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Abstract: Contrast-induced encephalopathy (CIE) is a rare complication following percuta-
neous carotid and coronary interventions, and important diagnostic radiological signs include
brain edema and cortical enhancement. In this report, we detail a case of probable CIE in an 84-
year-old woman following a normal diagnostic coronary angiography (CAG) that involved
20 mL of the low-osmolar, non-ionic monomeric, iodine-based contrast agent iopromide
(Ultravist 370). The patient was unconscious and presented with hemiparesis, hemianopia,
recurrent seizures, and cardiac and respiratory arrest within minutes to hours following the
procedure. Non-contrast computed tomography (CT) of the head showed increased subarach-
noid density, cortical enhancement, and brain edema in the right hemisphere. Three days of
rehydration, reduction in cranial pressure, and treatment with an anticonvulsant and dexa-
methasone resulted in a gradual recovery with no neurological deficits. This case highlights
that severe neurotoxic symptoms may occur in response to low doses of low-osmolar, non-
ionic, monomeric contrast agents. This finding is of importance to interventional cardiologists
for diagnostic considerations and development of treatment plans.

Keywords: contrast-induced encephalopathy, coronary angiography, percutaneous carotid

and coronary interventions

Introduction

Contrast-induced encephalopathy (CIE) is a rare complication of percutaneous carotid
and coronary interventions.'** Contrast media, which include ionic, non-ionic, low
osmolarity, iso-osmolar, and high osmolarity solutions have been reported to induce
CIE.? Clinical manifestations of CIE include encephalopathy, seizures, motor and
sensory disturbances, disturbances in vision, and focal neurological deﬁcits,l’3 “+ which
fully resolve within 48—72 hours. Heterogeneity of clinical presentation necessitates
evaluation of radiological signs associated with contrast encephalopathy, such as brain
edema and cortical enhancement, to allow for differentiation between hemorrhagic
and thromboembolic complications of angiography.” Contrast media-induced neuro-
toxic effects result from the disruption of the blood brain barrier (BBB).°
Hypertension, diabetes mellitus, renal impairment, administration of large volumes
of iodinated contrast, percutaneous coronary intervention or selective angiography of
internal mammary grafts, and previous adverse reaction to iodinated contrast are
common risk factors for development of CIE.? In this manuscript, we present a case
of a patient who presented with severe symptoms of CIE following treatment with
a small amount of low-osmolar, non-ionic, monomeric contrast.
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Case Report

An 84-year-old woman with a history of hypertension, par-
oxysmal atrial fibrillation, and chronic bronchitis presented
with intermittent chest distress, palpitation, and shortness of
breath for several minutes-duration for 3 months. Coronary
angiography (CAG) was performed through the right radial
approach, which revealed mild plaque disease in the left
anterior descending coronary artery (LAD) only. Twenty
milliliters of iopromide (Ultravist 370, Bayer Healthcare,
Pittsburgh, PA, USA), a low-osmolar, non-ionic, mono-
meric, iodine-based contrast agent, was administered during
the procedure. Local anesthetic (1% lignocaine) was admi-
nistered prior to CAG. The patient also received 3000 U of
heparin intra-arterially during CAG and did not complain of
discomfort during the operation.

Within minutes of radial sheath removal, the patient
lost consciousness, and exhibited left limb hemiplegia with
muscle strength level 0 and eyes staring to the right. The
patient was seen by the stroke team to determine whether
she had cerebrovascular disease. Emergency computed
tomography (CT) was performed, which showed no acute
pathological findings (Figure 1A). Cerebral angiography
showed no stenosis, thrombosis, or hemorrhage in the
bilateral carotid artery, the middle cerebral artery, or the
anterior cerebral artery, which indicated absence of any
cerebrovascular events (Supplementary Figure S1). The

patient regained consciousness spontancously and left
limb muscle strength returned to level 4, which is consid-
ered safe. The patient was then returned to the coronary
care unit (CCU) for further treatment.

