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Summary: Pituitary duplication is a rare malformation,
reported previously in approximately 18 patients. It is usu-
ally unsuspected before imaging, although it occurs most
commonly in association with complicated midline and
skull base anomalies. It is easily shown by MR imaging.
Five new cases of pituitary duplication were diagnosed by
using MR imaging studies reviewed at the Hospital for Sick
Children. Among the many associated midline abnormali-
ties, partial basilar artery duplication is a previously un-
described finding that we observed in all our cases. Cases
of basilar artery duplication or fenestration are associated
with altered flow dynamics, leading to a higher incidence of
aneurysms. Periodic surveillance for this potential compli-
cation may be warranted.

We report a rare congenital anomaly, basilar artery
segmentation, occurring in five new cases of duplication
of the pituitary gland. This feature has not been previ-
ously reported in the literature. We discuss the embry-
ology and potential complications of basilar artery and
pituitary duplication and review the related literature.

Cases
Five new cases of pituitary duplications were diagnosed

based on MR imaging studies reviewed at the Hospital for Sick
Children, Toronto, Canada. The patients included a 28-week-
premature female, a 2-month-old female, a 2-day-old male, a
3-year-old male, and a neonate male patient. Initial reasons for
imaging included facial dysmorphism, including oral mass, de-
velopmental delay, and, in one patient, prematurity-related
complications. No patient had symptoms referable to the pitu-
itary axis at the time of imaging, although one of the four
survivors developed precocious puberty. Routine imaging of
the brain led to dedicated sellar imaging. In all patients, the
basilar artery was well seen on axial and coronal view spin-echo
images. Three patients also underwent 3D time-of-flight MR
angiography to evaluate the circle of Willis.

Case 1
A 1-year-old male patient was referred for MR imaging of

the head because of macrocephaly (head circumference beyond
the 98th percentile), mild facial dysmorphism, and mild devel-
opment delay. On the localizer sagittal view MR images, thick-
ening of the hypothalamus was observed, which led us to
perform dedicated MR imaging of the sella with thin section
coronal view images. The MR imaging revealed two pituitary
glands with two infundibular stalks (Fig 1). The tuber cinereum
and mamillary bodies were fused into one thickened mass
(tubomamillary fusion), extending along the floor of the third

ventricle. Mild hypertelorism was present. Also noted was a
wide pons with a prominent ventral raphe and a sagittal cleft in
the odontoid. 3D time-of-flight sequence MR angiography re-
vealed duplication of the basilar artery from the level of the
midpons rostrally. The posterior cerebral artery and the supe-
rior cerebellar artery on each respective side arose separately
from the split basilar artery. The circle of Willis was otherwise
normal. The results of metabolic, chromosomal, and hormonal
studies were normal. No laboratory evidence of pituitary dys-
function was observed.

Case 2
A 2-day-old female patient who was born at term was re-

ferred for MR imaging to evaluate a protruding whitish mass
from the oral cavity. This was thought to be a meningocele or
an encephalocele, because the mass increased in size or pro-
truded more when the patient cried. No other abnormal clinical
findings were observed. MR imaging showed tubomamillary
fusion, two infundibular recesses, two pituitary stalks, and two
bright pituitary glands. There is increased signal intensity of the
pituitary gland due to hormonal influences, a known feature in
the first 6 weeks of life. This finding made the diagnosis of
pituitary duplication obvious. Associated corpus callosal agen-
esis was also noted in this case. The mass in the oral cavity was
seen to be a lipomatous mass (bright on T1-weighted images
and dark on T2-weighted images) and was attached to the soft
palate. MR angiograms were not available for review in this
case. Coronal view fast spin-echo T2-weighted images revealed
a partial segmentation of the basilar artery (similar to that
observed in case 1) from the level of midpons rostrally. CT with
3D reconstructions showed duplication of the bony sella (Fig 2).
Hormonal and metabolic studies did not reveal any abnormalities.
The oral mass was excised and reported to be a dermoid.

Case 3
This neonate female patient initially underwent CT at birth

to assess a craniofacial abnormality, which was subsequently
diagnosed as mandibular duplication and teratoma. She under-
went bilateral sagittal split advancement to correct spheno-
mandibular-maxillary fusion. MR imaging was performed when
the patient was 2 months old and showed two pituitary glands
and two infundibula. Hypothalamic mass or thickening due to
tubomammillary fusion was also evident. In this patient, too,
similar segmentation of the basilar artery was noted from the
midpons rostrally (Fig 3). The patient, who was 8 years old at
the time of this writing, subsequently developed precocious
puberty and is being treated with intramuscular injection of
DepoLupron (7.5 mg administered once a month).

