results.

Regarding GH deficiency, the median peak of GH
was 1.3 ng/mL [0.9-2.3] recorded at median age of 3.0
[1.5-5.3] years. The median age at onset of rhGH treat-
ment was 6.0 [4—7] years, with a median HtSDS of -3.8
[-4.8,-3.6] and a median growth velocity z score of -3.2
[-4.2, -2], and a median bone age delay of 2.0 [2.0-3.0]
years. Two years after the start of treatment, all patients
presented a good response with a median HtSDS of -1.6
[-2.6, -0.9], a median HtSDS increase of 2.2 [2.2-2.3]. It
should be noted that one patient did not undergo treat-
ment with rhGH due to a family decision. Four patients
are being treated with rhGH at adult doses (Table 1).

Additional pituitary deficiencies observed after growth
hormone deficiency

Gonadotropin deficiency was diagnosed due to delayed
puberty, corticotrophin and thyrotropin deficiencies due
to asthenia or analytical control, and arginine-vasopres-
sin deficiency for clinical symptoms of nocturnal enuresis
with polydipsia or/with polyuria.

Patients were followed for a median of 13.5 [9.2-14.7]
years. Thyrotropin was the most frequently observed
deficiency (5 patients) diagnosed at a median age of 9
years [5—11]. Half of the group developed gonadotropin
deficiency (3 patients) and two patients developed corti-
cotrophin deficiency at eight and eleven years of age. The
least frequent deficiency was arginine vasopressin which
was found in one patient at 8 years old (Table 2).

Page 6 of 9

The three patients presenting with LH/FSH deficiency
(one female) were diagnosed due to delayed puberty
and low basal and stimulated FSH/LH values. Subse-
quently, pubertal induction was started at a median age
of 14 years [13.5-14]. The female patient’s puberty was
induced with 17f estradiol patches. One male is currently
receiving HCG and rFSH treatment and in the other male
patient pubertal induction was performed with IM tes-
tosterone (Table 1).

Reviewing the order of development of additional pitu-
itary deficiencies, thyrotropin deficiency was the second
deficiency manifested in all patients. Corticotrophin com-
bined with TSH was the second deficiency in one patient
and the third in another. Gonadotropin deficiency, clearly
manifested in three patients at the onset of puberty,
developed as the second, third and fourth deficiency.
Finally, arginine vasopressin deficiency developed third in
one patient (Table 2). The median time of appearance of
the second deficiency was 5.0 [4—6] years after the IGHD
diagnosis; the third, after 8.0 [7.5-8] years; and the fourth,
after 12 years (only one patient) (Table 2).

Discussion

CH is a condition with wide clinical, cerebral MRI and
genetic heterogeneity. The most frequent deficiency is
GH, which can present by itself or combined with oth-
ers. In this paper the follow-up of paediatric patients
who were initially diagnosed with isolated GH deficiency
as well as pituitary morphology abnormality on MRI is
described. Six patients manifested other pituitary hor-
monal deficiencies during follow-up so according to the
presence of additional pituitary deficiencies, patients
were divided into two groups: isolated congenital growth
hormone deficiency (IGHD) and combined pituitary hor-
mone deficiencies (CPHD) respectively. The clinical fea-
tures, anthropometry, pituitary MRI, response to rhGH
treatment and genetics tests are presented and compared
between the two groups (IGHD andCPHD).

Notably in this study of 30 patients, males predomi-
nated, as was also observed in reviews by Cerbone et al.
and studies by Child et al. [1, 11]. In general, patients with
GH deficiency and pituitary morphology abnormality on
MRI are diagnosed at an earlier age than other patients
with GH deficiency, probably due to greater impairment
in the pituitary gland. Accordingly, the mean age at diag-
noses of our cohort was 3 years.

CPHD had significantly more affected HtSDS at first
visit and at rhGH initiation (p-value 0.0001 and 0.01
respectively). Patients in both groups had all presented
growth impairment during the first year after birth,
although no patient presented hypoglycaemia during the
neonatal period. Furthermore, there was a clear predomi-
nance of neurodevelopmental impairment and pheno-
type dysmorphology in the CPHD group, which was also
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observed in other reviews by Cerbone et al. Child et al.
and Blum et al. [17-19].

In general, the median ages of initiation of rhGH were
similar in patients with IGHD and the others who subse-
quently developed other pituitary deficiencies. However,
patients with CPHD had significantly more delayed bone
age (p-value 0.003). The GH response was very good in
both groups, although the increase in HtSDS at two years
was significantly better in the CPHD group (p-value
0.02). These data are consistent with the review by Cer-
bone et al. and study by Blum et al. [17, 19] which point
out there is a greater risk of developing combined pitu-
itary deficiencies in patients with a single growth hor-
mone deficiency with more severe growth restriction,
although this does not exclude milder forms from evolv-
ing to CPHD.