Ten minutes after transfer to the CCU, the patient experi-
enced limb convulsions, jaw chomping, and lost conscious-
ness. Physical examination revealed no response to pain
stimulation, general unresponsiveness, eyes gazing to the
right, and weak pupillary light reflex. The patient exhibited
positive bilateral Babinski signs and neck resistance. The
symptoms gradually improved after 2—-3 minutes. Brain CT
examination 2 hours after surgery showed multiple high-
density regions in the subarachnoid space (Figure 1B),
which indicated potential subarachnoid hemorrhage or con-
trast agent leakage. Brain computed tomography angiogra-
phy (CTA) did not show evidence of macrovascular
embolism (Figure 2), and emergency brain magnetic reso-
nance imaging (MRI) showed hyperintense areas could be
seen on T2-weighted image and fluid-attenuated inversion
recovery (FLAIR) in frontal, parietal, temporal and occipital
of right cortex, and no clear signs of subarachnoid hemor-
rhage were observed in diffusion-weighted imaging (DWI)
(Figure 3). The patient was given fluids to accelerate excre-
tion of contrast agent, sodium valproate 60 mg per hour to
treat epilepsy, mannitol 125 mL every 6 hours to dehydrate

and reduce intracranial pressure, nimodipine 10 mg once

Figure | Contrast-induced encephalopathy in brain computed tomography (CT) scans. (A) Emergency brain CT showed no acute pathological findings. (B) Brain CT 2
hours after surgery indicated multiple high-density regions in the subarachnoid space. (C) Brain CT 10 hours after surgery showed significantly swollen brain tissue,
particularly in the right hemisphere, the left frontal lobe, and the left occipital lobe. The high-density shading in the subarachnoid cavity was significantly denser than in
previous scans. (D) Brain CT 72 hours after surgery showed the sulci of the right hemisphere became shallow, and low-density shadows could be seen in the frontal parietal

lobe. But cerebral edema was significantly improved.
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Figure 2 Computed tomography angiography (CTA) showed no evidence of macrovascular embolism in (A) posteroanterior (PA), (B) posterior (P) and (C) left anterior

oblique (LAO) view.

a day to prevent vasospasm, and other drugs to improve
clinical symptoms. Following this treatment course, the
patient suffered from seizures twice and exhibited a steady
decline in cardiac rhythm, blood pressure, and blood oxygen
level. Brain CT examination 10 hours after surgery showed
significantly swollen brain tissue, particularly in the right
hemisphere, the left frontal lobe, and the left occipital lobe,
with more obvious swelling in the right hemisphere
(Figure 1C). The high-density shading in the subarachnoid
cavity was significantly more pronounced than that in pre-
vious scans. Neurologists excluded cerebral hemorrhage,
which suggested that CIE was a possibility.

The patient experienced another seizure 18 hours post
CAG, then developed cardio-respiratory arrest. Physical
examination showed an absence of carotid pulse and
pupil dilation with weak light reflex. Cardiopulmonary
resuscitation and tracheal intubation were performed
immediately, and one milligram of epinephrine was admi-
nistered intravenously. Following this treatment course,
the patient’s heart rate and blood pressure recovered. The
cause of cardio-respiratory arrest was determined to be by
mild cerebral hernia preceded by cerebral edema in CIE.

Clinical experience and a literature search resulted in
administration of 10 mg of dexamethasone once per day
for 2 days in addition to treatment with anti-epilepsy
drugs, reduction of cranial pressure, and fluid replacement.
Following treatment, the patient’s condition gradually
improved. Consciousness was restored 72 hours after sur-
gery, and the tracheal tube was removed. Brain CT reex-
amination showed the sulci of the right hemisphere
became shallow, and low-density shadows could be seen
in the frontal parietal lobe. However, cerebral edema was
significantly improved compared with that observed
3 days prior (Figure 1D). These findings resulted in
a decrease in drug dosage that nimodipine and dexametha-
sone were discontinued, sodium valproate was discontin-
ued and changed to levetiracetam 500 mg twice a day, and
mannitol was changed to 125 mL once every 12 hours.
Multiple complications such as rib, shoulder blade, and
lumbar vertebrae fractures, hemothorax, and loss of front
teeth occurred during rescue, each of these injuries
improved following active treatment. The patient was dis-
charged after her condition improved. Follow-up 2 months

after the operation showed short-term memory loss, but

Figure 3 Brain magnetic resonance imaging (MRI) 2 hours after surgery showed hyperintense areas in the right cortex in (A) T2-weighted image and (B) fluid-attenuated
inversion recovery (FLAIR) images, and no clear signs of subarachnoid hemorrhage were observed on (C) diffusion-weighted imaging (DWI).
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neurological symptoms were absent and limb muscle
strength had returned to normal. Brain MRI showed that
the sulci and gyri had returned to normal in frontal, par-
ietal, temporal and occipital, cerebral edema had disap-
peared, and no residual cerebral infarction or hemorrhage
was observed. These findings indicated a good prognosis.

