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Abstract

Contrast-induced encephalopathy is a very rare complication associated with endovascular treatment of
intracranial aneurysms. Patients with renal dysfunction may be prone to developing contrast medium
neurotoxicity as a result of delayed elimination of the contrast medium in renal metabolism. This article
focuses on our experience with contrast-induced encephalopathy in patients with end-stage renal disease
requiring hemodialysis. The authors retrospectively reviewed five patients diagnosed with contrast-induced
encephalopathy who underwent aneurysm coil embolization at their institution from January 2006 to
December 2015. During the 10-year period, embolization was performed in 755 cases, among which
contrast-induced encephalopathy occurred in five patients (0.66%). Three of the five patients were
undergoing dialysis for chronic renal failure (one male and two female; mean age 66.7). Embolization for
hemodialysis patients was performed in eight during the same period and the incidence of contrast-induced
encephalopathy in hemodialysis patients is quite high in our series (3 of 8; 38%). Procedures were performed
in one for recurrence of unruptured anterior-communicating artery aneurysm and in two for unruptured
basilar-tip aneurysm. Mean approximately 220 ml of contrast media was used among three hemodialysis
patients. All three patients showed an improvement or a control in symptoms soon after hemodialysis. Recov-
ery of neurological symptoms was complete in two and almost normal in one within 1 week after inter-
vention. Contrast-induced encephalopathy should be kept in mind as an expected complication of aneurysm
embolization in hemodialysis patients. In hemodialysis patients with contrast-induced encephalopathy,
performing hemodialysis is an effective treatment to improve symptoms early.
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Introduction

Contrast-induced encephalopathy is a very rare
complication associated with endovascular treatment
of intracranial aneurysms. The condition often arises
in the occipital lobe with visual disturbance, but
can also develop in other areas of the brain and,
depending on the affected site, may cause various
neurological abnormalities.? While symptoms are
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often temporary and reversible, some reports have
described cases in which permanent symptoms
remained.’® It is thought that the mechanism
involves the contrast medium passing through the
blood-brain barrier and leaking into the brain tissue,
thereby causing neurotoxicity.*® This report focuses
on contrast-induced encephalopathy in hemodialysis
patients.

Materials and Methods

In the present study, we retrospectively reviewed five
patients diagnosed with contrast-induced encepha-
lopathy who underwent intracranial aneurysm coil
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embolization including parent artery occlusion at our
institution during the 10-year period from January
2006 to December 2015. We did not perform the
intervention for the patients with markedly reduced
kidney function to avoid precipitating end-stage renal
disease induced by contrast medium but performed
for those with chronic renal failure already main-
tained on regular hemodialysis. We usually tried
to reduce the dose of contrast for the patients with
moderate to severe renal insufficiency although we
did not consider for hemodialysis patients. We used
a nonionic iodinated contrast medium and routinely
used iopamidol for intervention unless allergy or
hypersensitivity for it in the patient. Imaging including
control angiogram, rotational angiogram and angio-
gram in working projection) was performed with the
contrast medium injected as an undiluted solution
using an injector prior to insertion of the microcath-
eter and upon completion of embolization. During
coil embolization, the contrast medium was diluted
to approximately 2:1, and injection was manually
performed. Patients diagnosed with contrast-induced
encephalopathy were selected and examined from
the clinical database in our department. Diagnosis of
contrast-induced encephalopathy was made on the
basis of postoperative neurological deteriorations and
image findings in the computed tomography (CT)/
magnetic resonance imaging (MRI) study excluding
thromboembolic or hemorrhagic complications. We
regarded cortical contrast enhancement and edema-
tous change in affected site as characteristic image
findings. Informed written consent was obtained
from all the patients and/or their guardian(s).

