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a b s t r a c t 

A carotid-cavernous fistula is a rare abnormal communication between carotid vascula- 

ture and the cavernous sinus. Development of a carotid-cavernous fistula often results from 

trauma, but may be spontaneous in the setting of predisposing risk factors. Suspicion for a 

spontaneous fistula is understandably low on routine non-contrast imaging. In this article, 

we present a case of a carotid-cavernous fistula initially presenting with the potentially un- 

derrecognized imaging manifestation of diffuse pituitary enlargement identified on a non- 

contrast CT, later revealed to be due to the presence of the fistula. 

© 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 

A carotid-cavernous fistula (CCF) is an abnormal communi-
cation between carotid vasculature and the venous plexus of
the cavernous sinus. Presenting symptoms may include pul-
satile exophthalmos, proptosis, progressive visual loss, pul-
satile tinnitus, and cranial nerve palsies. CCFs can be cate-
gorized as direct (communication between intracavernous in-
ternal carotid artery and cavernous sinus) or indirect (com-
munication via branches of the internal/external carotid cir-
culation) which have different etiologies. Aneurysm rupture,
trauma, and vasculopathies, such as collagen deficiency syn-
dromes and fibromuscular dysplasia, can result in or increase
the risk of developing a direct CCF. Noninvasive imaging with
CT angiography is the initial modality of choice for evalua-
tion of a suspected CCF. Imaging features supporting the diag-
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nosis of a CCF include an enlarged superior ophthalmic vein,
bulging cavernous sinus, and abnormally early enhancement
of the cavernous sinus [1] . 

We report a case of a CCF initially presenting with the atyp-
ical imaging manifestation of rapid pituitary enlargement due
to vascular congestion from the CCF, demonstrate the more
typical imaging features also present, discuss the vascular re-
lationship between the pituitary and cavernous sinus, and dis-
cuss the association of fibromuscular dysplasia and CCF. 

Case report 

A 62-year-old female presented with the gradual onset of a
severe left-sided headache and constant pulsatile tinnitus. A
non-contrast CT scan of the head was performed which was
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Fig. 1 – (A) Sagittal noncontrast CT of the head demonstrates a hyperattenuating pituitary gland with a superior convex 

margin (dashed circle). (B) Coronal T1 MRI sequence shows no mass effect of the enlarged pituitary gland on the optic 
chiasm (solid arrow). (C) Sagittal fat-suppressed T1 postcontrast MRI sequence demonstrates an enlarged anterior pituitary 

gland (solid arrow) and normal enhancement of the infundibulum (open arrow). (D) Coronal fat-suppressed T1 postcontrast 
MRI sequence reveals a region of heterogeneous enhancement in the left aspect of the anterior pituitary gland (solid arrow). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

negative for intracranial hemorrhage, but remarkable for a hy-
perattenuating pituitary gland with a convex superior margin
( Fig. 1 A). The symptoms and CT appearance of the pituitary
gland prompted further investigation with a pituitary proto-
col MRI. On the initial MRI, the enlarged pituitary gland ap-
proached, but did not exert mass effect upon the optic chiasm
( Fig. 1 B). The anterior pituitary gland demonstrated regional
heterogeneous enhancement without a discrete hypoenhanc-
ing lesion ( Fig. 1 D). The infundibulum was normal ( Fig. 1 C).
The patient was referred to endocrinology for workup of a sus-
pected pituitary macroadenoma. Hormone laboratories were
unrevealing. 
One month later, the patient developed right-sided ptosis,
diplopia, and acute onset of a right-sided headache. A non-
contrast head CT and CT angiogram of the head and neck
were obtained which demonstrated further enlargement of
the pituitary gland ( Fig. 2 A). The left superior and inferior
ophthalmic veins were enlarged ( Figs. 2 B and C) and there was
abnormal bulging and early enhancement of the cavernous
sinuses ( Fig. 2 C). Angiography of the neck was also remark-
able for a beaded appearance of both cervical internal carotid
arteries ( Fig. 2 D). Findings were interpreted as being highly
suspicious of a CCF and underlying fibromuscular dysplasia.
MRI brain confirmed progressive enlargement of the anterior
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Fig. 2 – (A) Sagittal noncontrast CT of the head reveals further enlargement of the pituitary gland with cranial extension into 

the suprasellar cistern (dashed circle). (B) Axial CT angiogram of the head shows an enlarged left superior ophthalmic vein 

(solid arrow). (C) Axial CT angiogram of the head demonstrates enlargement of the left inferior ophthalmic vein (solid 

straight arrow), enlargement and early enhancement of the cavernous sinuses (open arrows). Expected venous 
enhancement is demonstrated in the dural venous sinuses (curved arrow). (D) Coronal maximum intensity projection (MIP) 
of the CT angiogram of the neck reveals a beaded appearance of both cervical internal carotid arteries (solid arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pituitary gland which now contacted the undersurface of the
optic chiasm ( Fig. 3 A) and the proximal aspect of the optic
nerves. The pattern of enhancement was also noted to have
changed compared with the prior MRI ( Fig. 3 B), but no discrete
hypoenhancing lesion was identified. 