A total of 2.5% positive results in the different genetic
tests were observed. This low results in genetic tests sug-
gest there may be other genes involved, neither studied
with our panel (only includes 20 genes) nor yet described.
In addition, no genetic causes may be involved in the eti-
ology of CH [13] Variability in the pathogenic variants’
penetrance and also in the phenotypes of the genes that
intervene in the hypothalamic-pituitary development
makes it difficult to interpret the results obtained and
to describe new genes, as previously reported [5, 9, 17,
30]. In addition, the sample was small, and the number of
subjects would have to be increased to have more accu-
rate data. To remark on our sample of patients with initial
diagnoses of IGHD with MRI abnormalities we did not
find any pathogenic variations on PROPI and POUIFI
genes despite these being the most frequently described
genes in patients with congenital hypopituitarism [16].
This may be due, as mentioned before, to the small sam-
ple of subjects or to the inclusion criteria of patients with
initial diagnoses of IGHD deficiency. While not detailed
in this manuscript, unpublished data from our clinical
practice indicate that the diagnostic yield increases to
approximately 16% with clinical exome sequencing and
up to 20% when array-CGH is additionally performed.

Only one patient in the IGHD group presented posi-
tive findings in the genetic tests. The patient with GLI2
likely pathogenic variants had no dysmorphological trait
and presented APH with EPP in MRI. The MRI cerebral
abnormality reported in the literature as being associated
with this gene correlate with the one identified in our
patient [2, 3, 17]. However, the clinical phenotype most
frequently described as linked to this gene was not pres-
ent in the patient, suggesting a variable penetrance (GLI2
with polydactyly and midface abnormalities/central inci-
sor) [1-3, 17].

The IGHD patients did not present any other pheno-
typic abnormalities except for the MRI alterations that
were restricted to the hypothalamic-pituitary region.

Page 7 of 9

In addition, the proportion of patients with PSIS was
notably smaller in this group compared with the CPHD
group (3/24 vs. 2/6). The three patients with IGHD and
PSIS did not have positive results in the genetic NGS
panel, which includes the most frequent genes associ-
ated with PSIS (HESX1, LHX4, SOX3, OTX2, ROBOI and
PROKR?2). According to Cerbone et al.,, Child et al. and
Gregory et al. [9, 17, 18] the presence of midline defects
(optic nerve hypoplasia or alteration of the corpus callo-
sum and septum pellucidum) together with alterations in
the H-P axis or an interruption of the pituitary stalk and
localization of EPP or APH (depending on the degree and
the presence of empty sella turcica) confer a greater risk
of progression to other pituitary deficiencies [9, 17-19].
Therefore, some patients in this group will require closer
monitoring of hormonal status depending on their MRI
findings.

It should be noted that no positive results were found
in the CPHD group with the selected genetic tests includ-
ing the non-conclusive CES. Jee et al. [31] report that
congenital sporadic hypopituitarism has a more complex
aetiology than is associated with a simple monogenic dis-
order with complete penetrance and that an oligogenic or
digenic inheritance may be present as has also been sug-
gested by Hamdi-Rozé et al. and Gregory et al. [30, 32]. In
addition, sporadic cases could be caused by environmen-
tal factors such as drug and alcohol abuse during preg-
nancy, among others [13]. As mentioned previously, the
small number of patients and the limited genes analysed
could have contributed to the negative results observed
in this cohort.

In our series, thyrotropin deficiency was the most prev-
alent hormonal pituitary deficiency and the least frequent
was arginine-vasopressin, in keeping with the results pre-
sented in the review by Cebrone et al. and the studies of
Child et al. and Blum et al. [17-19]. The median time until
the appearance of additional deficiencies was 5 years for
the second, and 8 years for the third deficiency, in line
with previous reports [17]. Nevertheless, among the
various studies reviewed by Cebrone et al. [17] presen-
tation time of second deficiencies varied. In our cohort,
TSH was the second deficiency in all but one patient. All
patients with central hypothyroidism required increasing
doses of levothyroxine during follow-up to maintain FT4
levels in the mid-upper half of the normal range accord-
ing to recommendations [3, 33] supporting the diagnosis
of TSH deficiency.

