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a b s t r a c t 

Pituitary development arises from ectodermal tissue creating Rathke’s pouch and ultimately 

the adenohypophysis anteriorly whereas neuroectodermal tissue arising from the dien- 

cephalon creates the neurohypophysis posteriorly. Alterations in pituitary development can 

lead to hormonal dysregulation and dysfunction. Following clinical suspicion of pituitary 

endocrinopathy, MRI plays a vital role in identifying and characterizing underlying struc- 

tural abnormalities of the pituitary gland, as well as any associated extrapituitary findings. 

Here we report a case of an 18-month-old female presenting with short stature and growth 

hormone deficiency. MRI was notable for a shallow sella turcica, a hypoplastic adenohy- 

pophysis, thin pituitary stalk, and ectopic neurohypophysis. Interestingly, the pituitary stalk 

was noted to split dorsoventrally with a split pituitary bright spot and T1 hypointense lobe 

hypothesized to represent separation of the posterior pituitary lobes. 

© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Clinical evidence of hypopituitarism in children may raise
suspicion for a developmental anomaly of the hypothalamic-
pituitary axis. High-resolution MRI is necessary to confirm
structural pituitary abnormalities and also to exclude other
etiologies such as neoplastic and inflammatory causes [1] .
MRI is further useful for identifying any associated extrapitu-
itary malformations including ocular abnormalities, craniofa-
cial dysmorphisms, and other morphology on the holoprosen-
cephaly spectrum [ 2 ,3 ]. 
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Phenotypic variation is broad among congenital pituitary
patients. Earlier age at diagnosis is associated with more se-
vere phenotypes [2] . Neonates with hypopituitarism exhibit
more severe features including hypoglycemia, hemodynamic
instability and cholestasis which are typically apparent soon
after birth whereas children with milder presentation such as
growth delay present at a median age of 4.1 years [4] . Patients
may also present postpubertally or in adulthood [ 5 ,6 ]. The de-
gree of hormonal deficiency is closely linked to the extent of
phenotypic abnormality. Additionally, anatomic findings on
MRI correlate with extent of hormonal deficiency. Multiple pi-
tuitary hormonal deficiency is associated with increased in-
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Fig. 1 – Sagittal images of the sella show pituitary hypoplasia within a hypoplastic sella (thick arrow). The pituitary 

infundibulum is split in the dorsoventral direction and terminates into 2 small nodules (thin and dashed arrows). The 
dorsal nodule has the characteristic appearance of the posterior pituitary “bright spot” with intrinsic bright signal (dashed 

arrow) on the pregadolinium T1-weighted image (center). The ventral nodule does not show intrinsic T1 shortening (center) 
and demonstrates enhancement (right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cidence of stalk interruption, degree of ectopia, and extent of
anterior pituitary hypoplasia as compared to those with iso-
lated growth hormone deficiency [ 7 ,8 ]. 

Here we present a unique case in a child with multiple pitu-
itary hormone deficiencies in which the pituitary stalk is sepa-
rated dorsoventrally and the adenohypophysis is hypoplastic.

Case report 

An 18-month-old female presented to pediatric endocrinol-
ogy with chief concern of short stature. She had growth delay
with a height z-score of -4.03 and weight -3.55. Weight/length
remained around the 50th percentile. Relevant birth history
included C-section at 34 weeks gestation secondary to pre-
mature rupture of the membranes and fetal distress. Of note,
serum screening for congenital disorders of glycosylation and
urine screen for lysosomal storage disorders were negative. 

Laboratory assessment revealed an undetectable ( < 10
ng/mL; reference range 28-256) insulin-like growth factor 1
(IGF-1) by LC/MS and an insulin-like growth factor-binding
protein 3 (IGFBP-3) 0.8 mcg/mL (ref range 07-3.6). Serum
growth hormone measured low at 0.11 ng/mL (ref range 0.01-
3.61). AM cortisol was normal at 9.9 mcg/dL (ref range 7-25).
Thyroid stimulating hormone (TSH) measured low normal at
3.8 mIU/mL (ref range 0.7-6.0) and subsequent free serum T4
low at 0.8 ng/dL (ref range 1.0-1.8). Additional testing includ-
ing parathyroid hormone, complete blood and metabolic pro-
file, ferritin, and c-reactive protein (CRP) were within normal
limits. Radiographic bone age was delayed with an age of 9
months (SD 3.5 months). 

Brain MRI demonstrated a hypoplastic adenohypophysis
within a shallow sella turcica with blunting of the dor-
sum sella ( Fig. 1 ). The pituitary infundibulum was split in a
dorsoventral orientation. A nodular focus along the inferior
aspect of the dorsal stalk was hyperintense on pre-gadolinium
T1-weighted images. A separate nodule along the ventral stalk
was isointense to gray matter on T1-weighted images and
demonstrated mild enhancement. There were no additional
midline CNS anomalies in the brain, face, or spine. 

Following work up, patient was subsequently started on
subcutaneous growth hormone, levothyroxine, and hydrocor-
tisone to address growth and lab abnormalities. Ongoing en-
docrinology follow up to assess milestones planned. 

