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Importance of Magnetic Resonance Imaging

in Pituitary Stalk Interruption Syndrome
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Abstract

Objective: To evaluate the importance of magnetic reso-
nance imaging in the treatment and follow-up of patients
with pituitary stalk interruption syndrome. Material and
Methods: The study included patients who were admitted
to the Endocrinology and Metabolism Clinic of our hospital
from 2009 to 2013. Pituitary functions, growth and deve-
lopment curves, and magnetic resonance imaging findings
of the patients were evaluated during the follow-up period.
Results: The study included three men and two women.
Four patients had multiple pituitary hormone deficiency. All
cases were diagnosed with short stature with respect to
their chronological age. Four patients were diagnosed with
pituitary stalk interruption syndrome in their childhood. Iso-
lated growth hormone deficiency was observed only in one
patient. Conclusion: Pituitary insufficiency should be con-
sidered when evaluating pituitary stalk interruption
syndrome. The presence of pituitary stalk and the change in
the size of the anterior pituitary gland are crucial magnetic
resonance imaging findings in monitoring pituitary functi-
ons. In addition, evaluating the size of the pituitary gland
may allow early detection of pituitary insufficiency in adult
patients with pituitary stalk interruption syndrome.

Keywords: Hypopituitarism; ectopic neurohypophysis;
isolated growth hormone deficiency;
magnetic resonance imaging; short stature;
pituitary stalk interruption syndrome

Pituitary insufficiency occurs because of iso-
lated or multiple anterior pituitary hormone
deficiency (MPHD). The diagnosis of pitu-
itary insufficiency is based on clinical fea-
tures including growth retardation, central

Ozet

Amag: Hipofiz sapi kesinti sendromu hastalarinin takip ve
tedavisinde manyetik rezonans goériintilemenin 6nemini de-
Jerlendirmektir. Gereg ve Yontemler: Calisma grubumuz,
2009-2013 yillar arasinda endokrinoloji ve metabolizma
hastaliklari poliklinigimize basvuran hastalardan olusmak-
tadir. Hasta takibinde hipofiz fonksiyonlari, bliyime ve ge-
lisme egrileri ve manyetik rezonans gérintileme bulgulari
dederlendirmeye alindi. Bulgular: Calisma grubumuz (g
erkek ve iki kadin hastadan olusmaktadir. Dort hastamizda
coklu hipofizer hormon yetmezligi saptandi. Hastalarimizin
hepsi kronolojik yaslarina gére kisa boylu olmalari nedeni
ile degerlendirilirken tani konuldu. D6rt hastamiza gocuk yas
grubunda tani konulmustu. Sadece bir hastada izole bu-
yime hormon eksikligi mevcuttu. Sonug: Hipofiz sapi ke-
sinti sendromlu olgulari degerlendirirken hipofiz yetmezligi
dikkate alinmalidir. Manyetik rezonans gértintilemede hipo-
fiz sapinin varligi ve 6n hipofiz bezinin biyukluginin zaman
icinde degisimi, hipofiz bezinin fonksiyonlarinin takibinde
onemlidir. Ayrica, hipofiz sapi kesinti sendromlu erigkin yas-
taki hastalarda, hipofiz bezinin blyukliginin dederlendi-
rilmesi, hipofiz yetmezliginin erken tanisina olanak saglaya-
bilmektedir.

Anahtar kelimeler: Hipofiz yetmezligi; ektopik nérohipofiz;
izole buyime hormon yetmezligi;
manyetik rezonans gorintileme;
boy kisaligi; hipofiz sapi kesinti sendromu

hypothyroidism, or delay of secondary sex-
ual characteristics. One of the rare causes
of pituitary insufficiency is pituitary stalk in-
terruption syndrome (PSIS). Although the
etiology of PSIS remains unclear, organo-
genesis defects caused by a traumatic birth
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and by genetic and environmental factors
are supposed to play a role (1-4). The clini-
cal features and magnetic resonance imag-
ing (MRI) findings of PSIS have been known
for a long time. The characteristics of MRI
findings in PSIS include a decrease in the
size of the anterior pituitary gland, increase
in or disappearance of the signal in the ec-
topic location of the neurohypophysis, hy-
poplasia, or absence of the pituitary stalk
(5-8). This study aimed to investigate the
importance of MRI in the treatment and fol-
low-up of patients with PSIS.

