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INTRODUCTION

e concept of dual-energy computed tomography (CT) was first described in the 1970s, however, 
it was not until computational power advanced to the point where clinical implementation 
was possible in the early 2000s.[5,11,12] Dual-energy CT has the ability to differentiate materials 
based on their differential attenuation when imaged at two different energy levels.[5] is has 
multiple clinical applications but specifically this article describes the use of dual-energy CT 
in differentiating intracranial hemorrhage from contrast extravasation following endovascular 
treatment of an unruptured cerebral aneurysm. is differentiation being of paramount 
importance in the setting of a flow diverting stent, where the decision to continue or cease dual 
antiplatelet therapy will significantly impact the outcome for the patient.

ABSTRACT
Background: Along with surgical clipping, endovascular management is one of the mainstay treatment options 
for cerebral aneurysms. However, immediate post procedural imaging is often hard to interpret due to the 
presence of contrast material. Dual-energy computed tomography (CT) allows differentiation between contrast 
extravasation and intracranial hemorrhage and this case illustrates the importance of this following endovascular 
treatment of an unruptured cerebral aneurysm.

Case Description: A patient presented with acute ophthalmoplegia secondary to mass effect from an 
intracavernous ICA fusiform aneurysm. e patient underwent an endovascular flow diverting stent to treat 
this aneurysm. Post procedure, the patient had a reduced level of consciousness and underwent a conventional 
CT showing diffuse subarachnoid hyperdensity of the left hemisphere. Dual-energy CT allowed accurate 
differentiation and illustrated diffuse contrast material extravasation, allowing patient to continue on dual 
antiplatelets and therapeutic anticoagulation to reduce the risk of ischemic injury post endovascular stent.

Conclusion: Use of dual-energy CT in the setting of endovascular management of intracranial aneurysms 
allows accurate diagnosis of any postoperative complications. Specifically, differentiating between subarachnoid 
hemorrhage and contrast extravasation is vital in these patients due to the significant consequences to their 
ongoing management in regard to continuation or cessation of antiplatelets or anticoagulation. With increasing 
access to this technology, its use should become standard practice in the post-operative investigation of these 
patients undergoing endovascular treatment.
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e prevalence of cerebral aneurysms is estimated to be 
around 3.2% of the population, with rate of rupture among all 
aneurysms to be approximately 1.3% per year.[7,17] Along with 
surgical clipping, endovascular treatment is one of the mainstay 
treatment options for cerebral aneurysm.[1,13] Endovascular 
treatment carries risks including both subarachnoid 
hemorrhage from aneurysm rupture and contrast leak causing 
encephalopathy and cerebral edema.[1] Both complications 
may result in similar clinical presentations with reduced level 
of consciousness and neurological deficit, however acute 
management varies significantly. erefore, when required, 
post-procedural imaging has traditionally been difficult to 
interpret with hyperdensity on CT potentially reflecting 
subarachnoid hemorrhage or contrast medium extravasation.[15]

On review of the currently available literature, the use of 
dual-energy CT has been shown to be an accurate method 
to differentiate between intracranial hemorrhage and 
contrast medium extravasation in acute stroke patients 
following intra-arterial revascularization.[15] However, there 
is limited literature illustrating the use of this technology in 
management of aneurysmal subarachnoid hemorrhage or 
peri-endovascular treatment of unruptured aneurysms. is 
case illustrates the use of dual-energy CT in the setting post-
endovascular treatment of an unruptured aneurysm with a 
flow diverting stent and describes the clinical implications 
associated in the postoperative period.

CASE PRESENTATION

A female presented with acute onset left ophthalmoplegia 
secondary to mass effect of a newly diagnosed intracavernous 
left ICA fusiform aneurysm. is unruptured, partially 
thrombosed aneurysm was confirmed on diagnostic cerebral 
angiography, [Figure 1]. On examination, the patient did have 
evidence of partial third, fourth, and sixth nerve palsies and 

altered sensation in ophthalmic division of trigeminal nerve, 
consistent with a compressive pathology in the cavernous 
sinus. e patient had no clinical or radiographic evidence of 
caroticocavernous fistula.

e patient underwent endovascular pipeline shield 
flow diverting stent treatment of the 18 mm unruptured 
aneurysm. e patient had been appropriately loaded 
preoperatively with dual antiplatelets and given a single-dose 
IV heparin as per department protocol. Nil intraprocedural 
concerns were identified, with early flow diversion and good 
parent vessel reconstruction noted. However, the patient was 
found to have decreased level of consciousness and dysphasia 
post procedure.