The average follow up of patients with CPHD was 4.4
years longer than that of those with IGHD. Considering
this and the fact that 12 of the latter patients had not yet
reached the age of puberty, it is probable that with lon-
ger follow-up other deficiencies might appear in these
patients. Therefore, it should be taken into account that
there is a possibility that with longer follow-up, some of
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the IGDH patients may develop other deficiencies. Addi-
tionally, it remains uncertain whether IGHD may per-
sist or resolve during adulthood. Some patients may no
longer require rhGH treatment, and this should be reas-
sessed at that time.

Study limitations

The limitations of our study include the retrospective
nature of the study, and the limited number of patients
included.

Conclusion

In patients with IGHD and pituitary abnormalities it
is advisable to follow up their pituitary hormonal func-
tion over the years due to the risk of manifestation of
new added deficiencies. Although, it is difficult to estab-
lish risk factors for the appearance of other deficiencies.
In our series, patients who developed CPHD presented
more height impairment at diagnoses, more delayed
bone age and a greater response to rhGH treatment. Fur-
thermore, in these cases dysmorphic phenotypic features,
delayed neurodevelopment, and malformations in other
organs were usually associated with more severe findings
in the brain MRI. Finally, the genetic study was positive
in only one patient (GLI2) probably related to the inclu-
sion criteria.
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PSIS Pituitary stalk interruption syndrome

SOD Septo-optic dysplasia

HPE Holoprosencephaly

APH Pituitary hypoplasia

H-P Hypothalamic-pituitary

TSH Thyroid stimulating hormone

LH Luteinizing hormone

FSH Follicle-stimulating hormone
AVP Arginine vasopressin

ACTH  Adrenocorticotropic hormone
GH Growth hormone

rhGH Recombinant human growth hormone
EPP Ectopic posterior pituitary
ONH Optic nerve hypoplasia

ACC Corpus callosum

SGA Small for gestational age

MRI Magnetic resonance

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512902-025-01980-7.

[ Supplementary Material 1 ]

Acknowledgements
Fanny Ospina, Lucrecia Zamora, Christopher Antonio Sénchez and Gladys
Santos.

Page 8 of 9

Author contributions

CA organized the data collection and drafted the initial and final manuscript.
DY conceptualized and designed the review and drafted the first and final
manuscript. NG reviewed the manuscript and approved the final manuscript.
EM reviewed the manuscript and approved the final manuscript. AC
reviewed the manuscript and approved the final manuscript. AF reviewed the
manuscript and approved the final manuscript. PF reviewed the manuscript
and approved the final manuscript. EV reviewed the manuscript and approved
the final manuscript. MC conceptualized and designed the review and
drafted the first and final manuscript. All authors were involved in writing the
manuscript and approved the final version.

Funding
There is no funding source.

Data availability

Data availability: The datasets analyzed during the current study are available
in the ClinVar repository https://www.ncbi.nim.nih.gov/clinvar/. Accession
number: SCV006080850, SCV006080849, SCV006080848.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee for Research with
Medicines (Comité de Etica de Investigacién con Medicamentos) of the
Vall d'Hebron University Hospital, affiliated with the Vall d’Hebron Institute
of Research (CAI-VHIR) PR(AMI)319/2023. Consent was obtained from all
individual participants or their legal surrogates for the use of their data. In
the case of participants under the age of 16, informed consent to participate
was obtained from their parents or legal guardians. The Ethics Committee
approved the study based on the use of anonymous data and the absence
of any intervention. The research was conducted in accordance with the
Declaration of Helsinki and relevant national ethical guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Author details

'Paediatric Endocrinology Service, Hospital Universitari Vall d’Hebron,
Barcelona, Spain

’Molecular Genetics Laboratory. Hospital Universitari, Vall d’Hebron,
Barcelona, Spain

*Paediatric Radiology Service, Hospital Universitari, Vall d'Hebron,
Barcelona, Spain

“CIBER Enfermedades Raras, Instituto Carlos Ill, Madrid, Spain
SUniversitat Autdbnoma de Barcelona, Barcelona, Spain

Received: 9 December 2024 / Accepted: 9 June 2025
Published online: 01 July 2025

References

1. Cullingford DJ, Siafarikas A, Choong CS. A service of the National library of
medicine. National Institutes of Health. Feingold KR. MDText.com, Inc; 2000.

