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Focal Increased Cortical Density in Inmediate
Postembolization CT Scans of Patients with
Intracranial Aneurysms

BACKGROUND AND PURPOSE: Cortical hyperdensity was observed in the immediate postembolization
CT scans of some patients with intracranial aneurysms following uneventful endovascular treatments.
The clinical significance and possible underlying mechanism were evaluated.

MATERIAL AND METHODS: Ninety-three consecutive patients with a total of 100 intracranial aneu-
rysms, treated by endosaccular packing, were studied. Seventy-four aneurysms were treated with
balloon assistance, and the remaining aneurysms were treated without balloon assistance. All patients
underwent cranial CT just before and immediately after the endovascular treatment. If the post-
treatment CT showed any new finding, an immediate MR imaging and a repeat CT 4-6 hours after the
initial posttreatment CT were performed. Several parameters were investigated related to the pres-
ence of cortical hyperdensity.

RESULTS: Cranial CT showed focal cortical hyperdensity following the treatment of 40/74 aneurysms
(54 %) with balloon remodeling and 9/26 aneurysms (34.6 %) without balloon assistance. None of these
patients were symptomatic, and cortical hyperdensity resolved in the repeat CT scans. A statistically
significant relationship was observed between the presence of this finding and the total amount of
contrast material, microcatheter time, number of balloon inflations, and total balloon inflation time.

CONCLUSION: |Immediate postembolization CT may show focal cortical hyperdensity following un-
eventful endovascular aneurysm treatment, most likely caused by blood-brain barrier disruption result-
ing in accumulation of contrast medium. The hyperdensity was more frequent when balloon assistance
was used but was also seen in the patients with no balloon use. It is important to differentiate this
clinically insignificant finding from possible hemorrhage, which would affect patients’ immediate

Endovascular treatment of intracranial aneurysms has im-
proved with recent advances in endovascular techniques.
In addition to parent artery occlusion and endosaccular coil-
ing, the use of supporting devices or techniques such as bal-
loon remodeling or stents; as well as an endosaccular liquid
polymer, Onyx (Micro Therapeutics, Irvine, Calif); and pack-
ing have proved to be safe and important in the treatment of
intracranial aneurysms.'”'” However, aneurysmal rupture,
parent artery occlusion, coil migration, and so forth are still
being reported to be procedure-related complications of en-
dovascular treatment.'®"?

Thromboembolic events are one of the most frequently
seen and serious complications of endovascular treatments.
They can occur during or after the treatment: during cerebral
angiography, while introducing catheters and/or placing en-
dosaccular coils. Symptomatic or asymptomatic thromboem-
bolic events have been reported to occur in a range of 1%-78%
of cases.”'®?%*2 To prevent potential thromboembolic events,
we systemically anticoagulate patients during and after these
procedures.

This study reports a finding of focal cortical hyperattenua-
tion observed in the immediate postembolization CT scans of
patients with intracranial aneurysms, following uneventful
endovascular treatments. It is crucial to differentiate this clin-
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postprocedural medical management.

ically insignificant finding from possible hemorrhage, which
would affect a patient’s immediate postprocedural manage-
ment, such as anticoagulation and/or antiaggregant
treatment.

Methods

Focal increased attenuation was seen in the cortex immediately after
the endovascular aneurysm treatment of some patients (Fig 1). The
presence of this finding in relation to several parameters has been
evaluated in this study to enlighten the possible etiologic and patho-
genetic denominators and their clinical significance.

This study included 93 consecutive patients with a total of 100
aneurysms, which were evaluated prospectively. This study was ap-
proved by the institutional review board, and informed consent was
obtained from the patients. The protocol included brain CT exami-
nations before and just after endovascular treatments. If the post-
treatment CT showed any new abnormal finding, an additional MR
imaging examination immediately after and a repeat CT examination
4-6 hours after the initial posttreatment CT were performed.

