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Ruptured Dissecting Aneurysm of the  
Carotid Artery 12 Years after Gamma  
Knife Therapy for Pituitary Adenoma

Takahiko Taniguchi, Terushige Toyooka, Masataka Miyama, Satoru Takeuchi, Naoki Otani, and Kojiro Wada

Objective: We report a rare case of carotid artery dissection leading to fatal epistaxis 12 years after Gamma knife surgery.
Case Presentation: A 65-year-old woman underwent Gamma knife surgery for remnant pituitary adenoma adjacent to 
the left cavernous sinus after transsphenoidal tumor removal. After 12 years, she developed repetitive critical hematemesis 
subsequent to cardiopulmonary arrest, and a dissecting aneurysm of the cavernous segment of the left internal carotid 
artery (ICA) was identified by cerebral angiography after resuscitation and massive blood transfusion. Effective 
hemostasis was confirmed by endovascular embolization to occlude the affected carotid artery. She was transferred to 
a rehabilitation facility 1 month after onset.
Conclusion: The etiology of this pathology may have been a collapsed vasa vasorum or fibrosis of adventitia on the 
carotid wall adjacent to the irradiated site. We need to suspect this rare but serious pathology in patients with histories 
of irradiation of the cavernous region who develop massive hematemesis of unknown origin.
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Introduction

Approximately 30 patients with intracranial aneurysms or 
rupture of the intracranial vascular wall after radiotherapy 
have been reported. These complications are rare,1–15) but 
hemorrhage from major arteries requires emergency care, 
leading to a fatal outcome in some cases. In this study, we 
report a patient in whom a dissecting aneurysm of the 
internal carotid artery (ICA) at the cavernous region in the 
irradiated area developed 12 years after Gamma knife 
therapy for pituitary adenoma, and its rupture induced 
massive epistaxis.

Case Presentation

A 65-year-old woman underwent transsphenoidal surgery 
for non-functioning pituitary adenoma and subsequent 
radiotherapy by Gamma knife for the residual lesion in the 
cavernous sinus which was conducted at maximum and mar-
ginal radiation doses of 24 and 12 Gy, respectively, in 2006. 
Twelve years later, she was transported to the emergency 
department of our hospital because of the loss of conscious-
ness after hematemesis after headache persisting for 10 days. 
Hematemesis (approximately 300 mL) developed 3 days 
before emergency admission. On arrival of the ambulance 
crew to her home, her blood pressure was unmeasurable due 
to too low level. On arrival at our hospital, consciousness 
was improved to clear the level and vital signs, including the 
blood pressure, were stable. No abnormal findings were 
noted on upper gastrointestinal endoscopy. 

Hematemesis recurred 4 days after admission. Upper gas-
trointestinal endoscopy revealed an ulcer at the greater curva-
ture of the stomach. Although there was no active hemorrhage, 
the ulcer was considered to be the source of hemorrhage and 
clipping for the visible vessels in the ulcer was performed. At 
this event, she went into shock and fractured her femur neck 
upon falling down. Femoral head replacement was performed 
5 days after admission. After surgery, the administration of an 
anticoagulant (edoxaban) was started to prevent deep venous 
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thrombosis (DVT). After recurrent massive hematemesis 10 
days after admission, electrocardiography demonstrated pulse-
less electrical activity and resuscitation was performed. After 
10 minutes, return of spontaneous circulation was achieved. As 
hemorrhage from the gastric ulcer was suspected, upper gas-
trointestinal endoscopy was performed while maintaining sys-
temic circulation by massive fluid replacement, blood 
transfusion, and balloon pumping blockage of the aorta. How-
ever, massive blood retention in the stomach made observation 
difficult, and abdominal endovascular embolization was 
selected. Abdominal arteriography did not reveal the source of 
hemorrhage, and epistaxis gradually became severe. Head 
and neck angiography demonstrated massive extravascular 
leakage from the cavernous sinus of the left ICA to the nasal 
cavity, suggesting a carotid-cavernous fistula (CCF) as an etio-
logical factor. In the department of otorhinolaryngology, astric-
tion was attempted, but hemostasis was difficult, and an 
emergency call to the department of neurosurgery was made. 
On left common carotid angiograms, irregularity of the inferior 
wall at the cavernous sinus of the ICA (C3-4) and dilation of 
the vascular diameter were observed, leading to a diagnosis of 
a ruptured dissecting aneurysm. Narrowing of the vascular 
diameter was observed at an area distal to the C3 segment of 
the ICA (Fig. 1).