A conventional cerebral angiogram was performed reveal-
ing a high flow left CCF with venous drainage from both cav-
ernous sinuses to the superior and inferior ophthalmic veins,
left inferior petrosal sinus, bilateral pterygoid venous plexi,
and the left superficial middle cerebral vein ( Figs. 4 and 5 ). Ve-
nous coiling of the left cavernous sinus was performed. 
The patient developed complete palsy of the left 6th nerve
and near complete palsy of the left 3rd nerve after coil em-
bolization. These symptoms have gradually improved and
right-sided ptosis has resolved. 

Discussion 

Carotid-cavernous fistulas are rare arteriovenous shunts that
may be spontaneous or traumatic. Contents of the cavernous
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Fig. 3 – (A) 3D Sagittal CUBE T1 post-contrast MRI sequence shows enlargement of the pituitary gland which contacts the 
undersurface of the optic chiasm (solid arrow) and proximal aspect of the optic nerves (not shown). (B) Coronal 
fat-suppressed T1 postcontrast MRI sequence demonstrates a changed enhancement pattern compared with the prior MRI 
with linear regions of hypoenhancement (solid arrows), but no discrete lesion. 

Fig. 4 – (A) Sagittal digital subtraction cerebral angiogram of the left internal carotid artery demonstrating early opacification 

of the cavernous sinus (solid arrow) and the superior and inferior ophthalmic veins (open arrows). (B) Coronal digital 
subtraction cerebral angiogram of the left internal carotid artery shows early filling of both cavernous sinuses (solid straight 
arrow), both superior ophthalmic veins (open arrows), and the left inferior petrosal sinus (curved arrow). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sinus include the cavernous internal carotid artery, cranial
nerves III, IV, V1, V2, and VI. The presence of a fistula within
this anatomically rich space allows for a relatively predictable
pattern of clinical symptoms and imaging findings. Symp-
toms can include cranial nerve (III, IV, V1, V2, VI) palsies, pul-
satile exophthalmos, proptosis, progressive visual loss, and
pulsatile tinnitus. Common imaging manifestations of a CCF
can include an enlarged superior ophthalmic vein, bulging
cavernous sinus, and abnormally early enhancement of the
cavernous sinus [1] . While several of these typical clinical and
imaging features of a CCF were present in this case, the initial
presentation highlights a potentially underrecognized imag-
ing finding of diffuse pituitary enlargement in the setting of a
CCF. 

Detection of subtle diffuse pituitary enlargement can be
challenging given its variable physiologic appearance. Imag-
ing evaluation of the pituitary gland should include correla-
tion with patient demographics as normal pituitary size varies
with age, gender, and pregnancy status [ 2 ,3 ]. On average, pi-
tuitary height in females is greater than that of age-matched
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Fig. 5 – (A) Axial selective CT angiogram of the left internal carotid artery demonstrates early opacification of the left 
superficial middle cerebral vein (solid arrow). The presumed location of the CCF fistula is also found on this image (open 

arrow). (B) Axial selective CTA of the left internal carotid artery demonstrates early opacification of both pterygoid venous 
plexi (solid arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

males with pituitary height peaking in the third decade [2] .
The prevalence of an upward convex margin is also greater
in patients younger than age fifty [4] . Deviations from the ex-
pected pituitary morphology for age and gender, as in our
case, should therefore merit further investigation if detected
on routine CT or MRI. Beyond physiologic etiologies, the differ-
ential diagnosis for diffuse pituitary enlargement is broad and
includes hypothyroidism [5] , Addison disease [6] , and neu-
roendocrine tumors [7] . Medications such as gonadotropin re-
leasing hormone (GnRH) analogs and antipsychotics have also
been implicated in pituitary hyperplasia [7] . 

This unique case demonstrated not only atypical pituitary
morphology for the patient’s demographics, but more impor-
tantly, rapid enlargement over 1-month period without a dis-
crete lesion detected by MRI. The unexplained diffuse pitu-
itary enlargement was only elucidated after the CTA of the
head was obtained which demonstrated several imaging find-
ings suspicious for a CCF. Pituitary enlargement in the setting
of a CCF may occur as the cavernous sinus contains a venous
plexus draining the anterior and posterior pituitary gland [8] .
Abnormally high flow and pressure through the cavernous si-
nus may then impair normal venous drainage from the pi-
tuitary gland leading to enlargement [9] . Understanding this
vascular relationship is important to prevent misdiagnosing
pituitary pathology. 

The CTA neck was also remarkable for a “string of beads”
appearance of the cervical internal carotid arteries suggesting
underlying fibromuscular dysplasia [10] , an established risk
factor for the development of a spontaneous CCF. This vas-
culopathy, affecting small and medium-sized arteries, can be
complicated by dissection, aneurysms, thromboembolism re-
lating to aneurysms, and arteriovenous fistulas [11] . Intracra-
nial involvement of fibromuscular dysplasia can lead to sub-
arachnoid hemorrhage from aneurysm rupture or dissection.
If intracavernous, aneurysm rupture can result in a CCF [ 12 ,13 ]
and the culprit microaneurysm may be angiographically
occult [13] . 
As demonstrated by this case, nonspecific symptoms such
as headache and tinnitus can pose a diagnostic challenge. The
atypical, potentially underrecognized, imaging manifestation
of rapid diffuse pituitary enlargement may occur in the set-
ting of a CCF and should prompt further diagnostic workup
if identified on routine CT or MRI. Using all imaging clues and
recall of the vascular relationship of the pituitary with the cav-
ernous sinus was of utmost importance in determining a uni-
fying diagnosis in this case rather than considering the rapid
enlargement of the pituitary as separate pathology. 