This study included patients with PSIS who
were admitted to the Endocrinology and Me-
tabolism Clinic of our hospital from 2009 to
2013. In addition, this is a retrospective
clinical observation study; therefore, no
ethics committee approval was obtained.
But, this study was carried out adherence to
guidance for ethics review of health-related
research with human participants of the
WHO (2011), and the Declaration of Helsinki
of the World Medical Association (2013). The
hormonal levels having a role in the growth
and development processes and MRI find-
ings were evaluated. Growth hormone (GH)
deficiency was demonstrated with at least
two growth hormone stimulation tests (with
insulin, clonidine, or L-dopa). Cortisol defi-
ciency was determined on the basis of the
measurement of cortisol level in the same
tests or the measurements of baseline
plasma adrenocorticotropic hormone (ACTH)
and cortisol levels, which were performed in
the morning (at 08:00 am). A low-dose
ACTH stimulation test was performed in re-
quired cases. Thyroid hormone deficiency
was determined on the basis of low serum-
free thyroxine level that was incompatible
with the thyroid-stimulating hormone level
(<5 pU/mL). Gonadal insufficiency was de-
termined by measuring estradiol and testos-
terone in relation to follicle-stimulating
hormone and luteinizing hormone.

During childhood and adolescence, the diag-
nosis of GH insufficiency is based on the fol-
lowing criteria (9): 1) height of a child being
less than 2 standard deviation (SD) or 3
percentile as compared with a healthy chil-
dren; 2) annual growth rate of less than 7
cm/year (for those less than three years), of
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less than 5 cm/year (from three years to pu-
berty), and of less than 6 cm/year (for pu-
berty); 3) child-like facial appearance and
small and short symmetrical body structure;
4) normal intelligence; 5) backbone age rel-
ative to chronological age; and 6) the
plasma level of GH being less than 6 ug/L in
at least two GH stimulation tests and the
plasma level of insulin-like growth factor 1
(IGF-1) being lower than the normal range
according to age and gender. In adult pa-
tients, the diagnosis of GH deficiency was
based on the plasma level of GH (less than
3 pg/L) in insulin tolerance test and IGF-1
being lower than the normal range accord-
ing to age and gender (10).

All patients were scanned in the supine po-
sition using 3 Tesla MRI systems with a head
coil. The images were obtained in the sagit-
tal and coronal planes using T1, T2 and
sagittal fat-suppressed T1 sequences, coro-
nal planar dynamic imaging, and postcon-
trast T1 sagittal and coronal planes. The
cross-sectional thicknesses were 1 mm in
dynamic images and 3 mm in other se-
quences. The assessments of the images
were performed by the same neuroradiolo-
gist. The anterior pituitary gland, pituitary
stalk size, and location of the neurohypoph-
ysis, as well as the presence and localization
of accompanying malformations, were as-
sessed. Normal height of the pituitary gland
was accepted as 6 mm (upper surface plain
or slightly concave) for patients less than 12
years of age, 10 mm for patients in puberty
(upper surface convex, more convex in
girls), 9 mm for women and 8 mm for men
in young adulthood, and 12 mm for women
in gestation (11). Hypoplastic pituitary gland
could be described as a half-moon-shaped
gland observed on the sella with a maximum
measurable height of 2 mm. Radiological
empty sella was defined in cases for which
the pituitary gland was not visible but the
cerebrospinal fluid cavity invaded the sella.