Results

During the 10-year period, coil embolization was
performed in 755 cases (694 with unruptured
aneurysm and 61 with ruptured aneurysm), among
which contrast-induced encephalopathy occurred in
five patients (0.66%). The subject sample included
two male and three female patients with a mean
age of 64.2 years. All five patients underwent the
intervention for unruptured intracranial aneurysm
and incidence rate was 0.72% (5 of 694 patients
with unruptured aneurysm). We carefully reviewed
the clinical records, yet patients with ruptured
intracranial aneurysm were not diagnosed as
contrast-induced encephalopathy (it was not for
sure but diagnosis might be difficult in ruptured
aneurysms because of poor clinical condition and
influence of subarachnoid hemorrhage in imaging).
Contrast-induced encephalopathy was not observed
after diagnostic angiogram for intracranial aneu-
rysms during the same period. The aneurysm

location was anterior circulation in two patients,
and posterior circulation in three patients. All
five patients had concurrent hypertension. The
mean dose of contrast medium was approximately
250 ml. The contrast used was iopamidol in four
patients, and iodixanol in one patient. Two of
them without hemodialysis did not have severe
renal dysfunction. Three of the five patients were
undergoing dialysis for chronic renal failure (one
male and two female; mean age 66.7).

Embolization for hemodialysis patients was
performed in 8 (1 with ruptured and 7 with
unruptured aneurysms) during the same period
(8 of 755; 1.1% of embolization cases) and the
incidence of contrast-induced encephalopathy
in hemodialysis patients is 38% (3 of 8) in our
series. Two of three had the history of polycystic
kidney disease. Procedures were performed in one
for recurrence of unruptured anterior communi-
cating artery aneurysm and in two for unruptured
basilar-tip aneurysm. Mean dose 220 ml of contrast
media was used. They showed an improvement or
a control in symptoms soon after hemodialysis.
Recovery of neurological symptoms was complete
in two and almost normal in one within 1 week
after intervention. Contrast-induced encephalopathy
in the hemodialysis and the non-hemodialysis
patients were summarized in Table 1.

Representative Cases

Case 1

The case subject was a 63-year-old woman
with an unruptured anterior communicating artery
aneurysm. The patient had the medical history of
polycystic kidney disease and hypertension. Hemo-
dialysis initiated five years previously for chronic
renal failure caused by polycystic kidney disease.
An unruptured anterior communicating artery aneu-
rysm was detected during screening for dementia.
The subject had undergone the first coil emboliza-
tion eight years ago (three years prior to the start
of hemodialysis), and the second coil embolization
four years ago (one year after the start of dialysis).
However, on both occasions the subject progressed
with no perioperative complications. In addition,
three-dimensional CT angiography performed using
contrast medium one month before this interven-
tion did not indicate neurological symptoms.
Hemodialysis was performed on the day prior to
embolization. A guiding catheter was inserted into
the left internal carotid artery and the left and
right anterior cerebral arteries were delineated by
left internal carotid angiogram. The size of aneu-
rysm was approximately 6 mm (Figs. 1A and 1B).
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Stent-assisted coil embolization was performed,
and the procedure was completed without any
intraoperative complications (Fig. 1C). Iodixanol
270 mgl/ml (Visipaque 270; Daiichi Sankyo, Tokyo,
Japan) was used as the contrast medium at a dose
of approximately 210 ml. Immediately after treat-
ment, partial paralysis was observed in the left
limbs, with moderate paralysis observed in the
left leg. Post-treatment CT revealed a high-density
area along the sulcus of the bilateral frontal lobes
(Figs. 1D and 1E). Diffusion-weighted image (DWI)
of MRI performed 3 hrs after treatment revealed
a faint hyper-intense area in the bilateral frontal
lobe (Figs. 1F and 1G). The patient was treated with
dexamethasone because we routinely used steroids
postoperatively (6.6 mg twice a day). However, the
day following intervention the paralysis in the left
limbs progressed and became severe. Moreover,
the patient experienced a generalized convulsion.
Head CT performed 20 hrs after treatment revealed
a residual high density area along the bilateral (domi-
nantly right) frontal lobes with edematous changes
(Figs. 1H and 1I). On the day following intervention,
hemodialysis was performed as initially planned.
After hemodialysis, the left-sided paralysis improved.
The paralysis then improved further after performing
hemodialysis a second time postoperatively day 3
after intervention. On day 7 after intervention, only
mild paralysis of the left arm persisted, and the
subject was discharged from hospital. The patient
had neurological improvement after discharge and
recovered to normal at one month follow-up in
outpatient clinic.

Case 2

The subject was a 74-year-old man with an
unruptured basilar tip aneurysm. The patient had
the medical history of diabetes, hypertension, liver
cirrhosis and mitral insufficiency. Hemodialysis
was initiated 10 years previously for chronic renal
failure caused by diabetic nephropathy. The unrup-
tured cerebral aneurysm was identified during brain
health screening.