The patients were treated with either simple coiling or balloon-
assisted techniques, including coils and/or Onyx. The patients who
were treated with parent artery occlusion, with stent only, with stent
and coils (without balloon assistance), with any endovascular meth-
ods preceding intra- or extracranial bypass surgery or who had intra-
procedural apparent aneurysm perforation, thrombus formation, or
distal emboli and major catheter-induced vasospasm were excluded
from the study. The patients who had acute or subacute infarct in the
relevant territory were also excluded. If the initial CT examination or
the control CT, in the patients with abnormal findings, could not be
obtained for any reason (ie, the patient refused the examination, fi-



nancial constraints, poor medical condition, or insufficient puncture
site control), these patients were not included. These exclusion crite-
ria were initiated to avoid any bias associated with a 1-time very brief
balloon inflation, such as in-stent placement with balloon expandable
stents, and to eliminate the effects of any apparent adverse event on
the contrast enhancement, as well as any factor that might have ob-
scured the statistical analysis.

Each patient’s age, sex, body surface area (BSA), aneurysm size
and location, corrected heparin and contrast amount, activated clot-
ting time (ACT) levels, size and duration of the microcatheter used,
and blood pressure were recorded.

Sixty-one patients were women and 32 were men. Their ages
ranged from 18 to 83 years with a mean of 52.2 years. Eighty-three of
the 100 aneurysms were treated with coils. The remaining aneurysms
were treated with either stents and coils (n = 3) by using stent bal-
loons for remodeling, by Onyx alone (1 = 8), by stents and Onyx (n =
4), or by coil and Onyx (# = 2). Seventy-four aneurysms were treated
with balloon assistance, and 26 aneurysms were treated without bal-
loon assistance.

According to the relevant parent artery territory, the aneurysms
were separated into 5 groups: internal carotid artery (ICA) (n = 39),
middle cerebral artery (MCA) (n = 25), basilar artery (n = 17), an-
terior communicating artery (AcomA) (n = 15), and others (n = 4; 1
anterior cerebral artery, 2 posterior inferior cerebellar arteries, and 1
vertebral artery). The aneurysms were between 2—-30 mm in diameter.
Two of the aneurysms were giant (=2.5 cm), 16 of them were large
(1-2.5 cm), and 82 of them were small (=1 cm). Figure 2 shows the
distribution of the aneurysms based on their location and size.

Thirty-eight patients were treated in the acute stage of subarach-
noid hemorrhage (SAH) and 20 of them had angiographically dem-
onstrated vasospasm. The other presentations included headache,
diplopia, and other mass-effect symptoms. Some aneurysms were
asymptomatic and were discovered incidentally during the evaluation
for unrelated symptoms.

The presence of AcomA and posterior communicating arteries
(PcomA) was noted for the evaluation of collateral circulation. In the
patients who presented with SAH, the presence of vasospasm was also
noted for possible cerebral blood flow compromise.

Fig 1. Small right MCA aneurysm treated with
balloon assistance (patient 51).

A, CT obtained 80 minutes after the treatment
reveals increased cortical attenuation (arrows).

B-C, Follow-up CT examinations with a 4-hour
interval; each shows partial (B) and total (C)
resolution of the cortical increased attenuation.

D, DWI image of the MR image obtained im-
mediately after the first CT (A) shows no cor-
responding abnormality.
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Fig 2. Graph shows the distribution of aneurysms according to their location and size. ICA
indicates internal carotid artery; MCA, middle cerebral artery; Acom, anterior communi-
cating artery; BA, basilar artery.

All patients underwent a complete physical and neurologic exam-
ination before and immediately after endovascular treatment. The
endovascular aneurysm treatments were performed with the patient
under general anesthesia. All patients were systemically anticoagu-
lated with intravenously administered doses of heparin to maintain
an ACT of 2-2.5 times that of the baseline value. The amount of
heparin and contrast material was taken into consideration on the
basis of administered doses per kilogram of weight.

Systolic and mean arterial blood pressures were monitored and
recorded during the procedures through arterial lines. Mean arterial
pressure (MAP) was our main parameter when evaluating hemody-
namic effects. Patients were categorized as those having MAP values
of <50 mm Hg during the procedure, MAP values of 50—100 mm Hg,
and MAP values of >100 mm Hg. Systolic blood pressures were also
monitored and changes =25% from baseline values were grouped
separately because of the possibility of significant effect on hemody-
namic status.