Embolization at an area proximal to the C3 segment of the 
left ICA, where arterial dissection was clear, was selected. 
Initially, to reduce the volume of blood loss as promptly as 
possible, a 9Fr OPTIMO guiding catheter with a balloon 
(Tokai Medical Products, Aichi Japan) was inserted into the 

left common carotid artery to block it. This reduced hemor-
rhage from the CCF to the nasal cavity, and the blood pres-
sure, which had ranged from 50 to 60 mmHg, was 
maintained at 80 to 90 mmHg. It was impossible to evaluate 
a collateral pathway for the following reasons: balloon pump-
ing blockage of the contralateral aorta had been conducted 
through the left femoral artery, and marked edema of the 
upper limb made approaching through the upper limb diffi-
cult. A microcatheter (2.2Fr Carnelian ER microcatheter, 
Tokai Medical Products, Aichi, Japan) was guided to the C3 
segment of the ICA distal to the site of dissection coaxially to 
a CHIKAI 14 200 cm (Asahi Intecc, Aichi, Japan). Regard-
ing this site as a distal end, coil embolization was performed 
using three Target XL 360 soft 5 mm × 15 cm, four Target 
XL 360 soft 4 mm x 12 cm, and five Target XL 360 soft 3 mm 
× 9 cm (Stryker, Kalamazoo, MI, USA) (Fig. 2A). At this 
point, there was a decrease in the volume of blood loss, but 
extravascular leakage into the nasal cavity remained. Com-
plete hemostasis should be confirmed because her systemic 
circulation remained unstable just after the massive hemor-
rhage. Therefore, additional embolization with 50% n-butyl- 
2-cyanoacrylate (NBCA) was performed after confirming the 
absence of anterograde blood flow to the distal intracranial 
ICA (Fig. 2B). Subsequently, slight extravascular leakage 
from the external carotid artery system was observed, but the 
volume was markedly small. The blood pressure became sta-
ble. Post-embolization angiograms confirmed a favorable 
collateral pathway mediated by the posterior communicating 
artery (Fig. 3A). Blood transfusion with 46 units of packed 

Fig. 1 Left common carotid angiograms in the anteroposterior view 
(A), lateral view (B), and superimposed view (C) showing irregularity 
and aneurysmal dilatation (arrows) of the ICA at the inferior wall of the 

cavernous segment (C3-4) associated with marked extravasation. The 
distal supraclinoid segment of the ICA has narrowed (arrowheads). 
ICA: internal carotid artery
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increases in the cerebral blood flow [CBF], cerebral blood 
volume [CBV], and mean transit time [MTT] in the water-
shed area), but revascularization surgery was impossible 
due to the general condition after resuscitation and massive 
blood transfusion. After endovascular treatment, cerebral 
and systemic circulation were intensively managed. Mag-
netic resonance imaging (MRI)-diffusion-weighted image 
(DWI) revealed fresh infraction in the same area as the above 
watershed ischemia (Fig. 4). The watershed infarction 

red blood cells, 30 units of fresh frozen plasma, and 20 units 
of platelet concentrate was required before the completion of 
hemostasis.

