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Abstract

Cranial irradiation may lead to accelerated atherosclerotic changes
to small or medium sized arteries, but stroke associated with pituitary
irradiation is not frequent. A patient treated with Gamma Knife radio-
surgery (GKRS) for a pituitary adenoma suffered a cerebral infarction
with internal carotid artery occlusion 4 years after radiosurgery. The pa-
tient was a 35-year-old male presenting with a visual disturbance. En-
docrinological tests were normal. MRI revealed a 4.3 by 4.3 cm dia-
meter invasive macroadenoma of the pituitary, projecting toward the
suprasellar region and with cavernous sinus involvement with encase-
ment of both internal carotid arteries (ICAs). GKRS was performed for
residual tumor after a transcranial resection. The maximum dose was
40 Gy and the dose to the right carotid artery was below 20 Gy. The de-
layed hemiparesis was accompanied by a right capsular lacunar infarct
shown on MRI. The images also showed a marked reduction in tumor
size. Total, right ICA occlusion was confirmed by Doppler ultrasound.
The patient had no history or signs of heart disease or metabolic disor-
der which could predispose to cerebrovascular complications. His
hemiparesis and facial palsy recovered completely with conservative
management. It is suggested that the possibility of carotid artery da-
mage is considered during dose planning for pituitary adenomas.
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Introduction

Pituitary insufficiency, visual dysfunction, dysfunction of the cranial
nerves in the cavernous sinus, and vascular complications occasionally fol-
low irradiation of pituitary tumors [1].

Despite numerous publications on radiation-induced acute vascular
changes, delayed effects have not been well studied. Cerebrovascular acci-
dents with intracranial artery occlusion after conventional radiation therapy
have been reported in about 4.7-7.2% of cases [2, 3]. However, there is no
literature about this complication after radiosurgery for the treatment of pi-
tuitary adenomas.

We report a case of cerebral infarction with internal carotid artery oc-
clusion following Gamma Knife radiosurgery (GKRS) for a residual post-
operative invasive macroadenoma.

Case Report

A 35-year-old male patient was admitted following a six-month history of visual dis-
turbance. Neurological examination revealed a left homonymous hemianopsia and de-
creased visual acuity. MRI showed a 4.3x4.3 cm pituitary mass projecting towards the
suprasellar region with encasement of both internal carotid arteries (fig. 1). The endocrino-
logical findings were within the normal range. A subfrontal craniotomy with subtotal tu-
mor removal was performed. The histological diagnosis was pituitary adenoma. After op-
eration, the visual disturbance was markedly improved. Six months later, he was treated
with GKRS for the residual tumor (fig. 2). The tumor volume was 8.3 cm®. Dose planning
was performed using axial and coronal T1-weighted enhanced images. The margin dose
was 12 Gy at the 50% isodose. Four 8 mm collimators and four 14 mm collimators were
used. The dose to the carotid artery was less than 20 Gy.

Four years after GKRS, he was hospitalized due to the sudden development of a left
hemiparesis and left facial palsy. MRI revealed a small lacunar infarction in the right inter-
nal capsular area and right internal carotid artery (ICA) occlusion in the cavernous sinus
(fig. 3a and b). Complete occlusion of the right ICA was confirmed on carotid vascular
Doppler ultrasound (fig. 4). This patient had never suffered from diabetes mellitus or hyper-
tension. His blood pressure was normal and the serum cholesterol level was 171 mg/dl. He
had no abnormal findings on echocardiography or on 24-hour Holter monitoring. He was
managed with conservative treatment and the neurological deficits recovered completely.

Discussion

Therapeutic options for pituitary adenomas have widened. Management
by medical treatment, surgery, or radiotherapy is possible [4, 5], and treatment
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Fig. 1. Preoperative Gd-DTPA enhanced sagittal and coronal MRI scan showing a pitui-
tary macroadenoma with infra-suprasellar extension which invaded to both cavernous si-

nuses.
Fig. 2. Gd-DTPA enhanced sagittal and coronal MRI scans, six months after operation,
showing subtotal removal of tumor mass. Both internal carotid artery are patent. Gamma
Knife was performed at this time.

success depends on various factors, including tumor size, invasiveness, localiza-
tion, direction of growth and hormonal activity. Better surgical results with pi-
tuitary adenomas have been obtained with improving microsurgical techni-
ques. Even so, in most cases of nonfunctioning adenomas, total surgical
resection is often impossible due to their large size and the invasion into sur-
rounding structures. Patients treated with surgery alone have been documen-
ted to have recurrence rates ranging from 21% to 86% [6-9]. Conventional
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Fig. 3. a Four years after radiosurgery follow-up sagittal and coronal MRI scans show
markedly reduced tumor size and loss of flow-void signal at the right internal carotid ar-
tery. b T1 and T2 transaxial MRI scans reveal lacunar infarction at the right internal cap-
sular area (arrow).

radiotherapy has long been used postoperatively for residual tumor or in case
of recurrence. Those series of patients where postoperative radiation therapy
was used generally report a local tumor control rate of 85-90% at 10 years and
a reduced recurrence rate [6, 10-15]. However, the major drawback of post-
operative conventional radiation therapy is a high complication rate, including
panhypopituitarism and visual disturbances. Cerebral stroke is one of the com-
plications reported after radiation treatment for pituitary adenomas [2, 3].
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Fig. 4. Carotid vascular Doppler ultrasound. a Complete occlusion of right proximal inter-
nal carotid artery with no flow wave. b Normal left internal carotid artery.
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Radiosurgery as an effective and safe adjuvant postoperative treatment
modality has been performed in many institutions recently. Few complica-
tions are reported after radiosurgery for pituitary adenomas relative to con-
ventional radiation therapy. In some series, complications such as pituitary
insufficiency and visual disturbance occurred in 1-2% of cases [16, 17].