The microcatheters used for the catheterization of the aneurysms
were separated into 3 groups according to their distal lumen outer
diameters: 2.5F, 1.9F, and 1.7F. During the treatment of the aneu-
rysms with the balloon-remodeling technique, HyperGlide (Micro
Therapeutics) and HyperForm (Micro Therapeutics) balloons were
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used. The balloons of the stents were also used for remodeling, when
necessary, in the patients in whom an adjunctive balloon-expandable
stent was placed before coil/liquid polymer filling.

In the patients who were treated with the balloon remodeling
technique, the size of the balloon, total balloon inflation period, the
longest duration of balloon inflation at 1 time, and number of balloon
inflations were recorded.

All patients underwent preprocedural and immediate postproce-
dural brain CT scans. MR imaging examinations were performed im-
mediately after the abnormal initial CT examinations in 27 patients.
In the remaining patients with abnormal findings on initial examina-
tions, control MR images could not be obtained because of limita-
tions in their general condition and financial constraints. CT exami-
nations were performed in 2 different scanners (Tomoscan AVEI,
Philips Medical Systems, Rotterdam, the Netherlands; and Somatom
Volume Zoom, Siemens, Erlangen, Germany). MR imaging examina-
tions were performed with a 3T unit (Allegra, Siemens). A neurora-
diologist (1.S) and a radiologist (A.O.), together, evaluated these
examinations.

The pretreatment CT examinations were evaluated for hydro-
cephalus, SAH, ischemia, or infarcts relevant to the territory of the
parent artery and any other findings such as atrophy, cysts, and so
forth. On postporcedural CT scans, the presence of cortical hyperat-
tenuation was noted. This finding was categorized according to the
territory of the parent artery harboring the aneurysm (partial or total
territorial involvement) and resolution in the repeat CT was noted.

MR imaging examinations included transverse fluid-attenuated
inversion recovery (FLAIR) and gradient-echo T2-weighted se-
quences, as well as diffusion-weighted MR imaging (DWI) (single-
shot spin-echo echo-planar sequence with TR/TE, 3400/94 ms; b of 0,
500, and 1000 seconds/mm? in 3 axes; matrix, 240 X 256; field of view,
230 mm) and apparent diffusion coefficient (ADC) maps.

Statistical analyses were performed by using a Student  test, chi-
square test, logistic regression analysis, Pearson correlation tests, and
the classification and regression tree (C&RT) method, as necessary
(P <.05).

Results

The Table shows patients’ data, including demographics, pres-
ence of SAH with or without vasospasm, collateral circulation,
and procedural details in regard to the presence of the cortical
hyperattenuation findings.

On the postprocedural CT images, focal cortical hyperat-
tenuation was noted following the endovascular treatment of
49 of 100 (49%) aneurysms (Figs 1 and 3—6). This finding was
seen in CT examinations of 40 of 74 (54%) aneurysms that
were treated with balloon assistance (Figs 1, 3, 5, and 6) and 9
of 26 (34.6%) aneurysms that were treated without balloon
assistance (Fig 4). Increased cortical attenuation was confined
to the territory of the parent artery harboring the aneurysm,
partially involving the territory in 44 cases and entirely, in 5.
MR imaging examinations did not reveal any relevant lesions
in any of the patients (Figs 1 and 5), and the cortical hyperat-
tenuation resolved totally or partially in the CT scan that was
repeated 4—6 hours later (Figs 1 and 3-6). All patients were
asymptomatic.

In 1 particular patient (1%), cortical increased attenuation
coexisted with hemorrhage within the suprasellar cistern after
an uneventful procedure, despite the normal findings on the
patient’s neurologic examination (Fig 5). MR imaging con-



firmed the presence of the hemorrhage in the suprasellar cis-
tern (Fig 5E) but did not show any corresponding abnormality
in the region of cortical hyperattenuation (Fig 5F, -G). In the
control CT, the cortical hyperattenuation showed resolution,
but the appearance of cisternal SAH persisted (Fig 5C, -D).