Discussion 

The pituitary gland arises from ectodermal tissue originat-
ing from 2 distinct and separate embryologic locations. The
adenohypophysis arises from early dorsal extension of ecto-
dermal tissue from the stomodeum to create Rathke’s pouch
which further meets the neurohypophysis to create the pars
distalis, pars tuberalis, and pars intermedius. Posteriorly, the
neurohypophysis descends ventrally from neuroectodermal
tissue at the floor of the diencephalon to create the infundibu-
lar process and ultimately the pars nervosa. Given its sep-
arate ectodermal origins, the anterior pituitary receives sig-
naling uniquely through the neurohypophyseal portal sys-
tem. As such, hypopituitarism consisting of adenohypophy-
seal hormones including prolactin, growth hormone, adreno-
corticotropic hormone (ACTH), luteinizing hormone (LH), fol-
licle stimulating hormone (FSH), and TSH may arise not only
from a hypoplastic adenohypophysis, but also a malformed
neurohypophyseal portal system. 

In contrast, the posterior pituitary receives direct axonal
signaling from the hypothalamus. Specifically, the supraop-
tic and paraventricular nuclei contain magnocellular neurons
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with axons traveling down the hypothalamohypophyseal tract
wherein neurosecretory granules are released. The neurose-
cretory granules containing vasopressin at the terminus of
these axons are believed to create the posterior pituitary in-
herent T1 hyperintense “bright spot” on MRI [9–12] . While both
subtypes of magnocellular neurons are found to produce oxy-
tocin and vasopressin, the paraventricular nucleus is closely
tied to vasopressin and the supraoptic nucleus to oxytocin
[13] . The T1 bright spot is seen in the majority of patients, with
approximately 83%-100% of adults exhibiting this finding in
different studies [14–17] . In the absence of pituitary pathology,
essentially 100% of children have a normal T1 hyperintensity
within the neurohypophysis [ 18 ,19 ]. In the presently described
case, we note the presence of the intrinsically T1 hyperintense
nodule along the dorsal split pituitary stalk in addition to a
T1 hypointense nodule along the more ventral split pituitary
stalk. Given these differences in signal characteristics, we hy-
pothesize that the posterior pituitary is functionally split into
oxytocin and vasopressin containing components. 

The spectrum of aberrant pituitary development and asso-
ciated midline abnormalities including absence or complete
stalk interruption are varied. It is important to note that it
is unclear whether the present pituitary stalk splitting rep-
resents separation of the posterior pituitary or duplication.
To our knowledge, only one such similar case has been pub-
lished. In this case, a 4 1/2 year old female patient with frontal
bossing and growth delay was found to have a split pituitary
stalk for which dorsoventral duplication was suggested [6] .
Notably, lateral duplication of the pituitary is a known rare
phenomenon with fewer than 60 cases of pituitary duplica-
tion having been reported in the literature [ 8,20 ]. Lateral du-
plication arises embryologically from early separation of the
anterior aspect of the notochord and prechordal plate caus-
ing phenotypes more commonly associated with hyperpitu-
itarism [ 1 ,21 ]. Future work exploring the functional division
and embryologic development in these cases is needed. 

MRI is an important for identifying structural anoma-
lies in patients with pituitary hormonal deficiencies. A prior
data set of 946 MRI exams performed on pediatric and adult
patients with nonacquired constitutional hypopituitarism
demonstrated structural pituitary imaging abnormalities in
79.7% of patients [22] . Of these, 61.9% demonstrated adeno-
hypophyseal anomalies, 37.8% had ectopic neurohypophysis
and 41.9% had pituitary stalk anomalies. Further, in the same
large-scale study, 5.5% exhibited corpus callosal anomalies,
0.2% holoprosencephaly, in addition to other midline abnor-
malities. Optic pathway abnormalities were common com-
prising 16.1% of the cohort and include abnormalities such as
septooptic dysplasia (5.1%). In the context of pituitary anoma-
lies, MRI plays an important role towards identifying the ex-
tent of any additional possible structural abnormalities seen
in these patients. 

Identifying individual genetic components leading to mor-
phologic sequela is key to understanding pituitary develop-
ment. Interestingly, Scala et al. in their exploration of the split
pituitary case found the patient’s father had an ectopic neuro-
hypophysis without similar split. Subsequent microarray im-
plicated ROBO1 deletion as an underlying contributor. ROBO1
has been identified in multiple other cases of split pituitary
stalk, but no similar separation of the pituitary stalk has been
otherwise described [23–25] . In our above described case, no
genetic analysis has been performed. Future work exploring
ROBO1, in addition to other implicated genetic factors, for ex-
ample PROP1, LHX3, LHX4, SOX3, OTX2, GPR161, PROKR2, and
HESX1 2 , would help expand our understanding of pituitary de-
velopment. 

Conclusion 

This case report illustrates a rare example of an anomalously
formed pituitary gland revealing insights into embryology of
the pituitary gland. 

Patient consent 

Written parental consent for publication of patient image ma-
terial and associated medical information was obtained by in-
stitutional form. 
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