Case 4
Sonography of the brain of this 28-week-premature female

patient showed enlarged ventricles with germinal matrix and
intraventricular blood. The patient underwent CT to further
evaluate this finding. Anomalies of the skull base suggesting
sellar duplication were identified, and MR imaging was subse-
quently performed. The MR imaging confirmed enlarged ven-
tricles with intraventricular blood. Two pituitary glands were
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seen and were bright on T1-weighted images. Hypothalamic
thickening was also obvious on MR images. The spinal cord in
the superior cervical region was tethered anteriorly into the phar-
ynx through split vertebral bodies. MR angiography showed par-
tial duplication of the basilar artery (Fig 4). The patient died
shortly thereafter as a result of complications of prematurity. At
autopsy, the floor of the third ventricle was thickened with fusion
of the tuber cinereum and the mammillary bodies. Basilar artery
duplication was confirmed at autopsy. Each pituitary gland was
normal in its morphology and histology.

Case 5
This neonate male patient initially underwent CT to assess

difficulty in passing a nasal feeding tube and suspected choanal
atresia. CT showed an oral dermoid and widened pituitary fossa.
Identification of a distal split in the basilar artery shown on CT
scans led us to suggest pituitary duplication, which was confirmed
by MR imaging (Fig 5). The mass in the midline in the palate was
excised and was reported to be a “hairy” dermoid. MR angiogra-
phy confirmed basilar artery duplication, and the lower brain stem
in this case, too, was tethered anteriorly.

FIG 1. Images from the case of a 1-year-old male patient with macrocephaly and mild facial dysmorphism (case 1).
A, Sagittal view T1-weighted MR image shows tubomammillary fusion (arrow).
B, Coronal view T1-weighted MR image shows the bright signal intensity in the posterior pituitary of a duplicated gland.
C, Frontal projection time-of-flight MR angiogram shows the distal split of the basilar artery (arrow).

FIG 2. Images from the case of a 2-day-old female patient who presented with a
protruding whitish mass from the oral cavity (case 2).

A, Sagittal view T1-weighted MR image shows tubomammillary fusion (short arrow) and
the oral dermoid (long arrow).

B, Coronal view T1-weighted MR image shows duplicated pituitary gland (arrows).
C, Coronal view T2-weighted MR image shows two infundibular stalks (arrows).
D, 3D CT scan shows duplicated sella.
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Summary of Imaging Findings

Pituitary Gland, Floor of the Third Ventricle
Fusion of the mammillary bodies and tuber cinereum

into a single midline mass was identified in all patients
(Table 1). The resultant thickened floor of the third
ventricle was easily identified on sagittal view images
and let to dedicated sellar imaging. In all patients,
duplication of the pituitary stalk and gland was
present. Pituitary glands were particularly easy to
identify on the MR images of the three neonates
because the pituitary gland at that age is homog-

enously bright on T1-weighted images and because
of a lack of fatty marrow in the sphenoid gland.

Basilar Artery
Routine imaging of all patients revealed partial

segmentation of the basilar artery, from the level of
the midpons rostrally (Table 1). 3D time-of-flight se-
quence MR angiography was available for two of the
five patients and confirmed duplication of the basilar
artery, from the level of the midpons rostrally. The
posterior cerebral artery and the superior cerebellar

FIG 4. Images from the case of a premature female patient who was born at 28 weeks (case 4).
A, Coronal view T1-weighted MR image shows duplicated pituitary gland (long arrows). Short arrow indicates germinal matrix bleed

on the right side.
B, Time-of-flight MR angiogram shows duplicated distal basilar artery.
C, Autopsy probe points to the origin of the duplicated distal basilar artery. Note the thickened hypothalamus.

FIG 3. Images from the case of a 1-day-old female patient with craniofacial deformity (case 3).
A, Coronal view T1-weighted MR image shows duplicated pituitary gland (arrows).
B, Coronal view T2-weighted MR image shows duplicated basilar artery (arrows).
C, Axial view T2-weighted MR image shows each superior cerebellar artery (arrows) arising separately from the duplicated basilar artery.
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artery arose separately on each side from the split basi-
lar artery. The circle of Willis was otherwise normal.

Discussion

Duplication of the pituitary gland is a rare phenom-
enon, with only 13 cases reported up to January 1995
and five cases reported between that time and the
time of this writing (1–6). To a large extent, the
formation of the hypophysis depends on interaction
of the embryonic primordium with normal growth
processes and materials in the prechordal region of
the head. The prechordal plate and the rostral por-
tion of the notochord are closely related to the de-
velopment of the pituitary gland (7–12). Defects in
the prechordal plate have been proposed as the
pathogenetic mechanism of prosencephalic midline
abnormalities such as holoprosencephaly and agene-
sis of the corpus callosum (13). Faulty interaction
between the notochord, prechordal plate, and surface
ectoderm may result in various craniofacial abnor-

malities. Inference from these early embryonic rela-
tionships suggests that duplication of the tip of the
rostral end of the notochord plate or notochord may
act as the primary factor that leads to duplication of
the pituitary primordium, with resultant formation of
two morphologically normal glands. Relevant embry-
ologic development of the pituitary gland and patho-
genesis of pituitary duplication have been reviewed in
detail by Kollias et al (1).