Hemodialysis was performed the day prior
to embolization. A guiding catheter was placed
into the left vertebral artery. The aneurysm was
approximately 9 mm in size (Fig. 2A). Coiling of
the aneurysm was performed using the double cath-
eter technique and the procedure was completed
without any intraoperative complications (Fig. 2B).
Iopamidol 300 mgl/ml (Iopamiron; Bayer Yakuhin,
Osaka, Japan) was used as the contrast medium
at a dose of approximately 160 ml. Immediately
after intervention the subject exhibited headache
and vomiting, but there were no focal neurologic
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symptoms observed. The patient was treated with
dexamethasone for postoperative routine use.
However, several hours after intervention, the
subject developed visual disturbance due to visual
field defect, and mild disturbance of conscious-
ness was observed. The day following interven-
tion, the disturbance of consciousness progressed
further. Head CT acquired the day after interven-
tion revealed marked left side-dominant contrast
medium residue in the bilateral occipital lobes
and thalamus with edematous changes (Figs. 2C
and 2D). At this point in time, contrast-induced
encephalopathy was diagnosed, and hemodialysis
was quickly performed. Immediately after dialysis,
the disturbance of consciousness almost completely
disappeared, but the visual disturbance remained.
After performing dialysis on the second consecu-
tive day after intervention, the visual disturbance
almost entirely disappeared. MRI DWI acquired
two-day after intervention revealed a hyper-intense
area along the sulcus of the left occipital lobe, and
faint hyper-intensity in the left thalamus (Figs. 2E
and 2F). One week after intervention, the subject
was discharged from hospital without sequelae.

Discussion

Possible mechanism of contrast-induced
encephalopathy

Contrast-induced encephalopathy is a very rare
complication associated with the endovascular
procedure, especially in cerebral angiogram, as well
as other vessel angiograms. Although the detailed
mechanism of contrast-induced encephalopathy is
not understood, it is thought that the repeated injec-
tion of the contrast medium into the same vessel
causes the blood-brain barrier to disrupt, resulting
in leakage of the contrast medium into the brain
tissue, which causes neurotoxicity and various
neurological abnormalities.*”

Image findings of contrast-induced encephalopathy

Typical image findings in head CT performed
immediately after treatment include enhancement
effect in the cortical areas of the brain with edema.
Findings in MRI have not been frequently reported.
These include abnormal T2, fluid attenuated inver-
sion recovery (FLAIR) and/or DWI hyper-intensities
in the affected cortices although sometimes these
lesions may be subtle.”’ In this study, 8 except 1
patients with contrast-induced encephalopathy
demonstrated typical image findings of CT, that was,
cortical enhancement with edema. And remaining
one presented abnormal findings in MRI because
CT was skipped for detailed examination.
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Table 1 Cases of contrast-induced encephalopathy in hemodialysis and non-hemodialysis patients
The right half of Table 1 is on page 645.

Cause of Site of
Duration of ~ Stage Previous aneurysm Size of
Case renal . . . . . Endovascular
Age Sex . hemodialysis of  Past history intervention (ruptured or aneurysm
no. failure and : procedure
. . (year) CKD or angiogram unruptured, (mm)
hemodialysis .
right or left)
Hemodialysis patients
1 63 F Polycystic 5 5  Hypertension Coil Anterior 6 Stent-assisted
kidney embolization communicat- coiling
(twice) ing artery
(4-year and  Unruptured
8-year
previously)
2 74 M Diabetes 10 5  Hypertension None Basilar-tip 9 Coiling with
mellitus Liver cirrhosis Unruptured double
Mitral catheters
insufficiency
3 63 F Polycystic 4 5  Hypertension None Basilar-tip 12 Balloon-assisted
kidney Angina Unruptured coiling
Gastric ulcer
Non-hemodyalysis patients
4 70 F NA NA 2 Hypertension None Posterior 11 Stent-assisted
(eGFR cerebral coiling
67.0) artery (P2)
Unruptured,
Left
5 51 F NA NA 2 Hypertension Coil Internal 8 Stent-assisted

(eGFR embolization carotid coiling
79.7) 1-year artery (C4)
previously  Unruptured,
Left

CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate, NA: not applicable.