Three-dimensional computed tomography angiography 
(CTA) the day after surgery revealed occlusion of the left 
ICA and a collateral pathway mediated by the left poste-
rior communicating artery (Fig. 3B). Perfusion computed 
tomography (CT) suggested a reduction in watershed area 
blood flow in the left cerebral hemisphere (there were 

Fig. 2 Fluoroscopic images of the anteroposterior view after parent artery occlusion showing coils placed from the C4 por-
tion to the petrous portion of the ICA (A), and injection of 50% n-butyl 2-cyanoacrylate into the same portion of the ICA (B). 
ICA: internal carotid artery

Fig. 3 Right vertebral angiogram in the anteroposterior view (A) after endovascular treatment showing cross flow via the 
posterior communicating artery. CT angiogram in the anteroposterior view (B) after endovascular treatment showing com-
plete occlusion of the left ICA and blood flow to the peripheral middle cerebral artery. CT: computed tomography; ICA: inter-
nal carotid artery
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Discussion

Nine patients with aneurysm formation and rupture in the 
intracranial arteries associated with stereotactic radiother-
apy have been reported.1,2,6–8,12,14,15) In four patients, aneu-
rysms of the anterior inferior cerebellar artery developed 
after Gamma knife therapy for acoustic neuroma,12,14,15) 
whereas massive epistaxis from the ICA developed after 
stereotactic radiotherapy for tumors involving the parasel-
lar region to skull base in the other five patients,2,6–8) simi-
lar to the present patient.

Many studies have reported necrotic rupture of the cervical 
carotid artery wall after radiotherapy for malignant cervical 

related to hemorrhage-associated hypoperfusion of the 
left ICA, which had persisted for 6 hours until hemostasis 
was achieved, was suggested. Postoperative antithrom-
botic therapy was not performed considering the risk of 
rebleeding. Conservative treatment for acute ischemic 
stroke and rehabilitation were performed. One month 
after endovascular treatment, the consciousness level was 
evaluated as E4V3M6 using the Glasgow Coma Scale 
(GCS) and the manual muscle testing (MMT) score was 
4/5. Motor aphasia and incomplete paralysis of the right 
upper and lower limbs remained. She was transferred to a 
rehabilitation hospital with a modified Rankin Scale 
(mRS) score of 3.

Fig. 4 Axial diffusion-weighted magnetic resonance image one day after endovascular treatment showing 
ischemic lesions in the watershed area of the middle cerebral artery.
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tumors, but pathologically, neutrophil or eosinophil infiltra-
tion in the arterial wall and all-layer necrosis may be 
involved.11) As etiological factors, occlusion of the vasa vaso-
rum and the early progression of fibrous or arteriosclerotic 
changes in the adventitia have been suggested.9,11,16,17) If an 
area adjacent to the cavernous sinus of the ICA is irradiated 
with high-dose radiation, a condition, as demonstrated in the 
present case, may develop in the presence of transsphenoidal 
surgery, sellar base defects related to adenoma progression, 
or inflammatory changes. Many physicians, including neuro-
surgeons and radiologists, should recognize the presence of 
this condition, which may lead to a fatal outcome. Regarding 
follow-up using MRI after surgery for skull base lesion 
including pituitary tumors, no criteria have been established, 
but the postoperative state should be regularly evaluated 
using magnetic resonance angiography (MRA). If vascular 
irregularity or aneurysm formation is suspected, CTA or 
angiography should be considered.

Furthermore, in the present case, the oral administration 
of an anticoagulant was started to prevent DVT. We cannot 
deny the fact that this induced fatal hemorrhage.

When confirming this condition, prompt management is 
necessary. However, endovascular treatment was selected in 
all previously reported patients with this condition.2,6–8) In one 
patient, hemostasis was achieved through spontaneous occlu-
sion at the stenotic site during surgery. In one patient, stenting 
was performed. In the other patients, including ours, coil 
embolization of a parent blood vessel was conducted. In one 
of these, this procedure was combined with bypass (Table 1). 
The prognosis was favorable except in one who died of the 
tumor. In the present case, cardiopulmonary arrest occurred 
and massive blood transfusion was required after resuscita-
tion. Concomitant cerebral infarction was present, but the 
mRS score on discharge was 3. In the present case, it was dif-
ficult to evaluate the possibility of revascularization surgery in 
detail in the critical vital signs just after the resuscitation. 
However, if a collateral pathway and CBF can be sufficiently 
evaluated in a stable condition of vital sign, low- or high-flow 
revascularization surgery may lead to a better prognosis.