During the procedure, nonionic water-soluble iodinated
contrast material (300 mg/dL) ranging between 1.2 and 7.9
mL/kg was used (mean, 4 mL/kg). ACT levels were maintained
at levels 2-2.5 times those (mean, 2.17) of the basal measure-
ment, both during and after the procedures. The amount of
heparin used during the procedure was between 80.7 and 500
U/kg (mean, 170.5 U/kg). The patients’ BSAs were calculated
with Mostello’s formula and ranged between 1.47 and 2.41 m?
(mean, 1.86 m?*). There was no statistically significant rela-
tionship between blood pressure changes and the presence of
focal cortical hyperattenuation findings (P > .05).

There was no statistically significant relationship between
the presence of cortical hyperattenuation and age, sex, pres-
ence of SAH and vasospasm, aneurysm location (Fig 3) and
size, and microcatheter size. However, the occurrence of cor-
tical hyperattenuation in the patients in whom the microcath-
eters with largest outer diameter (2.5F) were used was slightly
more common than in the patients in whom other catheters
(1.9F and 1.7F) were used (57.1% versus 45%).

The effect of AcomA presence on internal carotid and
AcomA aneurysm groups and of PcomA presence on basilar
artery aneurysm groups was investigated; however, the pres-
ence or absence of communicating arteries had no significant
effect on the occurrence of cortical hyperattenuation. The fre-
quency of cortical hyperattenuation was higher in the patients
in whom balloon remodeling was used (54% with balloon
remodeling versus 34.6% without balloon assistance). We
found a statistically significant relationship between the pa-
rameters listed here and the presence of cortical
hyperattenuation:

BSA. The occurrence of cortical hyperattenuation in-
creased when BSA decreased (Student ¢ test, P < .01).

Total Amount of Contrast Material per Kilogram of Body
Weight. (cutoff value, 4.37 mL/kg; C&RT method). The
amount of contrast per kilogram of body weight did not sig-
nificantly differ among the groups of patients treated with and
without balloon remodeling (Student ¢ test, P > .05). It did not
show a statistically significant relationship with the micro-
catheter time in each group (Pearson correlation test, P > .05).
The amount of contrast did not show a statistically significant
difference in relation to the number of balloon inflations
(Pearson correlation test, P > .05).

Microcatheter Time. The average microcatheter time was
68.9 minutes in the group of patients treated with balloon
remodeling and 58.3 minutes in the group with no balloon
use. However, this difference between the 2 was not statisti-
cally significant (Student ¢ test). The occurrence of cortical
hyperattenuation increased when microcatheter time in-
creased (P < .001). If microcatheter time was longer than 110
minutes, the likelihood of cortical hyperattenuation occur-
rence increased (C&RT method).

Total Balloon Inflation Time and Number of Balloon In-
flations (When Balloon Remodeling Was Used). The occur-
rence of cortical hyperattenuation increased with the increase
in the number of balloon inflations and total balloon inflation

time. This finding was present in 45.2% of the patients in
whom the balloon was inflated less than 7 times, whereas in the
group in which the balloon was inflated 7 or more times and
total balloon inflation time was less than 353 seconds, cortical
hyperattenuation occurred at a rate of 65%. However, no sta-
tistically significant relationship was found between the bal-
loon inflation duration each time the balloon was inflated and
the occurrence of cortical hyperattenuation.

Elapsed Time Until CT Was Performed. The shorter the
time that elapsed between the endovascular procedure and the
postprocedure CT examination, the more likely was the oc-
currence of cortical hyperattenuation (Fig 6).

Discussion

Endovascular treatment of intracranial aneurysms has been
found to be associated with significantly lower morbidity and
mortality rates compared with those of surgery and has gained
wide acceptance in recent years.'®*>"*° However, endovascular
treatment of intracranial aneurysms is still associated with po-
tential risks, not only due to the disease itself, when ruptured,
but also related to the treatment technique.'®'*¢”

Thromboembolic events associated with endovascular
treatment, despite their being asymptomatic in most cases, are
one of the most serious and frequently seen complications
during and after the treatment.”**>***! Anticoagulant/anti-
aggregant therapy may be recommended to prevent these
complications. Yet, anticoagulant/antiaggregant therapy has
the potential risk of intracerebral and systemic bleeding.
Moreover, one of the contraindications for anticoagulant/an-
tiaggregant therapy is procedure-related intracerebral hemor-
rhage due to aneurysm rupture or perforation. Rates of intra-
procedural aneurysmal rupture are 1.9%-16% for ruptured
aneurysms and 0%-—1.3% for unruptured aneurysms.>**”***
Minor hemorrhages may also occur during the treatment with
no apparent clinical or angiographic evidence, and it is essen-
tial to rule out any hemorrhagic event, whether clinically ap-
parent or silent, to administer the necessary medication affect-
ing the coagulation processes.

