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Introduction

The traumatic intracranial pseudoaneurysm (TICPA) is 
rarely developed following traumatic brain injuries. It hap-
pens in about 3% of traumatic brain injuries and consists 
of less than 1% of the cerebral aneurysms.1,5) The symptoms 
of traumatic intracranial aneurysm are dependent on its lo-
cation and severity of head trauma. Moreover, it can make 
usually delayed intracranial hemorrhage (ICH), which may 
lead to death in more than 50% of the patients.5,7) Therefore 
it is important for the patient’s prognosis that managing the 
traumatic intracranial aneurysm before developing the de-

layed ICH. 
There are many ways to treat the TICPA including aneu-

rysm clipping, trapping of the parent artery, and endovas-
cular coiling. Trapping of the parent artery must be a perfect 
method not to fail the treatment. But, it may cause the isch-
emic insult into the offending vascular territory.2) Further-
more, the trapping of the internal carotid artery (ICA) for the 
treatment of TICPA in the petrous ICA will induce more se-
rious complications. Balloon test occlusion (BTO) should 
be preoperatively applied before trapping the ICA. Howev-
er, unconsciousness can make a difficulty to perform the 
BTO and the perfusion study. We are to introduce the one-
day protocol of single photon emission computed tomog-
raphy (SPECT) as a perfusion study in an unconscious pa-
tient to undergo the ICA trapping for the treatment of 
traumatic pseudoaneurysm in the petrous ICA.

Case Report

A 23-year-old man was admitted with a semicomatose 
consciousness after getting involved in a traffic accident on 
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driving a car. His Glasgow Coma Scale was 5T (1/T/3) and 
his right pupil was dilated of 5 mm without light reflex. The 
right facial palsy was observed. Multiple scalp contusions, 
the right bloody otorrhea, and nasal bleeding were seen. 
On the brain computed tomography (CT), there were sub-
arachnoid hemorrhage and airs on the basal cisterns and 

intraventricular hemorrhage in the 4th ventricle. Sulci in 
the cerebral hemisphere and cisterns were effaced. And a 
fracture on the right petrous apex and multiple facial bone 
injuries were found (Figure 1). His neurologic status was 
getting worse and his oculocephalic reflex was absent. An 
intraparenchymal type of intracranial pressure monitor 
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FIGURE 1. Initial brain computed tomography (CT) and CT angiogram. A: Subarachnoid hemorrhage and pneumocephalus on the 
interpeduncular cistern was seen. B: Multiple facial bone fractures and fracture on the right petrous apex (arrow) nearby the carotid 
canal were found. C: Multiple hypodense lesions were seen on the right frontal at the 2nd day of trauma. D: Abnormal dye filling sac 
(arrowhead) at the petrous internal carotid artery was found in the CT angiogram. The pseudoaneurysm was located in the posterior 
part of cavernous sinus.

FIGURE 2. Catheter angiogram for the further evaluation of vascular injury. The catheter angiogram was taken the day after the 
computed tomography angiogram. The pseudoaneurysm (arrowhead) was grown in size. Arterial dissection (arrow) was also found 
at the entrance of petrous bone and around the anterior part of cavernous sinus (A, B). This vascular injury might be caused by the 
immobilization of the artery to the petrous bone and the dural ring. The right middle cerebral artery (MCA) was clearly visualized on 
the right internal carotid artery (ICA) angiogram (C). The pseudoaneurysm size grew markedly in the intraoperative angiogram dur-
ing the endovascular coiling on the cavernous ICA distal to the pseudoaneurysm (D, E). Intraoperative angiogram after the ICA 
trapping and the revascularization showed that the distal branches of the right MCA was visualized from the superficial temporal ar-
tery (F).
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(CaminoTM, Integra, Plainsboro, NJ, USA) was indwelled 
and ventilator with sedation was maintained with massive 
neurosurgical intensive care. The intracranial pressure was 
checked as 9 to 10 mm Hg. 

At the 2nd day of trauma, multiple hypodense lesions on 
the right frontal lobe were found on the brain CT (Figure 
1). Brain CT angiogram was taken for evaluating the injury 
of intracranial artery at the 4th day of trauma, which showed 
an abnormal dye filling sac at the petrous apex (Figure 1). 
The pseudoaneurysm was located at the right proximal cav-

ernous ICA around the fracture line. It was irregular ovoid 
shape with anterior-medial direction in the size of 10×6 mm.