To achieve this, this pathognomonic condition should be 
suspected earlier based on the patient’s medical history or 
diagnostic imaging findings, and earlier treatment should 
be performed before fatal hemorrhage.

Conclusion

We report a patient in whom a dissecting ICA aneurysm 
developed after radiotherapy for a pituitary tumor, inducing 
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ruptured petrous internal carotid artery aneurysm: associ-
ation with transsphenoidal surgery and radiation therapy: 
case report. Neurol Med Chir (Tokyo) 2011; 51: 226–229.

 8) Fujita K, Tamura M, Masuo O, et al: Ruptured internal 
carotid artery aneurysm presenting with catastrophic epi-
staxis after repeated stereotactic radiotherapies for anterior 
skull base tumor: case reports and review of the literature. 
J Neurol Surg Rep 2014; 75: e200–205.

 9) Kiyosue H, Okahara M, Tanoue S, et al: Dispersion of coils 
after parent-artery occlusion of radiation-induced internal 
carotid artery pseudoaneurysm. AJNR Am J Neuroradiol 
2004; 25: 1080–1082.

10) Maruyama K, Mishima K, Saito N, et al: Radiation-induced 
aneurysm and moyamoya vessels presenting with sub-
arachnoid haemorrhage. Acta Neurochir (Wien) 2000; 142: 
139–143.

11) Okamura HO, Kamiyama R, Takiguchi Y, et al: Histo-
pathological examination of ruptured carotid artery after 
irradiation. ORL J Otorhinolaryngol Relat Spec 2002; 64: 
226–228.

12) Park KY, Ahn JY, Lee JW, et al: De novo intracranial aneu-
rysm formation after Gamma Knife radiosurgery for vestib-
ular schwannoma. J Neurosurg 2009; 110: 540–542.

13) Pereira P, Cerejo A, Cruz J, et al: Intracranial aneurysm 
and vasculopathy after surgery and radiation therapy for 
craniopharyngioma: case report. Neurosurgery 2002; 50: 
885–887; discussion 887–888.

14) Takao T, Fukuda M, Kawaguchi T, et al: Ruptured intracra-
nial aneurysm following gamma knife surgery for acoustic 
neuroma. Acta Neurochir (Wien) 2006; 148: 1317–1318; dis-
cussion 1318.

15) Yamaguchi S, Kato T, Takeda M, et al: Ruptured distal 
anterior inferior cerebellar artery aneurysm following ste-
reotactic irradiation for vestibular schwannoma: case report. 
Neurol Med Chir (Tokyo) 2009; 49: 202–205.

16) Sciubba DM, Gallia GL, Recinos P, et al: Intracranial aneu-
rysm following radiation therapy during childhood for a brain 
tumor. Case report and review of the literature. J Neurosurg 
2006; 105: 134–139.

17) Silverberg GD, Britt RH, Goffinet DR: Radiation-induced 
carotid artery disease. Cancer 1978; 41: 130–137.

massive epistaxis. Although such cases are rare, hemor-
rhage may be fatal; therefore, prompt diagnosis and treat-
ment are necessary. Occlusion of the parent vessels with 
the detailed assessment of a collateral pathway for revascu-
larization is necessary. However, if massive hemorrhage 
develops, as demonstrated in the present case, detailed 
examination may be difficult. Therefore, physicians should 
recognize findings of this pathology and suspect it earlier 
based on the patient’s medical history or imaging findings 
for early diagnosis. This may lead to a favorable prognosis.
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