This study included five patients with PSIS:
Case 1: an 18-year-old man diagnosed with
MPHD while being examined for short
stature; Case 2: an 18-year-old man diag-
nosed with MPHD while being examined be-
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cause of short stature at the age of eight
years; Case 3: a 27-year-old woman diag-
nosed with MPHD as a result of the evalua-
tion after primary amenorrhea; Case 4: a
19-year old woman diagnosed with isolated
growth hormone deficiency (IGHD) while
being examined because of short stature at
the age of ten years; and Case 5: a man di-
agnosed with hypogonadism and short
stature at the age of 35 years. Therefore,
patients were diagnosed with short stature
with respect to their chronological age.
MPHD was observed in our four patients, ex-
cept for Case 4. The features of the patients
are presented in Table 1. One case of IGHD
and three cases of MPHD were diagnosed
during childhood. MRI findings of the pa-
tients according to the type of their hormone

Case Number Age Sex
Case 1 18 Male
Case 2 18 Male
Case 3 27 Female
Case 4 19 Female
Case 5 35 Male
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deficiency are presented in Table 2. Accord-
ingly, midline defect was observed only in
one patient with MPHD. Ectopic neurohy-
pophysis was present in all patients. Adeno-
hypophysis size was normal from the
childhood of the patient with IGHD. In addi-
tion, there was a thin stalk in the same pa-
tient (Table 3).

In all patients, the neurohypophysis was de-
tected in an ectopic location. In addition, it
was localized in the hypothalamus or its sur-
roundings in Cases 1, 2, and 3 (Figure 1,
Figure 2, Figure 3). Moreover, it was in the
pituitary stalk in Case 4 (Figure 4) and was
localized in the surrounding of the hypothal-
amus in Case 5 (Figure 5). In most of our
cases, the height of adenohypophysis was
considerably decreased. Adenohypophysis

Hormone deficiency
GH, FSH, LH, ACTH, TSH
GH, FSH, LH, ACTH, TSH
GH, FSH, LH, ACTH, TSH
GH

GH, FSH, LH, ACTH, TSH

GH: Growth hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; ACTH: Adrenocorticotropic hormone; TSH:

Thyroid stimulating hormone.

IGHD

Hypoplastic pituitary gland 0
Absent stalk 0
Thin stalk 1
EPPBS (median eminence) 0
EPPBS (stalk) 1
Midline brain anomalies 0

MPHD

= o A O D

IGHD: Isolated growth hormone deficiency; MPHD: Multiple pituitary hormone deficiencies; EPPBS: Ectopic posterior pituitary bright

spot.

IGHD (n=1)
Adenchypophysis size Normal
Visualization of a thin stalk Yes
EPPBS (Median eminence) Normal
EPPBS (stalk) Yes

MPHD (children) (n=3)

MPHD (adult) (n=1)

Small Small
No No
Yes Yes
No No



Gulrkan et al. Turk J Endocrinol Metab
80
Importance of MRI in PSIS 2019;23:77-84

Figure 1: a) Coronal post-contrast T1 section, b) sagittal fat-suppressed T1 section. Hyperintensity of the neu-
rohypophysis is observed in the vicinity of the ectopically located hypothalamus. Sella has not developed, the he-
ight of the adenohypophysis has markedly decreased, and the pituitary stalk is not visible. Cerebellar tonsils are
ectopic and the Arnold-Chiari type 1 malformation is observed (Case 1).

Figure 2: a) Coronal post-contrast T1 section, b) Sagittal fat-suppressed T1 section. Pituitary stalk does not ap-
pear in the coronal section. Neurohypophysis hyperintense signal is observed in the vicinity of the hypothalamus in
sagittal section. The height of adenohypophysis is observed to be decreased in both sections (Case 2).

Figure 3: a) Coronal post-contrast T1 section, b) Sagittal fat-suppressed T1 section. The pituitary gland is not vi-
sible in coronal section. Neurohypophysis is ectopically located in the vicinity of the hypothalamus in the sagittal
section (Case 3).