Discussion

Contrast-induced encephalopathy is a known uncommon
complication associated with use of intravascular radio-
contrast media during percutaneous carotid and coronary
interventions."”” The incidence of CIE ranges between
0.3% and 1.0%. However, use of hyperosmolar iodinated
contrast agents results in an incidence of CIE of up to
4%.%° Although non-ionic, low-osmolar agents are rela-

10-11 these agents are associated with

tively less neurotoxic,
pharmacological side effects such as confusion, seizure,
altered cerebral function, mental aberrations, and ophthal-
moplegia, all of which can induce CIE.>*** Since the first
clinical description of CIE in 1970, there have been 36
cases of CIE following cardiac catheterization with non-
ionic, low-osmolar contrast agents in a total of 41 patients
reported in the literature (Table 1).%2->712"%3 In this report,
we presented a highly probable case of post-CAG CIE
following administration of a small amount of non-ionic,
low-osmolar contrast agent, with severe symptoms and
spontaneous recovery.

The mechanism and causes of iodine-based contrast-
induced neurotoxicity are unclear. Compared to lower
osmolality or iso-osmolar solutions, hypertonic contrast
agents are more likely to disrupt the BBB, resulting in
increased entry into the brain, which can result in edema
and direct neuronal toxicity.**** However, many studies
have shown that CIE can occur in response to high or low
identified 23 of 41
(56.09%) cases that resulted from percutaneous coronary

osmolality compounds.>'*> We

interventions (PCI), and the remaining 18 occurred during
diagnostic CAG. The median volume of contrast media
administered was 168.5 mL (range from 75 to 500 mL). In
our case, the patient developed CIE following administra-
tion of 20 mL of iopromide, a low-osmolar, non-ionic,
monomeric, iodine-based contrast agent during CAG. In
addition to use of contrast agents, male gender, hyperten-
sion, diabetes mellitus, impaired renal function, impaired
cerebral autoregulation, and transient ischemic attack
(TIA) are risk factors for development of CIE.***’ In
patients with renal failure, renal excretion of contrast
media is delayed and brain concentrations of contrast

agent can remain high, resulting in increased risk of devel-
oping CIE."" Furthermore, chronic hypertension impairs
cerebral autoregulation and TIA may increase permeability
of the BBB, which may
extravasation.”>*® Review of the literature showed that

contribute to contrast
the median age of patients with CIE was 63 years (range
from 1.5 to 82 years), and 72.50% of patients were male.
Most of the patients had diabetes, hypertension, chronic
kidney disease, or other comorbidities. Our 84-year-old
female patient had chronic hypertension, which is typically
associated with poor control of blood pressure, which may
contribute to increased blood-brain barrier permeability.
Advanced age and high blood pressure may have resulted
in increased risk of contrast-induced encephalopathy in
response to 20 mL of contrast medium.

Clinical presentations of CIE are highly variable and
include localized cortical and subcortical deficits such as
hemiparesis, hemianopia, cortical blindness, speech
changes, parkinsonism, and global syndromes such as
confusion, seizure, and coma.®*’ Transient cortical blind-
ness (TCB) is the most common manifestation of CIE.
Literature review indicated that symptoms of neurological
dysfunction presented within minutes to hours after con-
trast agent administration, and most patients fully recov-
ered within 48-72 hours.>3>712743:5051 1 gy case, the
patient presented with hemiparesis, hemianopia, and
unconsciousness within minutes of radial sheath removal,
and more extreme features developed, such as recurrent
seizures, and cardiac and respiratory arrest. Her symptoms
resolved completely within 72 hours, which was consistent
with the clinical course of CIE. We suspect that the severe
symptoms of this patient were related to advanced age,
hypertension, and other risk factors, which may have
increased BBB permeability. This increased permeability
may have allowed for contrast agent exudation and brain
tissue colloid osmotic pressure changes, resulting in cere-
bral edema and neurotoxicity and contrast-induced
encephalopathy.