e patient was subsequently taken for an urgent conventional 
unenhanced CT, which is standard first-line radiographic 
assessment to assess for a postoperative complication. 
CT showed diffuse subarachnoid hyperdensity of the left 
cerebral hemisphere, shown in [Figure  2]. Unfortunately, it 
is quite difficult to differentiate hemorrhage from contrast 
medium extravasation on CT within the first 24 h post 
digital subtraction angiography.[15] is is because of similar 
Hounsfield densities of iodine and hemorrhage.[11,15] Definitive 
diagnosis is often only made on follow-up imaging 24 h later, 
when the contrast material extravasation has resolved.[15]

However, in this clinical setting, the decision was made to 
repeat imaging using dual-energy CT to help differentiate 
between contrast medium extravasation and subarachnoid 
hemorrhage due to the significant impact that correct 
diagnosis would have on the acute management of this 
patient. e use of dual-energy CT is illustrated in [Figure 3]. 
[Figure  3a] shows conventional CT images, whereas 
[Figure 3b] illustrates the iodine map. Iodine map identifies 
any iodine contrast as this has a single density that differs to 
that of hemorrhage. Iodine contrast can then be removed to 

Figure 1: Cerebral angiogram of the left ICA, showing the 18 mm 
intracavernous fusiform aneurysm.

Figure 2: Conventional unenhanced CT showing diffuse 
subarachnoid hyperdensity of the left cerebral hemisphere.
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create a virtual nonenhanced image, shown in [Figure  3c]. 
is example subsequently shows that all the hyperdensity 
evident on conventional CT imaging were contrast medium 
extravasation and no evidence of subarachnoid hemorrhage.

Follow-up conventional CT imaging shown in [Figure 4] was 
performed the following day and confirmed this diagnosis, 
as all hyperdensity had resolved, in keeping with contrast 
medium extravasation. In the setting of subarachnoid 
hemorrhage, it would not be expected for such diffuse 
hyperdensity to have resolved within 24 h. Significant 
cerebral edema was also present, which would be secondary 
to this contrast leak, contributing initially to the patient’s 
poor level of consciousness postprocedure.

Allowing accurate differentiation in this early post procedure 
period allowed continuation of antiplatelets and therapeutic 
anticoagulation, subsequently reducing the risk of ischemia 
following flow-diverting stent.[14] Without the use of dual-
energy CT, it would not be possible to acutely distinguish 
between contrast extravasation and hemorrhage, and 
subsequently, the patient would have had to cease these agents 
until the diagnosis was confirmed on follow-up imaging 24h 
later, increasing the risk of ischaemic complication.

Despite continuation of therapeutic anticoagulation and 
dual antiplatelet medications, the patient still suffered a left 
frontal ischemic infarct affecting Broca’s area and causing 
severe expressive dysphasia. is likely occurred at the time 
of procedure from an embolic source. Her ongoing inpatient 
admission was further complicated by gastrointestinal bleeding 
secondary to diffuse upper gastrointestinal angioectasia in the 

setting of dual antiplatelet medications, with no surgical or 
endovascular treatment options. e patient has subsequently 
recovered but has been left with ongoing speech disturbance.

DISCUSSION

Endovascular intervention of cerebral aneurysms is a 
mainstay treatment to prevent the risk of subarachnoid 
hemorrhage. e decision regarding which aneurysms to 
treat is quite complex and there are many factors that come 
into play in this decision process. However, the focus of this 
case is not to discuss risk factors and patient selection but 
instead to illustrate the use of dual-energy CT to assist in the 
management of patients who have undergone endovascular 
treatment of cerebral aneurysms.

e ability for early differentiation of contrast medium 
extravasation and intracranial hemorrhage has become 
possible through the emerging availability of dual-energy 
CT. Dual-energy CT involves image reconstruction from 
two different X-ray spectra at different kilovoltages instead 
of one single kilovoltage as used with conventional CT.[3,11,15] 
Two different energy spectra can be produced using two 
different X-ray sources simultaneously or fast kilovoltage 
switching, in which X-ray tube changes energy spectra 
in <0.5 ms.[3,11,15] Two common selected energy levels are 
80 kV and 140 kV.[3,11,15] Characterization becomes possible 
due to different attenuation characteristics between iodine 
and blood at the two selected energy levels.[3,11,15] Iodine maps 
can then be reconstructed, allowing a virtual unenhanced 
noncontrast image to be formed.[3,11,15] Dual-energy CT has 
been well documented in its use in acute stroke patients 
who have undergone intra-arterial revascularization.[4,6,15] 
Gupta has shown that dual-energy CT has high sensitivity 
and specificity in differentiating hemorrhage from iodinated 
contrast material extravasation.[6]

Figure 4: Conventional unenhanced CT performed 24 h post 
procedure showing resolution of hyperdensity.