On the next day after the brain CT angiogram, trans-fem-
oral cerebral angiography was done. The pseudoaneurysm 
grew in size and arterial dissection was also noted at the 
entrance of the ICA into petrous bone (Figure 2). We planned 
to do the trapping of the pathologic ICA and get the perfu-
sion study for evaluate the ischemic tolerance after ICA is 
sacrificed. We discussed the perfusion study with a special-
ist of nuclear medicine. She proposed the one-day protocol 

FIGURE 3. Perfusion study of single photon emission computed tomography (CT) before and after balloon occlusion test for the 
right internal carotid artery (ICA) in the same day. The baseline scan (A) was taken by injecting 20 mCi of technetium-99m-ethyl 
cysteinate diethylester (99mTc-ECD) before the angiogram and 40 mCi of 99mTc-ECD was given at 15 minutes in the balloon occlusion 
of the right ICA (B). At the post-occlusion scan, aggravation of perfusion asymmetry on the right frontal cortex was seen, especially in 
the middle and posterior frontal cortex (arrows) and about 21% of perfusion reduction was measured. The hypoperfusion area in the 
right frontal was matched with the infarct zone in the brain CT.
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of SPECT, which is taking twice scans before and after the 
BTO in the same day. Unfortunately, the patient was sedat-
ed and unconscious, so we could not get the neurological 
changes during the BTO. Twenty mCi of technetium-99m-
ethyl cysteinate diethylester (99mTc-ECD) was injected be-
fore the angiogram and then 40 mCi of it was given at 15 
minutes in the balloon occlusion of the right ICA. After 
40 mCi of it was injected, perfusion SPECT was taken. No 
change of vital signs was noted during the temporary ICA 
occlusion. As a result of the SPECT, perfusion asymmetry 
in the right frontal cortex was aggravated about 21% of per-
fusion reduction at the post-occlusion scan compared with 
the baseline scan before the occlusion (Figure 3). So, trapping 
of the damaged ICA and the revascularization was manda-
tory for the definite treatment.

He got a direct anastomosis of the right superficial tem-
poral artery-middle cerebral artery and ICA trapping be-
tween the cervical ICA and the cavernous ICA. Endovascu-
lar coiling on the cavernous ICA distal to the pseudoaneurysm 
was performed in the operating room (Figure 2). Bypass 
blood flow from the extracranial to intracranial artery and 
from the left ICA to the right cerebral arteries was good. Af-
ter the surgery, he recovered his consciousness and suffered 
from deafness on the left ear. After six weeks later from 
operation, he had ventriculo-peritoneal shunt operation for 
the post-traumatic hydrocephalus. And then he went back 
his normal life and has not developed any new neurologic 
sings for 8 years. 

Discussion

TICPA could be developed from many types of head trau-
ma, especially blunt and penetrating injury.5) These aneu-
rysms happened rarely as a pseudoaneurysm, which consist 
of less than 1% of cerebral aneurysms. The mortality was 
relatively very high in 32% to 54% after the delayed disas-
trous hemorrhage.1,5,10) The peak incidence of TICPA has 
been known at 2 to 3 weeks after the trauma. Therefore, the 
early diagnosis and management to TICPA is crucial to res-
cue the patient’s life.

As the treatment of TICPAs, surgical and endovascular 
methods have been proposed.1,5) Direct clipping, wrapping 
or trapping was tried in the surgical methods. And as endo-
vascular method, embolization with detachable coils with/
without stent has also been performed. The aneurysm clip-
ping has many advantages that it provides definitive isola-
tion of the aneurysm, allows for the reconstruction of the 
parent artery if needed, and facilitates removal of mass ef-
fect via evacuation of intracranial hematoma and deflation 

of the aneurysm itself.5) On the other hand, the use of endo-
vascular therapy avoids prolonged anesthesia, minimizes 
manipulation of adjacent vessels and structures, and allows 
diagnostic angiography to be performed throughout the 
case.5) But, surgically inaccessible lesion, long-injured seg-
ment, and larger proximal aneurysm with high flow like 
our case should be definitely treated with the trapping all 
the injured artery.

Before deciding the ICA sacrifice, we should know the 
ischemic tolerance after the ICA occlusion. ICA trapping 
makes ischemic stroke in 30% to 40%.13) Therefore, evalu-
ating cerebral ischemic tolerance before sacrificing ICA is 
very important to planning treatment strategy. BTO of the 
ICA can be performed with an acceptably low complication 
rate with 0.4% of permanent neurologic changes.9) But, neu-
rologic assessments alone for evaluating ischemic tolerance 
during BTO have a high false negative rate. ICA sacrifice 
made cerebral infarction in 5% to 20% even though no neu-
rologic changes happen during BTO.8,11) SPECT study has 
been considered to be the most useful method for evaluat-
ing the regional cerebral blood flow (rCBF) during BTO. 
Twice scans are always needed as the baseline and the blood 
flow reserve. As the residual activity of radiopharmaceu-
ticals should clear out, the scan takes minimum 2 days.4) 
However, these 2 days would be unacceptable for the un-
conscious patient and emergent situations. 

The shorter study time was mandatory for our case with 
unconsciousness, ventilator applied and unstable condition. 

