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Summary: Few reports of temporary disruption of the
blood-brain barrier (BBB) following neurointerventional
procedures, presumably caused by nonionic radiographic
contrast medium (CM), exist in the literature. We de-
scribed such a case in a 72-year-old man presenting with
acute subarachnoid hemorrhage, who underwent coil em-
bolization of a ruptured anterior communicating artery
complex aneurysm. At the time of his follow-up CT exam-
ination, a large amount of iodine was found in the cerebro-
spinal fluid (CSF). Because of this experience, the iodine
concentration in the CSF of five other patients who also
underwent an intracranial endovascular procedure was
measured. It was concluded that this increased iodine
might have been caused by temporary leakage or break-
down of the BBB. Even if the total amount of CM may not
be excessive, the disproportionately high concentration in-
jected into a single vascular territory may pose a unique set
of variables increasing the risk of BBB disruption.

Nonionic iodinated contrast medium (CM) is
widely used for cerebrospinal angiography and intra-
vascular neurointerventional procedures. The fre-
quency of serious side effects thought to be caused by
CM has been reported to be a relatively rare occur-
rence (1–4). Several clinical cases with minor compli-
cations suspected to be related to nonionic CM, how-
ever, have been reported previously. CT findings of
abnormal enhancement in the cerebral cortex follow-
ing angiography have been reported; abnormal imag-
ing findings coincide with temporary neurologic def-
icits attributable to disruption of the blood-brain
barrier (BBB) and have been thought to be related to
the use of nonionic CM (1–3, 5–7).

Case Report

A 72-year-old male patient initially experienced the rapid
onset of a severe headache. Over the following day, his head-
ache became progressively more severe, so that the patient
presented to an outside hospital. After the diagnosis of sub-
arachnoid hemorrhage was confirmed on the basis of CT find-
ings, the patient was transferred to our hospital (Fig 1A).
Routine transfemoral digital subtraction angiography (DSA)
was performed. During angiography, a ruptured anterior com-
municating complex aneurysm was identified. The saccular
aneurysm carried a daughter dome, and the aneurysm overall
measured 4 � 4 � 7 mm. At the time of diagnosis, the geom-
etry of the aneurysm was judged to be suitable for either
surgical or endovascular treatment. Both options were offered
to the patient’s family, who chose endovascular treatment con-
sisting of Guglielmi detachable coil (GDC) placement. A 6F
cerebral guiding catheter was placed in the left internal carotid
artery via a transfemoral approach. The interventional proce-
dure was performed under general anesthesia. Although an
intravenous loading bolus of heparin was not administered, all
catheters and the introducer sheath were connected with the
continuous antegrade heparinized saline flush, with control and
monitoring of the activated clotting time used to oversee the
amount of administered heparin. We used a total of 260 mL of
nonionic CM (Iopamidol 300 mgI/mL; 600–700 mOsm/kg) for
both the diagnostic and interventional portions of the proce-
dure over an approximate 4-hour course. Postoperative control
angiography showed total occlusion of the aneurysm sac, and
the patient’s vital signs remained stable during embolization.
The volume of CM (�180 mL) was administered into the left
internal carotid artery; this was the vessel through which the
aneurysm was treated. The aneurysm coil embolization was
performed under continuous road mapping, and at no point
during the procedure was there demonstrated excursion of the
microcatheter, coil mass, or microwire outside of the confines
of the vascular compartment to imply perforation. Similarly, at
no time during the embolization was CM staining appreciated.
Immediate postprocedural CT was performed, and this study
demonstrated marked enhancement throughout the left cere-
bral cortex and left basal ganglia, with concordant diffuse
swelling of the left cerebral hemisphere (Fig 1B). CT did not
demonstrate any appreciable increase in the amount of the
subarachnoid hemorrhage. At this time, a lumbar drainage
catheter was placed, and a representative sample of the pa-
tient’s CSF was obtained and sent for CSF analysis. The CSF
was pink in color and did not contain fresh, gloss blood. Gen-
eral anesthesia was ceased, and the patient demonstrated new
deficits consisting of right hemiparesis and slight motor apha-
sia. The diagnosis at this point included BBB disruption due to
CM. Follow-up CT was performed approximately 11 hours
after the first CT examination, with only residual swelling of the
left cerebral hemisphere shown on the new comparison CT
scan with interval resolution of the region of high attenuation
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FIG 1. A 72-year-old man presented with subarachnoid hemorrhage secondary to a ruptured anterior communicating artery complex
aneurysm. The patient underwent primary endovascular coil treatment of the aneurysm to occlusion.