Figure 3: (a) Images from dual-energy CT. Conventional CT 
images again illustrating diffuse subarachnoid hyperdensity of the 
left cerebral hemisphere. (b) Iodine map, illustrating the ability 
to isolate only iodine contrast material as this has a single density 
that differs to that of hemorrhage. (c) Virtual nonenhanced image, 
where iodine contrast material identified on iodine map has been 
removed. erefore, as showing no residual hyperdensity, this 
illustrates that it was all contrast material extravasation.
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is differentiation between contrast extravasation and 
hemorrhage is critical in the acute management of patients 
following endovascular treatment because the use of an 
endovascular flow-diverting stent to treat an unruptured 
aneurysm has a significant risk of cerebral ischemia secondary 
to in-stent thrombosis or distal thromboembolic events.[1] 
erefore, pre- and post-procedure dual antiplatelet therapy 
is considered the standard of care for all flow-diverting stent 
procedures.[14] Subsequently, it is well documented that 
discontinuation of these agents increases this ischemic risk, 
especially in the peri-procedural setting.[14] However, in the 
setting of intracranial hemorrhage, these agents need to be 
ceased to prevent further hemorrhage. Subsequently, the 
ability of dual-energy CT to accurately differentiate between 
contrast extravasation and hemorrhage allows appropriate 
acute management of these patients and in this case allowed 
continuation of dual antiplatelets and anticoagulation to 
reduce the risk of ischemia.

ere is limited literature available regarding the use of dual-
energy CT in the setting of subarachnoid hemorrhage. Ni 
et al.[10] discussed the role of dual-energy CT in assessment of 
acute subarachnoid hemorrhage, both supporting its use to 
identify hemorrhage and a bone removal CTA technique to 
detect the intracranial aneurysm. Brockmann et al.[2] showed 
in a small number of patients the effectiveness of dual-energy 
CT in differentiating peri-procedural rebleeding following 
aneurysmal subarachnoid hemorrhage. Dual-energy CT has 
also been shown to be superior to standard CTA in detecting 
aneurysm adjacent to skull base.[19]

Karcaaltincaba also discusses other uses of dual-energy 
CT in the neuroradiology setting.[8] is includes removal 
of bone and calcium from CTA to further assess cerebral 
vasculature, allowing increased accuracy in identifying 
cerebral aneurysms.[8,16,20] Zhang has shown that dual-energy 
CTA has high diagnostic accuracy of detecting intracranial 
aneurysms at lower radiation dose when compared to the 
gold standard digital subtraction angiography.[20] Uotani et  al. 
also discussed its role in quantification of calcified carotid 
stenosis and discussed comparable results with DSA.[16] is 
could potentially then have a role in preoperative planning 
for patient undergoing endovascular management of 
intracranial aneurysms. Furthermore, Kim et al.[9] reported 
that dual-energy CT can be used in detection of underlying 
tumors within an intracranial hemorrhage.[9,18]

e early differentiation between hemorrhage and contrast 
extravasation illustrated in this case allowed continuation 
of dual antiplatelets. e same clinical decisions are relevant 
in the setting of acute stroke patients who have undergone 
intra-arterial thrombectomy. e utility of dual-energy CT 
has been well documented in this scenario post intra-arterial 
thrombectomy for stroke patients, allowing for differentiation 
between contrast medium extravasation and hemorrhagic 

transformation.[4,6,15] is then allows appropriate clinical 
decisions to be made regarding the use of antiplatelets or 
anticoagulation. Furthermore, the use of dual-energy CT 
has been used in the setting following liquid embolization 
of arteriovenous malformations and dural arteriovenous 
fistulas. e use of dual-energy CT in this setting allowing 
accurate diagnosis of any intra-procedural hemorrhage.

CONCLUSION

Use of dual-energy CT in the setting of endovascular 
management of intracranial aneurysms allows accurate 
diagnosis of any post-operative complications through 
its ability to differentiate between contrast extravasation 
and intracranial hemorrhage. Differentiating between 
subarachnoid hemorrhage and contrast extravasation is vital 
in these patients due to the significant consequences to their 
ongoing management in regard to continuation or cessation 
of antiplatelets or anticoagulation. With increasing access to 
this technology, its use should become standard practice in 
the postoperative investigation of these patients undergoing 
endovascular treatment.
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