Figure 4: a) Coronal post-contrast T1 section, b) Sagittal fat-suppressed T1 section. The neurohypophyseal hype-
rintense signal is observed to be ectopic and located posterior to the pituitary stalk in the sagittal section. In addi-
tion, the pituitary stalk is observed to be long and thin in the coronal section (Case 4).
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Figure 5: a) Coronal post-contrast T1 section, b) sagittal fat-suppressed T1 section. The height of the adenohy-
pophysis has decreased extremely and the neurohypophyseal hyperintensity signal can be observed in the ectopic
location adjacent to the hypothalamus in sagittal section. Pituitary stalk is observed to have interrupted in coronal

section (Case 5).

was not observed only in Case 3 (Figure 3),
and it was normal in size in Case 4 (Figure
4). Pituitary stalk was not observed in pa-
tients with MPHD (Figure 1, Figure 2, Figure
3 and Figure 5). Long and thin pituitary stalk
was noted in the patient with IGHD (Figure
4). Moreover, in Case 1, cerebellar tonsils
were ectopic and Arnold-Chiari type 1 mal-
formation was observed (Figure 1).

The pituitary gland originates from different
embryonic structures and comprises adeno-
hypophysis and neurohypophysis (12). Fac-
tors such as genetic defects, pituitary stalk
injury, and perinatal trauma may lead to an
incomplete downward migration of neurohy-
pophysis which in turn results in infusion de-
fects (13). Several hypotheses have been
proposed to explain PSIS. The first hypoth-
esis is exposure of the pituitary stalk to is-
chemia during breech (14). In this study,
four of five patients were born by breech.
However, the lack of hypoxic damage to the
organs and the structures having the same
vascular support, as well as the lack of
pathological evidence, weakens the first hy-
pothesis. Second, head trauma during
breech delivery may cause mechanical rup-
ture of the pituitary stalk and stretching of
the pituitary stalk, pituitary gland, and mo-
bile brain structures. This hypothesis seems
to be widely accepted because of the certain
incidence of breech delivery in the published
studies. Most of these study groups have no
genetic analysis. In addition, MPHD devel-
ops in patients with breech presentation
who were delivered via cesarean section
(15); this also weakens the second hypoth-

esis. The third hypothesis, on which a con-
sensus has been most commonly reached,
is congenital hypoplasia or dysplasia be-
cause of genetic or organogenesis defects of
the pituitary gland and resulting pituitary in-
sufficiency (2,15).

In the study by Bar et al. (16), severe hor-
monal abnormalities and radiological findings
were reported in the PSIS cases diagnosed
during the neonatal period. In addition, they
have reported MPHD at a rate of 100% and a
nonvisible anterior pituitary lobe at a rate of
33% in this group. In this study, MPHD was
present in four of five childhood cases. PSIS is
associated with several midline malforma-
tions such as septal agenesis, partial corpus
callosum agenesis, aqueductal stenosis, optic
nerve hypoplasia, and the Arnold-Chiari type
1 malformation. The presence of extra-pitu-
itary malformations is not associated with
more severe hormonal and radiological char-
acteristics (16, 17). In this study, the patient
with Arnold-Chiari type 1 malformation was
consistent with the literature.

In a study on the relationship between pitu-
itary gland visibility and pituitary hormone
deficiency, 74 patients with PSIS in whom the
most common presenting symptoms were
short stature and absence of pubertal devel-
opment were evaluated and panhypopitu-
itarism was reported to be considerably more
common in those with an invisible pituitary
stalk (18). Accordingly, it has been suggested
that invisible pituitary stalk on contrast-en-
hanced pituitary MRI may be an indicator of
clinical severity in PSIS (18-20). The absence
of the pituitary stalk in our case series was
the most crucial indicator for MPHD. This
finding was consistent with those reported in
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the previous studies. Maghnie et al. (21) and
Genovese et al. (22) emphasized the impor-
tance of contrast injection to obtain an opti-
mal image of a thin pituitary stalk. They
observed that the pituitary stalk could be
overlooked with the use of unenhanced pitu-
itary MRI. In cases of isolated pituitary hor-
mone deficiency (IPHD), the visualization of
the stalk in contrast-enhanced images is con-
sidered a sign of partial preservation of the
hypothalamo-hypophyseal portal blood (23).
In our IGHD case, the integrity of the pitu-
itary stalk was observed to be preserved.