Few studies have been published regarding systematic im-
aging of patients following endovascular aneurysm treatment
in which symptomatic or asymptomatic findings were report-
ed.?>*»?*3> In this prospective study, increased cortical atten-
uation (Figs 1 and 3-6) confined to the territory of the parent
artery harboring the aneurysm was found in the immediate
postembolization CT scans of patients with intracranial aneu-
rysms after uneventful endovascular therapy. This attenuation
was observed in 49% of the patients in this series. Subsequent
MR images did not reveal any corresponding abnormality,
and cortical hyperattenuation resolved partially or totally in
the control CT scans, obtained 4—6 hours after the postproce-
dure CT scans. All of those patients were clinically asymptom-
atic, but this finding still bears clinical significance due to its
differential diagnosis from“silent” subarachnoid/intraparen-
chymal hemorrhage because it will influence the medical man-
agement of the patient.

To explain the possible underlying mechanism and related
pathophysiologic factors of the observed increased cortical hy-
perattenuation, we investigated several parameters. Statisti-
cally significant relationships were observed in the entire
group between the presence of the cortical hyperattenuation
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Fig 3. Posttreatment angiogram (A)
shows the completely occluded small
aneurysm (arrows) at the vertebrobasi-
lar junction of the fenestrated basilar
artery (patient 20). Posttreatment CT im-
age (B) reveals increased attenuation in
the posterior cerebral artery territory
bilaterally (arrow). Control CT scan (C)
obtained 5 hours after the first one
shows complete resolution of the
finding.

and increased contrast material used per kilogram of body
weight, increased microcatheter time, decreased BSA, and de-
creased time elapsed until the CT scan was obtained. In the
group of patients who were treated with balloon assistance, an
increase in both the number of balloon inflations and total
balloon inflation time increased the occurrence of cortical
hyperattenuation.

The blood-brain barrier (BBB) is impermeable to radio-
graphic contrast material under normal conditions. Transfer
of contrast material increases if BBB is disrupted or if contrast
material is overdosed or applied intra-arterially.*®*°

Incomplete continuous cerebral ischemia causes changes
in BBB permeability.*' Following a temporary period of focal
cerebral ischemia, a transient opening of the BBB occurs. This
opening recovers with time and is associated with hyperemic
cerebral blood flow. There are 2 phases of BBB opening during
reperfusion. The first phase occurs in the immediate period of
reperfusion and is due to a sudden increase in intraluminal
hydrostatic pressure, which results from the restoration of ce-
rebral blood flow to a vasculature that is maximally dilated and
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lacks tone or autoregulation. The latter phase coincides with
cellular lysis and the release of by-products, which increase
permeability.**

Reperfusion, hyperperfusion, and luxury perfusion are the
terms used to define the status of cerebral blood flow following
ischemia.*” Blood flow returns to the ischemic brain tissue in
reperfusion, and cerebral blood flow does not exceed that of
the contralateral hemisphere.** In the early stage of reperfu-
sion, extravasation of contrast material may occur as a result of
BBB permeability changes. Hyperperfusion is an increase in
cerebral blood flow relative to the control values. Early hyper-
perfusion of brain tissue after ischemic stroke is reported to be
harmless and, in most cases, is followed by complete and rapid
clinical recovery, with a lack of gross infarction on histopatho-
logic examination.*’ Niels Lassen*® defines classic “luxury per-
fusion syndrome” as “an excessive cerebral blood flow relative
to the metabolic needs of the brain tissue with abnormally
small cerebral arteriovenous difference of oxygen.” After a pe-
riod of vascular arrest, the blood flow is temporarily increased
above the resting level in all tissues. A few minutes of hypoxia
are followed by reactive hyperemia lasting hours, and the hy-
peremia lasts much longer than would be needed to re-oxy-
genate the brain.*” Early reperfusion may prevent infarct
growth but also may aggravate edema formation and hemor-
rhage, resulting in further neuronal damage, so-called reper-
fusion injury.*’

In our study, the immediate occurrence of cortical hyper-
attenuation and the absence of both clinical symptoms and
fast resolution were different from enhancement patterns that
were seen in the ischemia. Moreover, MR imaging, DWI in
particular, did not show any corresponding acute ischemic
lesion.