Contrast-induced encephalopathy and usage of
contrast medium

While one cause is thought to be higher osmolality
of the contrast medium than the blood, contrast-
induced encephalopathy also arises with the use
of iodixanol, a low osmolality contrast medium
with osmolality approximately that of physiological
saline.”® Wilcox et al. reported that in an animal
experiment, iodixanol and iopamidol exhibited the
same ability to cross the blood-brain barrier.” In
the present study, contrast-induced encephalopathy
occurred with the use of iodixanol in patient 1 and
iopamidol in others. The osmolality of iopamidol
to physiological saline was approximately 3:1. In
terms of contrast medium used, while some reports
describe the case with low doses,!”® many suggest
that event is associated with the injected dose of
the contrast medium and the number of injec-
tions.!*"'® Uchiyama et al. reported that blood-brain
barrier dysfunction is affected by the injection of
high concentrations, low temperatures and repeated
injections with short interval into the same blood

vessel.’ In this study, the mean dose of contrast
medium was approximately 250 ml (mean 220 ml
in hemodialysis and 285 ml in non-hemodialysis
patients). Excessive use of contrast medium was one
of the factors in the development of encephalopathy
in our series.

Risk factor of contrast-induced encephalopathy

Risk factors for contrast-induced encephalopathy
include hypertension and renal dysfunction.!®!*
With regards to hypertension, it is thought that
the blood-brain barrier is affected by a decline in
blood vessels’ autoregulation. All of the patients
that we treated had a history of hypertension and
hypertensive encephalopathy was possibly one of
the differential diagnoses.

It is possible that patients with renal dysfunc-
tion may be prone to developing contrast medium
neurotoxicity as a result of delayed elimination
of the contrast medium in renal metabolism. It
also appears that because hemodialysis patients
do not eliminate the contrast medium outside the
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Table 1 Cases of contrast-induced encephalopathy in hemodialysis and non-hemodialysis patients

The left half of Table 1 is on page 644.

First Clinical

Type of Dose of Slt%?f Clinical Region hemodialysis improvement mRS at m? S 1&1 t
contrast contrast - guiding symptom involved after after discharge na
(ml) catherter . . . follow-up
intervention hemodyalysis
Iodixanol 210 Internal Hemiparesis  Frontal lobe = Next day Yes
(Visipaque270) carotid Convulsion (Bilateral)
arery
(Left)
Topamidol 160 Vertebral Blindness Occipital lobe Next day Yes
(Iopamilon300) artery Consciousness (Bilateral)
(Left) disturbance Thalamus
(Left)
Topamidol 300 Vertebral Blindness Occipital lobe Same day Yes
(Iopamilon300) artery (Bilateral)
(Left)
Iopamidol 270 Internal  Blindness Frontal (Left), NA NA
(Iopamilon300) carotid Hemiparesis Parietal (Left),
artery Agnosia and Occipital
(Left) lobe (Left)
Iopamidol 300 Internal  Hemiparesis  Frontal lobe =~ NA NA
(Iopamilon300) carotid Aphasia (Left)
artery Consciousness Parietal lobe
(Left) disturbance (Left)

body through the urine, toxicity from the contrast
medium may be delayed. There are a few reports
of contrast-induced encephalopathy in patients
with dialysis and severe renal impairment®°-2
although three out of five of the contrast-induced
encephalopathy cases that we experienced were
hemodialysis patients. In our limited number of
series, the incidence of contrast-induced encepha-
lopathy following embolization of intracranial
aneurysm in hemodialysis patients is quite high.
Embolization for the patients with severely reduced
kidney function is usually avoided because of
precipitating further deterioration of renal function
induced by contrast medium although it would be
performed for the patients already maintained on
regular hemodialysis. Although severe renal failure
is high risk for contrast-induced encephalopathy,
it actually matters in hemodialysis patients.