In addition to the clinical findings related to
the absence of the pituitary stalk, thinning
of the pituitary stalk demonstrates disease
progression from IPHD to MPHD and the an-
terior pituitary function is associated with
the changes in the size of the anterior pitu-
itary gland. These may allow early detection
of hormone deficiency, particularly during
puberty (17, 24). In this study, PSIS diag-
nosis was established in adulthood in Case
5, and all these radiological findings were
demonstrated in this case.
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In a large series of PSIS, clinical and hor-
monal features and neuroradiological ap-
pearances, as well as PIT1, PROP1, HESX1,
LHX3/LHX4, PROKR, TGIF, OTX2, and SOX3
mutations, which were thought to affect
these characteristics, were investigated.
LHX4 and HESX1 mutations were detected
in a group with familial or consanguineous
marriage. The possible genetic variants may
occur during early embryogenesis and are
demonstrated in Figure 6 (25, 26).

In a study conducted to demonstrate an un-
derlying genetic etiology in PSIS, GPR161
mutations were detected in the mutation
analysis of two affected siblings and one un-
affected sibling in a consanguineous family.
HESX1, LHX4, OTX2, SOX3, and PROKR2
mutations were detected in approximately
5% of patients with PSIS (27). The multi-
genic pattern was found in PSIS using
whole-exome sequencing technique (28).
According to our opinion, PSIS has multi-
genic etiology. The evidence is needed to
show the functional significance of the genes
mentioned in the published studies.

Patient Characteristics
Deficiency
GH,TSH,PRL  GH, TSH, PRL GH GH, TSH,PRL GH,TSH,PRL  GH, TSH, PRL GH, TSH, PRL GH, TSH, PRL
LH, FSH LH, FSH LH, FSH LH, FSH LH, FSH *LH, FSH LH, FSH
+ ACTH, ACTH ACTH t ACTH ACTH + ACTH
Adeno- l l l A v . ; 1 . I ) 1 o
hypophysis  Hypoplasti Hypoplasti Hypoplasti Hypoplasti Hypor or ypo- or ypo- or ypo- or ypoplastic
Siuys Normal Hyperplastic  Hyperplastic,  hyp or Normal
l or Normal or Normal or Normal
| l | ‘ !
Neuro- Ectopic Eutopic or Eutopic Eutopic or Eutopic or Eutopic or Eutopic Eutopic Eutopic
hypophysis Ectopic Ectopic Ectopic Ectopic
Location
Associated Holo- Corpus callosum, Corpus callosum, + Mental Septo-optic Chiari Rigid Neck, None None
Syndromic  Pr phaly  Hippocamp and Eye Retardation Dysplasia Matformation Neurosensory
Features Clett lip, and Eye Malformations, Retina, Hearing Deficit
central incisor, i H; Coloboma,
Polydactyly Clinodactyly ~ Hearing Deficit, Polydactyty
Esophogeal Atresia
Candidate
Gene GLI2 0oTX2 SOX2 SOX3 HESX1 LHX4 LHX3 PROP1 POU1F1

Figure 6: A guide for planning genetic screening for hypopituitary patients based on clinical findings (26).
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One of the main limitations of this study is
the lack of genetic evaluation. Another limi-
tation is the small sample size. However, our
rare group of patients with PSIS is interest-
ing as they have different findings.

PSIS is rare but a crucial syndrome because
of its clinical outcomes. MRI findings will
continue to assist in the diagnosis and fol-
low-up of patients with PSIS until the func-
tional significance of the genes that have
been detected is understood. Therefore, pi-
tuitary insufficiency should be considered
when evaluating patients with PSIS. When
the MRI findings are consistent with PSIS,
the presence of pituitary stalk and change in
the size of the anterior pituitary gland are
accepted, as crucial imaging findings reflect
the pituitary gland function. Evaluating the
size of the pituitary gland may provide early
detection of anterior pituitary hormone defi-
ciency in adult patients with PSIS.
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