Statistically significant parameters (ie, increase in the num-
ber of balloon inflations and total balloon inflation time in
patients who were treated with balloon assistance and increase
in the microcatheter time) suggested that cortical hyperat-
tenuation may have resulted from the temporary compromise
of the cerebral blood flow. Following this intraprocedural
ischemia, blood flow might show reactive increase and cause
secondary BBB changes with subsequent contrast extravasa-
tion. Despite the fact that it occurred more often in the group
treated with balloon remodeling (54% with balloon remodel-
ing versus 34.6% without balloon remodeling), this study did
not statistically reveal a direct relationship between the bal-
loon remodeling technique and this finding. This may have
been due to the difference in the number of patients treated
with and without balloon remodeling technique. Additionally,
microcatheterization, only, may have caused incomplete but
continuous cerebral ischemia during the treatment in the
group with no balloon assistance.

There was also a statistically significant relationship be-
tween the amount of contrast material used per kilogram of
body weight and the occurrence of cortical hyperattenua-
tion. Another fact was that this finding was confined to the
arterial territory of the selective microcatheterization, in
which selective contrast injections were made. These obser-
vations were in agreement with the knowledge that intra-
arterial injection or contrast overdose results in BBB dis-
ruption and subsequent contrast extravasation.’®** An
inverse relationship with BSA was noted in this study, and it



Fig 4. Small MCA aneurysm treated with no balloon assistance (patient 21). A, CT images obtained 38 minutes after the treatment reveal increased cortical attenuation in the left frontal
region (arrows). Control CT examination (B) shows resolution of the finding.

Fig 5. A-B, CT examinations performed 53 minutes after the endovascular treatment of the right MCA aneurysm by using a remodeling technique. Patient 60 shows blood within the
suprasellar cistern (A) in addition to increased cortical attenuation (arrows) in the right frontal region (B). C-D, Follow-up CT scans obtained after 6 hours demonstrated the persistence
of blood appearance within the suprasellar cistern (C) and complete resolution of the cortical hyperattenuation (D). £-G, FLAIR (£ and F) and DWI (G) of MR images obtained after the
first CT examination confirm the presence of blood (arrows) within the cisterns (£) with no MR imaging abnormality in the region of cortical hyperattenuation (F and G).

Fig 6. Early (A) and late (B) postembolization CT scans of the patient who had a large ICA aneurysm (patient 8). CT scan obtained 45 minutes after the procedure (A) shows very prominent
hyperattenuation in the ipsilateral cortex, resolving totally in the control CT scan obtained after 6 hours (B).

was most likely related to the increased use of contrast ma-  this finding and the elapsed time until the initial posttreat-
terial per kilogram of body weight. Moreover, a significant ~ ment CT was obtained, so that the more time elapsed, the
inverse relationship was found between the occurrence of  less frequent the finding occurred. This implied the pro-
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gressive washout of excessive iodine from the parenchyma,
which was also evidenced by the finding being resolved in
the control CT 4-6 hours later.

Evaluating the BBB changes following temporary and per-
manent ischemia in an experimental model, Kastrup et al*®
showed gadolinium enhancement in the ischemic paren-
chyma and nearby ventricular wall, as well as ischemic changes
on MR imaging with DWT and reperfusion findings on perfu-
sion MR imaging, following 1 hour of MCA occlusion in rats.
Michel et al*” reported contrast enhancement in the subarach-
noid spaces or pial surfaces in the patients who underwent
balloon test occlusions of the ICA. These patients also showed
abnormal perfusion maps indicating subclinical ischemia with
no corresponding DWI abnormalities.*” This enhancement
was hypothesized to account for contrast extravasation into
the CSF, leakage across damaged endothelial cells of pial ves-
sels following the ischemic events.*” In our study, MR imaging
examinations were noncontrast studies and did not include
perfusion series. However, when considering the direct rela-
tion between the number of balloon inflations, total duration
of balloon inflation, microcatheter time, and the occurrence of
cortical hyperattenuation, we may still hypothesize that sub-
clinical ischemia may have occurred, which resulted in BBB
changes with subsequent contrast enhancement of the cortex
on CT.