Patient consent 

Informed consent was obtained from the patient for publica-
tion of their case. 

R E F E R E N C E S  

[1] Lee J, Jung C, Ihn Y, Kim D, Seong S, Kwon B. Multidetector CT
angiography in the diagnosis and classification of 
carotid-cavernous fistula. Clin Radiol 2016;71(1):e64–71. 
doi: 10.1016/j.crad.2015.10.018 .

[2] Tsunoda A , Okuda O , Sato K . MR height of the pituitary gland
as a function of age and sex: especially physiological 
hypertrophy in adolescence and in climacterium. Am J 
Neuroradiol 1997;18(3):551–4 .

[3] Elster AD, Sanders TG, Vines FS, Chen MY. Size and shape of 
the pituitary gland during pregnancy and postpartum: 
measurement with MR imaging. Radiology 
1991;181(2):531–5. doi: 10.1148/radiology.181.2.1924800 .

[4] Doraiswamy PM , Potts JM , Axelson DA , Husain MM , Lurie SN ,
Na C , et al. MR assessment of pituitary gland morphology in 

healthy volunteers: age- and gender-related differences. 
AJNR Am J Neuroradiol 1992;13(5):1295–9 .

https://doi.org/10.1016/j.crad.2015.10.018
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0002
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0002
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0002
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0002
https://doi.org/10.1148/radiology.181.2.1924800
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0004


790 R a d i o l o g y  C a s e  R e p o r t s  1 9  ( 2 0 2 4 )  7 8 5 – 7 9 0  
[5] Shivaprasad KS, Siddardha K. Pituitary hyperplasia from 

primary hypothyroidism. N Engl J Med 2019;380(8):e9. 
doi: 10.1056/NEJMicm1805378 .

[6] Zhou J, Ruan L, Li H, Wang Q, Zheng F, Wu F. Addison’s 
disease with pituitary hyperplasia: a case report and review 

of the literature. Endocrine 2009;35(3):285–9. 
doi: 10.1007/s12020- 009- 9179- x .

[7] De Sousa SM, Earls P, McCormack AI. Pituitary hyperplasia: 
case series and literature review of an under-recognised and 

heterogeneous condition. Endocrinol, Diab Metab Case Rep 

2015;2015:150017. doi: 10.1530/EDM- 15- 0017 .
[8] Sato N, Putman CM, Chaloupka JC, Glenn BJ, Vinuela F, Sze G. 

Pituitary gland enlargement secondary to dural 
arteriovenous fistula in the cavernous sinus: appearance at 
MR imaging. Radiology 1997;203(1):263–7. 
doi: 10.1148/radiology.203.1.9122405 .

[9] Liberatore A, Lechan RM. Bilateral carotid-cavernous fistulas: 
an uncommon cause of pituitary enlargement and 
hypopituitarism. Case Rep Endocrinol 2016;2016:6364203. 
doi: 10.1155/2016/6364203 .

[10] Lassiter FD . The string-of-beads sign. Radiology 
1998;206(2):437–8 .

[11] Varennes L, Tahon F, Kastler A, Grand S, Thony F, Baguet JP, 
et al. Fibromuscular dysplasia: what the radiologist should 

know: a pictorial review. Insights Imaging 2015;6(3):295–307. 
doi: 10.1007/s13244- 015- 0382- 4 .

[12] Zimmerman R, Leeds NE, Naidich TP. Carotid-cavernous 
fistula associated with intracranial fibromuscular dysplasia. 
Radiology 1977;122(3):725–6. doi: 10.1148/122.3.725 .

[13] Bellot J, Gherardi R, Poirier J, Lacour P, Debrun G, Barbizet J. 
Fibromuscular dysplasia of cervico-cephalic arteries with 

multiple dissections and a carotid-cavernous fistula. A 

pathological study. Stroke 1985;16(2):255–61. 
doi: 10.1161/01.STR.16.2.255 .

https://doi.org/10.1056/NEJMicm1805378
https://doi.org/10.1007/s12020-009-9179-x
https://doi.org/10.1530/EDM-15-0017
https://doi.org/10.1148/radiology.203.1.9122405
https://doi.org/10.1155/2016/6364203
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0010
http://refhub.elsevier.com/S1930-0433(23)00836-1/sbref0010
https://doi.org/10.1007/s13244-015-0382-4
https://doi.org/10.1148/122.3.725
https://doi.org/10.1161/01.STR.16.2.255

	Pituitary enlargement in a carotid-cavernous fistula: An atypical imaging manifestation
	 Introduction
	 Case report
	 Discussion
	 Patient consent
	 References