Typical head CT imaging findings associated with CIE
typically include local cortical enhancement, increased
subarachnoid density, and brain edema,'® which are impor-
tant for differentiation of CIE from other neurological
pathologies such as thromboembolism and hemorrhage
following angiography. Moreover, abnormalities observed
during emergency CT as measured by Hounsfield units
(HU) can help to differentiate blood from contrast, with
the higher attenuation (100 to 300 HU) of contrast com-
pared with blood (40 to 60 HU).>> On MRI, patients with
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CIE showed hyperintense areas on spin-spin relaxation
time, FLAIR, and DWI imaging, and no change in appar-
ent diffusion coefficient (ADC) maps, which differs from
with
However, some patients with CIE have no radiological

observations  consistent cerebral  ischemia.*®
features. In addition, CSF examination is useful to rule
out subarachnoid hemorrhage through absence of xantho-
chromia or red blood cells. Simultaneous high concentra-
tions of iodine contrast in the CSF and serum support
contrast extravasation rather than hemorrhage.*> Brain
CT of our patient immediately following the first symptom
showed no acute pathological findings, but indicated mul-
tiple high-density subarachnoid regions after 2 hours.
Cerebral edema occurred 10 hours after surgery. Brain
MRI showed hyperintense areas in the right cortex via
FLAIR imaging, which further supported a diagnosis
of CIE.

Most patients with CIE have a good prognosis and
recover quickly with supportive treatment including intra-
venous fluids and close observation. In some cases, antic-
onvulsive drugs can be used to treat seizures and mannitol
can be used to decrease pressure in the brain. Steroid
hormones such as dexamethasone can be used to reduce

HeCCSS&I’y.z’3’5’7’lz43

inflammatory reactions as
Neurological toxicity typically occurs within minutes or
hours after angiography, and resolves spontaneously
within 72 hours. Although the prognosis of most cases of
CIE is good, some cases with persistent deficits have been
reported.” Eight cases of autopsy-confirmed fatal cerebral
edema due to contrast neurotoxicity in the early stage of
angiography have been observed in response to adminis-
tration of ionic high osmolar contrast agents.® >’
Recently, a small body of literature has shown that low
osmotic pressure contrast agents can induce permanent

* and fatal cerebral edema.’® In

neurological dysfunction
our case, the patient developed recurrent seizures and
cardiac and respiratory arrest, but her neurological symp-
toms gradually improved after 3 days in response rehydra-
tion, anticonvulsant therapy, reduction of cranial pressure,
and treatment with dexamethasone.

There is clinical and radiological overlap between CIE
and posterior reversible encephalopathy syndrome
(PRES), which is a reversible clinicoradiological subcor-
tical vasogenic edema in patients with acute neurological
symptoms (eg, seizures, encephalopathy, visual distur-
bances, and focal neurological deficits) that occurs more
frequently in patients with uncontrolled hypertension and

chronic kidney disease.”’ Magnetic resonance imaging

findings in CIE with hyperintensity on DWI and FLAIR,
and no change in ADC, can overlap with PRES radiologi-
cal features.® Moreover, the pathophysiological theory
underlying PRES supports endothelial dysfunction related
to abrupt blood pressure changes and/or direct effects of
cytokines. This results in breakdown of the blood-brain
barrier and subsequent brain edema. Therefore, the patho-
physiological mechanism of PRES following CAG, simi-
lar to that in CIE, may be endothelial dysfunction
indirectly induced by contrast media through excessive
circulating cytokines, such as endothelin-1, which have
been shown to be increased by administration of moderate
levels of contrast media.>®®!' In our case, CIE could also
be considered a case of PRES triggered by contrast media
administration.

Conclusion

Contrast-induced encephalopathy following cardiac cathe-
terization is a rare but complex neurological disturbance.
Manifestations of CIE vary, but the prognosis is typically
good in conjunction with supportive treatment. Although
many studies have suggested that the risk of developing
CIE is higher in response to high osmolality agents, our
review demonstrates that severe symptoms of CIE can also
occur in response to small amounts of low-osmolar, non-
ionic, monomeric iodine-based contrast agents. Contrast-
induced encephalopathy must be considered in differential
diagnosis of stroke following cardiac catheterization. Early
clinical suspicion of CIE might alter therapeutic consid-
erations and may help to avoid potentially harmful inter-
ventions such as thrombolysis.
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