The distribution of 99mTc-ECD did not change in a pat-
tern consistent with rCBF during 16-hour period after in-
jection in animals.12) It is also report to be stable in human 
brain for the variety of rCBF.6) Based on this minimal wash-
out of ethyl cysteinate diethylester (ECD), one-day protocol 
for cerebral perfusion reserve with acetazolamide was pro-
posed.3) This protocol is as the below; SPECT scans are 
obtained after 1st injection of approximately 370 MBq of 
99mTc-ECD, 1,000 mg of acetazolamide is given intrave-
nously at 14 minutes after 1st dose injection, and then an-
other SPECT scans are taken after 2nd injection of double 
dose, approximately 740 MBq of 99mTc-ECD. They conclud-
ed that ECD washout was minimal during the first 50 min-
utes after injection and was not affected by acetazolamide.3) 
The distribution of 99mTc-ECD is stable over time, and its 
washout is independent from rCBF. This is the important 
characteristics for assessing rCBF changes before and af-
ter acetazolamide administration.3) The 2nd scan images 
were subtracted with the 1st scan images. In this way, quan-
titative assessment was possible. In our study, we think that 
ischemic challenge by performing the temporarily BTO is 
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a substitute for acetazolamide injection. So, double dose in-
jection of 99mTc-ECD and the subtraction method could be 
a good diagnostic way to evaluate the ischemic tolerance 
in a short time in less than 1 hour without waiting the com-
plete washout of radiotracer. In our case, we had to decide 
the treatment method before rupture of the pseudoaneu-
rysm. As it was growing its size and the injured segment 
of ICA was long, the trapping of ICA would be a definite 
treatment. So, the ischemic tolerance should be evaluated 
with BTO and perfusion study with SPECT with urgent. 
Double-dose injection of 99mTc-ECD would be a good way 
to know the cerebral perfusion with shorter study time.

Conclusion

Double-dose injection of 99mTc-ECD at the BTO may be 
useful to evaluate the ischemic tolerance preoperatively in 
the unconscious patient who is going to sacrifice an ICA.

■ The authors have no financial conflicts of interest. 

REFERENCES
1) Cohen JE, Gomori JM, Segal R, Spivak A, Margolin E, Sviri G, 

et al. Results of endovascular treatment of traumatic intracranial 
aneurysms. Neurosurgery 63:476-485; discussion 485-486, 2008

2) Eckard DA, Purdy PD, Bonte FJ. Temporary balloon occlusion of 
the carotid artery combined with brain blood flow imaging as a test 
to predict tolerance prior to permanent carotid sacrifice. AJNR 
Am J Neuroradiol 13:1565-1569, 1992

3) Hattori N, Yonekura Y, Tanaka F, Fujita T, Wang J, Ishizu K, et al. 

One-day protocol for cerebral perfusion reserve with acetazol-
amide. J Nucl Med 37:2057-2061, 1996

4) Kapucu OL, Nobili F, Varrone A, Booij J, Vander Borght T, Någren 
K, et al. EANM procedure guideline for brain perfusion SPECT 
using 99mTc-labelled radiopharmaceuticals, version 2. Eur J Nucl 
Med Mol Imaging 36:2093-2102, 2009

5) Larson PS, Reisner A, Morassutti DJ, Abdulhadi B, Harpring JE. 
Traumatic intracranial aneurysms. Neurosurg Focus 8:e4, 2000

6) Léveillé J, Demonceau G, De Roo M, Rigo P, Taillefer R, Morgan 
RA, et al. Characterization of technetium-99m-L,L-ECD for brain 
perfusion imaging, Part 2: Biodistribution and brain imaging in 
humans. J Nucl Med 30:1902-1910, 1989

7) Malek AM, Halbach VV, Phatouros CC, Meyers PM, Dowd CF, 
Higashida RT. Endovascular treatment of a ruptured intracranial 
dissecting vertebral aneurysm in a kickboxer. J Trauma 48:143-
145, 2000

8) Marshall RS, Lazar RM, Young WL, Solomon RA, Joshi S, Duong 
DH, et al. Clinical utility of quantitative cerebral blood flow mea-
surements during internal carotid artery test occlusions. Neuro-
surgery 50:996-1004; discussion 1004-1005, 2002

9) Mathis JM, Barr JD, Jungreis CA, Yonas H, Sekhar LN, Vincent 
D, et al. Temporary balloon test occlusion of the internal carotid 
artery: experience in 500 cases. AJNR Am J Neuroradiol 16:749-
754, 1995

10) Miley JT, Rodriguez GJ, Qureshi AI. Traumatic Intracranial An-
eurysm Formation following Closed Head Injury. J Vasc Interv 
Neurol 1:79-82, 2008

11) Schneweis S, Urbach H, Solymosi L, Ries F. Preoperative risk as-
sessment for carotid occlusion by transcranial Doppler ultrasound. 
J Neurol Neurosurg Psychiatry 62:485-489, 1997

12) Walovitch RC, Hill TC, Garrity ST, Cheesman EH, Burgess BA, 
O’Leary DH, et al. Characterization of technetium-99m-L,L-ECD 
for brain perfusion imaging, Part 1: Pharmacology of technetium-
99m ECD in nonhuman primates. J Nucl Med 30:1892-1901, 1989

13) Zhong J, Ding M, Mao Q, Wang B, Fu H. Evaluating brain tolera-
bility to carotid artery occlusion. Neurol Res 25:99-103, 2003