Basilar Artery Embryology and Duplication
Branches of the internal carotid artery to the ad-

enophypophyseal primordium develop during stage
13 (28 days of gestation) and are the earliest arteries
to develop. With duplication of the hypophyseal pri-
mordium, anomalies at the circle of Willis could easily
occur. Burke et al (5), in 2000, described fusiform
dilation of the left A2 segment. Hori (14), in 1983,
and Tagliavini and Pilleri (15), in 1986, described
anomalies of the circle of Willis. However, anomalies

FIG 5. Images from the case of a 2-day-old female patient with suspected choanal atresia (case 5).
A, Sagittal view T1-weighted image shows characteristic tubomammillary fusion (asterisk).
B, Coronal view T1-weighted image shows the bright duplicated pituitary gland (arrows).
C, Source MR angiograms obtained through the vertebrobasilar system. Arrowhead indicates duplicated basilar artery. Short arrows

indicate superior cerebellar arteries arising from duplicated basilar artery. Long arrows indicate posterior cerebral artery.
D, Oblique view MR angiogram shows the superior cerebellar arteries (SCA) originating from the distal duplicated basilar artery. PCA,

posterior cerebral artery.
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of the basilar artery have not been reported previ-
ously in literature. In all five of our cases, distal
basilar artery duplication was observed. This was well
seen on routine MR images, particularly on coronal
T2-weighted images. In three cases, time-of-flight
MR angiograms were also available. At the 3- to
4-mm stage of the embryo, the primitive internal
carotid arteries develop as a cranial extension of the
paired dorsal aorta. Paired longitudinal neural arter-
ies appear along the hindbrain, and at the 5- to 8-mm
stage, they coalesce to form the basilar artery. At the
5- to 6-mm stage (29 days), the primitive posterior
communicating artery forms and rostrally connects
the primitive internal carotid artery with the paired
precursors of the basilar artery. These persistent fetal
arteries generally exist for 7 to 10 days and transiently
serve as the primary blood supply to the longitudinal
neural arteries. They disappear by the 14- to 15-mm
stage, at which time the vertebrobasilar system is fully
developed. Fusion of the embryonic longitudinal neu-
ral arteries into a single basilar artery occurs in cau-
docranial direction by approximately the 5th fetal
week (16). As reported in literature, segmental dupli-
cation of the basilar artery can occur as a result of
failure of fusion of the neural arteries and of regres-
sion of the bridging arteries that connect the longitu-
dinal arteries (17). The word fenestration refers to a
localized duplication of a vessel. Basilar artery fenes-
tration has a reported angiographic prevalence of
0.04% to 0.6%. However, postmortem studies have
reported a prevalence as high as 5.26% (18). This
usually involves the lower half of the vessel, probably
because of incomplete fusion of the embryonic longi-
tudinal neural arteries, which proceeds caudocrani-
ally. By conducting a literature search, we found one
case of partial duplication of the basilar artery in the
distal portion of the artery in a 54-year-old man who
was investigated angiographically for subarachnoid
hemorrhage. In that study of 75 fixed brains and 2086
vertebral angiograms, four cases of fenestrations/du-
plications were found, only one of which involved the
distal basilar artery (19).

In cases of pituitary duplication, we postulate that
segmental duplication of the basilar artery is related
to the split of the rostral end of the notochord. In our
cases, the basilar arteries showed segmental duplica-
tion in their distal portions, with separate origins of
the ipsilateral superior cerebellar artery and the pos-
terior cerebral artery from each duplicated vessel.
Reports presented in the literature suggest an in-
creased risk for aneurysm formation in cases of fen-
estration or duplication of the basilar artery. Patho-
logic studies have shown that fenestrations have a
structural similarity to bifurcations in major cerebral
vessels. Tissue sections cut longitudinally through the
fenestration have revealed an absence of the media at
the edge of the fenestration similar to arterial bifur-
cations in the brain (20). Also at these sites, the
subendothelium is aligned differently, which is prob-
ably a result of hemodynamic alterations in blood
flow (21). The media defect might be embryologically
ascribed to the persistence of the morphologic indi-

viduality of the tunica media of the two branches at
the point at which the fusion of the primitive longi-
tudinal neural arteries stopped. We postulate that
similar hemodynamic alterations with increased risk
of aneurysm formation have the potential of occur-
ring in our cases, which could justify further surveil-
lance. A case report of segmental duplication of the
basilar artery with thrombosis in a 43-year-old man
sites hemodynamic disturbances and turbulent flow as
the possible cause of thrombosis (22). In the excellent
review of pituitary duplications presented by Kollias
et al (1), 12 of 13 patients died immediately after
birth. Of our five patients, four are surviving. Hence,
we think that the finding of basilar artery duplications
associated with pituitary duplications is relevant.
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