2. Cerbone M, Katugampola H, Dattani MT. Hypothalamic and Pituitary Disor-
ders Affecting the Fetus and Neonate [Internet]. Maternal-Fetal and Neonatal
Endocrinology: Physiology, Pathophysiology, and Clinical Management.
Elsevier Inc; 2020. 709-734 p. Available from: https://doi.org/10.1016/B978-0
-12-814823-5.00042-8

3. BoschiAra L, Katugampola H, Dattani MT. Congenital hypopituitarism during
the neonatal period: epidemiology, pathogenesis, therapeutic options, and
outcome. Front Pediatr. 2021;8(February):1-17.


https://doi.org/10.1186/s12902-025-01980-7
https://doi.org/10.1186/s12902-025-01980-7
https://www.ncbi.nlm.nih.gov/clinvar
https://doi.org/10.1016/B978-0-12-814823-5.00042-8
https://doi.org/10.1016/B978-0-12-814823-5.00042-8

Aguilar-Riera et al. BMIC Endocrine Disorders

(2025) 25:157

Mehta A, Dattani MT. Developmental disorders of the hypothalamus and
pituitary gland associated with congenital hypopituitarism. Best Pract Res
Clin Endocrinol Metabolism. 2008;22:191-206.

Crisafulli G, Aversa T, Zirilli G, De Luca F, Gallizzi R, Wasniewska M. Congenital
hypopituitarism: how to select the patients for genetic analyses. Italian
Journal of Pediatrics. Volume 44. BioMed Central Ltd.; 2018.

Cerbone M, Katugampola H, Simpson HL, Dattani MT. Approach to the
patient: management of pituitary hormone replacement through transition. J
Clin Endocrinol Metab. 2022;107(7):2077-91.

Voiculescu SE, Rosca AE, Zagrean AM, Le Duc D. The pineal gland develop-
ment and its physiology in fetus and neonate. Maternal-Fetal and neonatal
endocrinology: physiology, pathophysiology, and clinical management.
Elsevier; 2020. pp. 547-61.

Katugampola H, Cerbone M, Dattani MT. Normal hypothalamic and pituitary
development and physiology in the fetus and neonate. Maternal-Fetal and
neonatal endocrinology: physiology, pathophysiology, and clinical manage-
ment. Elsevier; 2020. pp. 527-45.

Gregory LC, Dattani MT. The molecular basis of congenital hypopituitarism
and related disorders. J Clin Endocrinol Metab. 2020;105(6):2103-20.
Kelberman D, Rizzoti K, Lovell-Badge R, Robinson ICAF, Dattani MT. Genetic
regulation of pituitary gland development in human and mouse. Endocr Rev.
2009;30:790-829.

Agha M, Sallam MSM, Abougabal AM, Abdelgawad MS. Pituitary stalk inter-
ruption syndrome (PSIS): do not miss this diagnosis. Egypt J Radiol Nuclear
Med. 2022;53(1).

Ichiro Fujisawa Kiyoshi Kikuchi Kazumasa Nishimura Kaori Togashi Kyo Itoh
Satoshi Noma Shunsuke Minami Tadasahi Sagoh Tetsuro Hiraoka Toru Momoi
Haruki Mikawa Yoshihisa Nakano Harumi Itoh Junji Konishi. Transection of
the pituitary stalk: developmen of an ectopic psterior lobe assessed with MR
imaging. Radiology. 1987;165(Radiology):487-9.

Maller HL, Tauber M, Lawson EA, Ozyurt J, Bison B, Martinez-Barbera JP et

al. Hypothalamic syndrome. Vol. 8, Nature reviews. Disease primers. NLM
(Medline); 2022. p. 24.

Xatzipsalti M, Voutetakis A, Stamoyannou L, Chrousos GP, Kanaka-Gantenbein
C. Congenital hypopituitarism: various genes, various phenotypes. Hormone
and Metabolic Research. Volume 51. Georg Thieme; 2019. pp. 81-90.
Rodriguez F, Campos A, Gonzélez I. Actualizacién del hipopituitarismo con-
génito. Aspectos clinicos y genéticos. Rev Esp Endocrinol Pediatr [Internet].
2018,9(Suppl 1):30-9. Available from: https.//www.endocrinologiapediatrica.
org/revistas/P1-E25/P1-E25-51412-A457 pdf

Argente J, Tatton-Brown K, Lehwalder D, Pfaffle R. Genetics of Growth
Disorders—Which Patients Require Genetic Testing? Vol. 10, Frontiers in
Endocrinology. Frontiers Media S.A,; 2019.

Cerbone M, Dattani MT. Progression from isolated growth hormone defi-
ciency to combined pituitary hormone deficiency. Growth Hormone and IGF
Research [Internet]. 2017;37:19-25. Available from: https://doi.org/10.1016/j.g
hir.2017.10.005

Child CJ, Blum WF, Deal C, Zimmermann AG, Quigley CA 4, Drop SLS et al.
Development of additional pituitary hormone deficiencies 1 in pediatric
patients originally diagnosed with isolated 2 growth hormone deficiency
due to organic causes 3.2016.