A, Pretreatment CT scan showing hyperattenuated area mainly in the right Sylvian fissure (arrow).
B, Postprocedural CT scan, obtained 1 hour after the procedure, demonstrating extensive gyriform enhancement of the cerebral

cortex, significantly greater on the left (arrowhead).
C, Follow-up CT scan, obtained 11 hours after the procedure, demonstrates resolution of the previously demonstrated gyriform

cortical enhancement, with only slight diffuse vasogenic edema shown in the left cortical mantle.
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and enhancement (Fig 1C). The neurologic symptoms resolved
in the postprocedural week, and the patient was discharged
from our hospital without residual neurologic deficits 2 weeks
later.

Patients and Methods
We described our single case in which an abnormally in-

creased measured iodine concentration in the CSF was noted.
The measurement of the elevated iodine concentration in our
patient’s CSF was performed with spectrophotometry, follow-
ing centrifugation and filtration of the CSF after performing
protein removal processing in 0.5 N-perchlorate acid (8, 9).
Following our initial experience with the above-described pa-
tient, we performed similar iodine concentration assessments
with the CSF of four consecutive patients who similarly under-
went interventional procedures following subarachnoid hemor-
rhage (Table).

The spectrophotometrically determined iodine content in
the CSF of our discussed patient was 0.14 mgI/mL and de-
creased to 0.02 mgI/mL 2 days later. Following our experience
with the described patient, we obtained CSF of four additional
patients undergoing uncomplicated coil embolization in our
hospital (Table). They did not demonstrate any similar neuro-
logic events or abnormal CT findings postprocedurally, which
would have implied BBB alteration. As a result, it was recog-
nized that our above-described patient showed an exceedingly
high concentration of CSF iodine when compared with the
other four patients (Fig 2).

Discussion
Following cerebral angiography or cerebroarterial

embolization, there have been rare reports of CT
findings of abnormal enhancement of the cerebral
cortex, in addition to temporary neurologic deficits

due to disruption of the BBB related to nonionic CM
(5, 6, 10). In the presented patient demonstrating the
described hyperattenuating cortical CT abnormality,
it was shown that the CSF included a large quantity of
iodine. This high concentration of iodine may repre-
sent supportive evidence of temporary leakage or
breakdown of the BBB, especially when considered in
concert with the regionally referable reversible neu-
rologic syndrome that ultimately resolved completely.
There was no sign of cerebral ischemia, such as was
proved by a recent report that showed no abnormality
on diffusion-weighted MR images (1, 2).

According to the previous related literature, such
findings have been explained on the basis of tempo-
rary disruption of the BBB by hyperosmolality and
chemotoxicity of CM (3–21). The alteration of the
BBB by the CM can be explained osmotically; it is
hypothesized that hypertonic solutions draw water
out of the endothelial cells of brain vessels, causing
the cells to shrink and separating the tight junctions
(14). The severity of the barrier disturbance is ques-
tionably related to the chemotoxic action (15). Alter-
natively, other reports explain the BBB breakdown on
the basis of microvascular sludging and possibly arte-
rial spasm (7, 11, 20, 22). In two instances, BBB
disruption has been observed in cases performed with
hypertonic nonionic CM, with solution of higher vis-
cosity than blood, which is thought to be a conse-
quence of an acute hypertensive episode during an-
giography (6, 16). Additional contributory variables
have been hypothesized; direct administration or
overdosage into the carotid arteries in high concen-

FIG 2. The comparison of iodine contents in CSF for the five
cases. Patient 1 (†) is the presented case.

Patient characteristics

Case Age Sex Location
H&K

Gradea

Fisher’s
Groupb Hctc (%)

Blood Pressured

(max/min)
Operation

Time (min)
Total Amount
of CM (mL)

1. 72 M AcomA* 2 2 39.6 140/81 140 190
2. 51 F AcomA 3 3 35.2 115/68 184 160
3. 41 M AcomA 3 4 34.5 120/74 170 190
4. 17 M IC-PC** 5 4 42.9 155/99 193 220
5. 47 F AcomA 4 3 36.3 160/80 220 180

a, Hunt & Kosnik classification; b, Fisher’s CT classification; c, Hematocrit; d, Maximum measurement during an operation; *, anterior
communicating artery; **, internal carotid artery-posterior communicating artery.
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tration, associated with an increased CM bolus transit
time with a prolonged duration of contact with the
endothelium, has been related to disruption of the
BBB, with associated severe neurologic side effects
(11, 14, 23).

In neurointerventional procedures, the CM is in-
jected frequently into a single vessel. As such, even if
the total amount of CM is not excessive, these respec-
tive injections may be a causative factor in BBB dis-
ruption. It is clear that the analysis of BBB break-
down is complex, multifactorial, and clinically
significant. The challenge in more fully explaining the
variable contributions to BBB breakdown may there-
fore hinge, to a large degree, on carefully controlled
experimental studies.
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