Accelerated atherosclerosis is a well-recognized complication of irradia-
tion [18]. Small-vessel changes include fibrinoid necrosis, endothelial damage,
adventitial fibrosis, and perivascular infiltrates of lymphocytes [19]. Medium
and large-vessel changes include atherosclerotic changes, such as plaques, cal-
cification, fragmentation of the internal elastic lamina, fibrosis of the vessel
wall, and fat laden macrophages [20]. Small arteries of the vasa vasorum be-
come fibrotic and may contribute to the atherosclerotic changes of large ves-
sels. The atherosclerotic process may progress to total occlusion and, if the
carotid arteries are involved, a picture of moyamoya disease [19, 20].

Zawadzki et al. [21] classified the angiographic findings of post-radia-
tion arterial occlusion into 3 groups as follows:

(1) Stenosis or occlusion of the internal carotid artery and/or its

branches,

(2) Proximal occlusion of the internal carotid artery associated with
Moyamoya disease, characterized by an irregular vascular network
and leptomeningeal, transdural anastomoses,

(3) Diffuse cerebral arteritis.

There are various factors related to the occurrence of cerebral stroke
after irradiation of pituitary adenomas. According to Silverberg et al. [22],
hypercholesterolemia, hyperlipidemia and old age are definitely related to
the risk of stroke. However, radiation technique, radiation fraction and ra-
diation duration in conventional radiation treatment are not related, and
the role of radiation dose is unproven. Rajakulasingam et al. [23] suggested
that the age of patients at the time of radiation therapy might be one of the
most relevant factors for the development of arterial occlusion. These
authors suggested that the wall of the truncal artery of infants and younger
children might be more vulnerable to the radiation effect than the adult ar-
tery. In reviewing a series of patients receiving radiation therapy for non-
functioning adenomas of the pituitary gland at the University of Pittsburgh,
a number of cases were found to suffer subsequent cerebral infarctions. It
was suggested that radiation therapy would not be expected to be related to
the development of a subsequent stroke in adults [3]. These authors also re-
viewed previously reported cases of intracranial arterial occlusion after
radiotherapy and were unable to find a clear correlation between this com-
plication and radiation dose [3, 24]. In reviewing 156 patients irradiated for
pituitary adenomas, Flickinger et al. [3] found that seven suffered strokes.
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The occurrence of these strokes was delayed 3.2-14.6 years after irradiation.
Multivariate analysis found that the risk of stroke was related to age but not
to the dose of radiation. There was no significant difference in stroke inci-
dence between the irradiated group and a non-irradiated control population.
Hashimoto et al. [2] reported the long-term follow-up of 139 patients with
pituitary tumors who received radiation therapy. Strokes developed in ten
after they received doses that varied between 50 and 60 Gy (mean 56.4 Gy),
and brain necrosis developed in three. This complication could reasonably
be expected to be related in some way to the radiation dose.

Darmody et al. [25] reported the occurrence of stroke in patients trea-
ted with more than 105 Gy, and there was large vessel occlusion with dose
of 35.6 Gy in Bowen’s series [1]. Although most reported cases received ir-
radiation doses of at least 40 Gy, carotid damage has been reported with
doses as low as 10 Gy in Murros’ series [19]. The possibility remains that
patients treated to higher radiation doses may be at a higher risk for the
subsequent development of cerebral infarction. Even so, the dose given to
the carotid artery with currently used GKRS dose for pituitary adenomas
seems inadequate to produce clinically relevant arterial damage.

No case of cerebral stroke due to carotid artery occlusion following
radiosurgery for a pituitary adenoma had previously been documented.
Nonetheless, various complications after radiosurgery for pituitary adeno-
mas have been reported in many series since 1990 [16, 17, 26-28]. Predispos-
ing factors such as diabetes mellitus, hypertension, heart diseases, hypercho-
lesterolemia or hyperlipidemia to induce stroke were not found in this case,
and carotid stenosis is very rare in oriental people compared with occiden-
tals. The occurrence of cerebral stroke should be considered as one of the
possible delayed complications of GKRS for pituitary adenomas.

Conclusion

A patient treated with GKRS for a pituitary adenoma developed ICA
occlusion and stroke four years after treatment. There were no other predis-
posing factors that could explain this event. It is suggested that the possibil-
ity of carotid artery damage be considered during dose planning for pitui-
tary adenomas and that special care be taken.
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