Blum WF, Deal C, Zimmermann AG, Shavrikova EP, Child CJ, Quigley CA, et

al. Development of additional pituitary hormone deficiencies in pediatric

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

Page 9 of 9

patients originally diagnosed with idiopathic isolated GH deficiency. Eur J
Endocrinol. 2014;170(1):13-21.

Parera LA, Ybern MLG, Dot MM, Agullé MG. Estandarizacion inmunoandlisis
GH. Endocrinologia Y Nutricion. 2010;57(6):285-6.

Sari’S, Sari E, AkgunV, Ozcan E, Ince S, Saldir M, et al. Measures of pituitary
gland and stalk: from neonate to adolescence. J Pediatr Endocrinol Metab.
2014;27(11-12):1071-6.

Park J, Titman A, Lancaster G, Selvarajah B, Collingwood C, Powell D et al.
Baseline and peak cortisol response to the Low-Dose short synacthen test
relates to indication for testing, age, and sex. J Endocr Soc. 2022;6(6).

Andrioli M, Giraldi FP, Cavagnini F. Isolated Corticotrophin deficiency. Pituitary.
2006,9(4):289-95.

Beishuizen A, Van Lijf JH, Lekkerkerker JFF, Vermes |. The low dose (1 mg)
ACTH stimulation test for assessment of the hypothalamo-pituitary-adrenal
axis. 56, Neth J Med. 2000.

Young J, Xu C, Papadakis GE, Acierno JS, Maione L, Hietamaki J, et al. Clinical
management of congenital hypogonadotropic hypogonadism. Endocrine
Reviews. Volume 40. Oxford University Press; 2019. pp. 669-710.

Winzeler B, Cesana-Nigro N, Refardt J, Vogt DR, Imber C, Morin B, et al.
Arginine-stimulated copeptin measurements in the differential diag-

nosis of diabetes insipidus: a prospective diagnostic study. Lancet.
2019;394(10198):587-95.

Refardt J, Atila C, Chifu |, Ferrante E, Erlic Z, Drummond JB, et al. Arginine or
hypertonic Saline-Stimulated copeptin to diagnose AVP deficiency. N Engl J
Med. 2023;389(20):1877-87.

Carrascosa A, Mesa J. Barcelona longitudinal growth study 1995-2017. Endo-
crinol Diabetes Nutr. 2018,65(6):311-3.

Greulich WW, Pyle IS. Radiographic Atlas of Skeletal Development of the
Hand and Wrist. Second Edition. Stanford Univarsity Press: Stanford University
Press; 1959.

Gregory LC, Cionna C, Cerbone M, Dattani MT. Identification of genetic
variants and phenotypic characterization of a large cohort of patients with
congenital hypopituitarism and related disorders. Genet Sci. 2023;25(9).

Jee YH, Gangat M, Yeliosof O, Temnycky AG, Vanapruks S, Whalen P et al.
Evidence that the etiology of congenital hypopituitarism has a major genetic
component but is infrequently Monogenic. Front Genet. 2021;12.
Hamdi-Roze H, Ware M, Guyodo H, Rizzo A, Ratié L, Rupin M et al. Disrupted
hypothalamo-pituitary axis in association with reduced SHH underlies the
pathogenesis of NOTCH-deficiency. J Clin Endocrinol Metab. 2020(9):249.
Van Trotsenburg P, Stoupa A, Léger J, Rohrer T, Peters C, Fugazzola L et al.
Congenital Hypothyroidism: A 2020-2021 Consensus Guidelines Update - An
ENDO-European Reference Network Initiative Endorsed by the European
Society for Pediatric Endocrinology and the European Society for Endocrinol-
ogy. Vol. 31, Thyroid. Mary Ann Liebert Inc; 2021. pp. 387-419.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.endocrinologiapediatrica.org/revistas/P1-E25/P1-E25-S1412-A457.pdf
https://www.endocrinologiapediatrica.org/revistas/P1-E25/P1-E25-S1412-A457.pdf
https://doi.org/10.1016/j.ghir.2017.10.005
https://doi.org/10.1016/j.ghir.2017.10.005

	﻿Progression from isolated growth hormone deficiency to a combined pituitary hormone deficiency in a cohort of paediatrics patients with pituitary morphology abnormalities on MRI
	﻿Abstract
	﻿Background
	﻿Patients and methods
	﻿Patients
	﻿Methods: demographics and clinical
	﻿Methods: investigation
	﻿Methods: genetic tests
	﻿Statistical analysis

	﻿Results
	﻿IGHD group characteristics
	﻿CPHD group characteristics
	﻿Additional pituitary deficiencies observed after growth hormone deficiency

	﻿Discussion
	﻿Study limitations

	﻿Conclusion
	﻿References


