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Adverse effects of erenumab on cerebral
proliferative angiopathy: A case report
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Abstract

Background: Cerebral proliferative angiopathy is a vascular malformation associated with compromised blood-brain

barrier and with migraine-like headache. Treating blood-brain barrier-compromised patients with erenumab, an anti-

calcitonin gene-related peptide receptor monoclonal antibody, may be risky.

Case: We describe a case of a 22-year-old chronic migraine patient with cerebral proliferative angiopathy who

presented to our hospital in status epilepticus 2 d after his first dose of erenumab. Serial magnetic resonance imaging

(MRI) studies demonstrated progressive areas of diffusion restriction including the brain tissue adjacent to the cerebral

proliferative angiopathy, bilateral white matter and hippocampi. His 6-month post-presentation magnetic resonance

imaging was notable for white matter injury, encephalomalacia surrounding cerebral proliferative angiopathy and bilateral

hippocampal sclerosis. He remains clinically affected with residual symptoms, including refractory epilepsy and cognitive

deficits.

Conclusion: The evidence presented in this case supports further investigation into potential deleterious side effects of

erenumab in patients with compromised blood-brain barrier, such as individuals with intracranial vascular malformations.
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Introduction

Previously categorized as an arteriovenous malforma-
tion (AVM), cerebral proliferative angiopathy (CPA) is
now recognized as a distinct entity, defined as a cere-
bral vascular malformation characterized by appear-
ance of diffuse vascular spaces in multiple lobes of
the brain intermingling with normal parenchyma.
This is unlike brain AVMs, which are characterized
by higher flow than CPA, with more brisk arteriove-
nous shunting, and which do not demonstrate interven-
ing brain parenchyma within their boundaries) (1).
Evidence suggests that endothelial cell function and
the normal blood brain barrier (BBB) may be dysregu-
lated in these dynamic, congenital vascular lesions
(2,3). These data have led to the exclusion of patients
with suspicion of cerebral vascular malformation from
the Phase 2 and 3 studies of erenumab, a new anti-
calcitonin gene related protein (CGRP) receptor mono-
clonal antibody (anti-CGRPr-mAbs) approved by the

FDA for the treatment of chronic migraine. This exclu-
sion was adopted to lower the risk of cerebral ischemia
induced by blockade of CGRP-mediated dilatation of
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cerebral arteries; specifically, it was posited that anti-

CGRPr-mAb might reach appreciable concentrations
in brain areas where the BBB is compromised. To

our knowledge, patients with known CPA treated
with an anti-CGRPr-mAB have not been previously

reported. We describe the significant sequelae after a
22-year-old male with known CPA and migraines was

treated with erenumab.

Case

A 22-year-old male with known right parietal, occipital
and temporal CPA (Figure 1(a) and (b)) and chronic

right-sided migraines refractory to treatment presented
2 d after his first subcutaneous injection of erenumab,

70mg, in status epilepticus. His past medical history
was significant for a single seizure in 2015, but he was

not prescribed any antiepileptic medication at the time
of the current presentation. On the day of presentation,

he was found at home having a generalized tonic-clonic

seizure of unknown duration, having last been seen
well 5 h prior. At an outside hospital, he received lor-

azepam and leviteracetam and was intubated for

airway protection. Computed tomography (CT) of
the brain did not reveal any acute hemorrhage. Upon
transfer to our institution he was febrile to 105�F and
was placed on electroencephalogram (EEG) monitor-
ing, which was significant for periodic lateralizing epi-
leptiform discharges (PLEDS). Magnetic resonance
imaging (MRI) of his brain was significant for diffusion
restriction in the parenchyma surrounding and between
the vessels of his known CPA (Figure 1(c)). Serum lab-
oratory investigation at presentation demonstrated
multi-organ dysfunction. His liver was affected, with
elevated liver function tests (LFTs) with aspartate ami-
notransferase test (AST) of 120 unit/L and alanine ami-
notransferase test (ALT) 37 unit/L. Muscle enzyme
creatine kinase was elevated at 3565 unit/L and he
had an elevated lactate (2.5mmol/L). His renal
function was affected, with creatinine elevated at
1.89mg/dL and blood urea nitrogen (BUN) normal
at 18mg/dL. Cardiac enzymes were also elevated,
with his troponin at 0.53 ng/mL. He had a thorough
toxicology screen including novel psychoactive sub-
stances, which was positive for lorazepam, alphahy-
droxymidazolam, cotinine, 9-carboxy THC, and

Figure 1. (a) T2 weighted axial image demonstrating right parietal occipital CPA. (b) MRA demonstrating CPA. (c) Trace
diffusion-weighted axial image demonstrating restricted diffusion in the parenchyma between the vessels of the CPA. (d) Trace
diffusion-weighted axial image demonstrating restricted diffusion in the left hippocampus. (e) Trace diffusion-weighted axial image
demonstrating restricted diffusion in bilateral frontal lobes. (f) Trace diffusion-weighted axial image demonstrating restricted diffusion
in bilateral white matter.
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leviteracetam. He had received lorazepam, midazolam,
and leviteracetam as part of his medical treatment. He
had a history of marijuana and cigarette use, which
explained the 9-carboxy THC and cotinine respectively
in his toxicology screen. He was started on acyclovir
and antibiotics at meningitic doses, but due to an inter-
national normalized ratio (INR) of 5.78 he did not
have a lumbar puncture at time of presentation.