Treatment for contrast-induced encephalopathy
Treatment for contrast-induced encephalopathy

varies depending on the report, and remains contro-

versial. As symptoms often improve in a few days
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with follow-up observation, conservative treatment
is generally administered. Hydration and pharmaco-
therapy are commonly performed.'-3810112122) Steroids
are the most-used drug for pharmacotherapy. While
steroids are used for the purpose of improving
cerebral edema, their therapeutic effects are expected
to be achieved through stabilizing the blood-brain
barrier. Because we routinely use steroid after coil
embolization for several days and therefore, steroids
were administered for all five patients with contrast-
induced encephalopathy. Mannitol is another type
of drug used to treat the condition.'*'422 Mannitol
is a hyperosmotic diuretic and used for the purpose
of improving cerebral edema although we did not
use mannitol in this series. However, the effect is
limited among the hemodialysis patients because
of anuria/oliguria from renal impairment. Mannitol
opens the blood-brain barrier but it could conversely
induce contrast medium into the brain tissue due
to delayed metabolism. The use of mannitol just
during hemodialysis is worth considering but is not
recommended in the daily use for contrast-induced
encephalopathy.
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Fig. 1 Case 1. Left internal carotid angiogram demonstrating recurrence of anterior communicating artery
aneurysm (A: three-dimensional reconstruction angiogram and B: conventional angiogram). C: Angiogram
acquired after embolization by a stent-assisted technique showing complete occlusion of the aneurysm.
D and E: Non-contrast head CT acquired immediately after embolization revealed a cortical contrast enhance-
ment along the sulcus of the bilateral frontal lobes. F and G: Diffusion-weighted image of MRI performed
3 hrs after treatment showing a faint hyper-intense area in the bilateral frontal lobes. H and I: Non contrast
CT performed 20 hrs after treatment demonstrating a residual cortical enhancement in the bilateral frontal

lobes with edematous changes.

Hemodialysis and contrast-induced encephalopathy

The half-life of contrast medium in the blood of
patients with normal renal function is approximately
2 hrs. In patients with severe renal dysfunction,
however, it is approximately more than 16 hrs.?*?% In
hemodialysis patients, it is more prolonged. In this
series, cortical enhancement with edematous changes
was still remained even one day after intervention
(cases 1, 2). It would be better to limit the dose of
contrast medium during intervention in hemodialysis
patients. Hemodialysis is useful for the removal of
the contrast medium from the blood, with approxi-
mately 80% of the contrast medium having been
removed within 4 hrs.?*?% In past case reports of
contrast-induced encephalopathy, including patients
undergoing hemodialysis and those with severe renal
dysfunction, there have been cases where symptoms
were improved by hemodialysis.>'¥ All of three of
our patients showed an improvement or a control in
symptoms after hemodialysis. Hemodialysis excretes
the contrast medium and lowers the serum concen-
tration. Therefore, the contrast medium leaked into
the brain tissue is transferred to the blood, resulting
in recovery from neurotoxicity. Dialysis disequilib-
rium syndrome is a rare but serious complication
of hemodialysis?® and pathophysiology concerning

this syndrome should be kept in mind. It presents
neurological symptoms caused by cerebral edema
attributed to an osmotic gradient between the brain
and the blood as a result of rapid removal of urea
by hemodialysis. Phenomenon like this syndrome
could deteriorate cerebral edema due to contrast-
induced encephalopathy by performing hemodialysis.

While the effectiveness of hemodialysis for
the prevention and treatment of contrast-induced
nephropathy has not been proved,??® hemodialysis
is an effective treatment method for contrast-induced
encephalopathy in patients with severe renal dysfunc-
tion. Contrast-induced encephalopathy could present
with severe neurological symptoms and permanent
neurological symptoms could remain and hemo-
dialysis should be considered as it can work to
quickly remove the contrast medium in the blood.

Conclusion

We experienced three hemodialysis patients for
contrast-induced encephalopathy, and found that
the neurological symptoms improved after hemo-
dialysis. Contrast-induced encephalopathy should
be kept in mind as an expected complication of
aneurysm embolization in hemodialysis patients.
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Fig. 2 Case 2. A: Left vertebral angiogram demonstrating an unruptured basilar tip aneurysm. B: Angiogram
acquired after embolization by a double catheter technique showing complete occlusion of the aneurysm. C and
D: Non-contrast head CT acquired the day after embolization showing a residual cortical enhancement in the
bilateral occipital lobes and left thalamus with edematous changes. E and F: Diffusion-weighted image of MRI
performed 2 days after treatment showing a hyper-intensity along the sulcus of the left occipital lobe, and faint
hyper-intensity in the left thalamus.

In hemodialysis patients with contrast-induced
encephalopathy, performing hemodialysis is an
effective treatment to improve symptoms early.
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