SAH is another factor that may affect BBBs in the patients
who had intracranial aneurysms treated with endovascular
means. A retrospective study reported pathologic contrast en-
hancement in nearly two fifths of patients with acute SAH on
contrast-enhanced cranial CT.*® It was also shown that this
enhancement may have resulted not only from hyperemia but
also from extravasation of contrast material due to BBB dis-
ruption. Vasospasm after SAH may also cause ischemia.*® Yet,
we could not find a statistically significant relationship be-
tween cortical hyperattenuation and the presence of SAH or
vasospasm in our study group.

Aging is associated with changes in BBB,*® including loss of
capillary endothelial changes, elongation of remaining endo-
thelial cells, and decreased capillary diameter. In our study, we
did not find a significant relationship between patient age and
the occurrence of cortical hyperattenuation.

BBB permeability is increased in spontaneous hyperten-
sion as a result of transient ischemia.”>' In our study, all pa-
tients were treated under general anesthesia, and their systolic
and mean arterial blood pressures were monitored. All pa-
tients, even those with prior hypertension, remained normo-
tensive during the procedure, and no relationship was found
between the presence of cortical hyperattenuation and blood
pressure changes.

Intraventricular and parenchymal contrast enhancement
have been reported after conventional angiography.’”>%%
Overdose of contrast material may cause BBB disruption, re-
sulting in diffuse cortical hyperattenuation and increased at-
tenuation of intraventricular CSF, which may mimic
SAH.>**%%2 CSF and brain parenchyma enhancement associ-
ated with transient cortical blindness have been reported as
complications of angiography, which were attributed to the
neurotoxic effects of contrast material on BBB.””** In our
study, all of the patients were asymptomatic, and MR imaging,
including DWI series, did not show any abnormality. There-
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fore, we considered that contrast-related neurotoxicity was
unrelated to the cortical hyperattenuation we observed.

Wilkinson et al** reported abnormal leptomeningeal en-
hancement in the ipsilateral cerebral hemisphere on MR im-
aging after successful carotid stent placement in 11 of 12
asymptomatic patients. Following the intervention, with the
increase in the flow, leptomeningeal collateral vessels dilated
in the absence of compensatory autoregulation, causing con-
trast enhancement. This series differs from ours in that there
was obvious flow compromise as the baseline status in their
group of patients.

In a very recent case report, long after the completion of
our data collection, a very similar observation was reported in
a case of ruptured AcomA aneurysm by Uchiyama et al.>
Their single case showed increased attenuation in the ipsilat-
eral ICA territory, in which the guiding catheter was placed,
both in the cortex and basal ganglia. No balloon assistance was
used. Their case differs from ours in that their patient had
neurologic deficit, though transient. They measured increased
iodine concentration in the CSF with spectrophotometry.

Conclusion

To summarize, we report a transient finding of cortical hyper-
attenuation seen after apparently uneventful endovascular
treatment of intracranial aneurysms, most likely resulting
from some degree of BBB disruption that resulted in accumu-
lation of contrast medium. Significant relationship was found
between the occurrence of this finding and the amount of
contrast material used per kilogram body weight, the micro-
catheter time, the number of balloon inflations, the total time
period of balloon inflation, and an inverse relation with the
time elapsed until the CT was performed. Relatively increased
amounts of contrast material injected intra-arterially in a se-
lective territory and transient changes in brain hemodynamics
(ie, flow compromise with subsequent reperfusion during the
endosaccular packing) may have resulted in BBB disruption.
Although no symptoms occurred in association with the ob-
served cortical hyperattenuation, we believe that it is impor-
tant to recognize this condition because it can mimic SAH (Fig
6), which may cause unnecessary intimidation and delay in
anticoagulant/antiaggregant treatment.
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