On Day 2, a repeat MRI of the brain was stable. On
Day 4, he continued to have PLEDS on EEG, and had
a repeat MRI that was significant for new areas of
diffusion restriction in the left hippocampus concerning
for seizure edema (Figure 1(d)). He was placed in a
pentobarbital coma, which was lifted on Day 6. On
Day 7, he had repeat MRI significant for new areas
of restricted diffusion in the right thalamus, temporal
lobe and frontal lobe as well as concern for cerebellar
swelling (Figure 1(e)). He had a lumbar puncture on
Day 8, which was negative for HSV, with 11/mm3

WBC, 81.3mg/dL protein and 75mg/dL glucose. On
Day 10, his MRI showed both cortical and more prom-
inent white matter restricted diffusion in both frontal
lobes and the left parietal lobe (Figure 1(f)). He had a
second lumbar puncture that resulted in a negative
autoimmune encephalitis panel and no oligoclonal
bands. As diagnostic evaluations progressively exclud-
ed common causes for his clinical decline, multidiscipli-
nary team consultants began to consider aimovig as a
potential causative agent. Consequently, plasmaphere-
sis to remove the agent was proposed. With a molecu-
lar weight of 150 kilodaltons, this was deemed feasible,

and he began plasmapheresis on Day 11. He had plas-
mapheresis three times over the course of 5 d, which is
standard at our institution for removing toxic substan-
ces. He was also extubated on Day 11. Soon after plas-
mapheresis was completed he was able to state his
name and follow simple commands. Over the next
few weeks he continued to improve was eventually dis-
charged to an inpatient rehabilitation facility 2 month
after his initial presentation.

Follow up MRI 6 months after presentation was
significant for encephalomalacia within the parenchy-
ma between the vessels of the CPA, bilateral hippocam-
pal sclerosis, and global white matter loss (Figure 2).
Now 1.5 years later, he has refractory epilepsy despite
treatment with multiple anti-epileptic medications. On
neurologic exam, he has a mild left-sided weakness. He
underwent neuropsychological evaluation showing sig-
nificant deficits in visual-spatial skills, working memory
and processing speed. Of note, he had a previous neu-
ropsychological evaluation 7 years prior to his presen-
tation that was significant for deficits in visual-spatial
skills consistent with known right posterior CPA.

Discussion

The short but substantial clinical experience with the
anti-CGRP-mAbs suggests that they are very safe to
use in chronic migraine patients whose BBB is uncom-
promised. The current case report raises the possibility
that this class of drugs may not be safe and should not
be used in patients with compromised BBB, as it may

Figure 2. (a) T2 weighted axial image demonstrating encephalomalacia in the parenchyma around the vessels of the CPA. (b) FLAIR
axial image demonstrating encephalomalacia in the parenchyma around CPA as well as white matter hyperintensity bilaterally. (c) T2
weighted axial image demonstrating encephalomalacia in the parenchyma around the vessels of the CPA. (d) FLAIR axial image
demonstrating encephalomalacia in the parenchyma around CPA as well as white matter hyperintensity bilaterally. (e) T2 weighted
imaging demonstrating bilateral temporal mesial sclerosis. (f) T2 weighted imaging demonstrating bilateral temporal mesial sclerosis.
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lead to progressive and severe brain injury. Our suspi-
cion that erenumab’s action inside the BBB caused the
brain injury is supported by a) the MRI findings, b) the
neurological presentation, c) the effects of the plasma-
pheresis, d) our judgment that neither his imaging nor
the time frame of evolution are consistent with other
processes we have considered, including hypoxic ische-
mic injury, herpes simplex virus or other infectious eti-
ologies, other toxic agents that could explain his
presentation, or autoimmune encephalitis. Seizure
edema is also unlikely due to the extended time in
which we saw diffusion restriction on MRI. Also,
while he was in a pentobarbital coma, the diffusion
restriction continued to occur in new territories, which
is more suggestive of an alternative source or cause for
the continued restricted diffusion. Seizure edema should
also resolve once the seizures are managed.

Recent studies showing insignificant or no BBB pen-
etration of anti-CGRP-mAbs in animals in which the
BBB is intact, versus transient binding in brain paren-
chyma of animals with compromised BBB, and pro-
longed binding in brain parenchyma surrounding a
stroke site, further support our conclusion (4,5).
Difficulty with speculating on how a compromised
BBB may explain the outcome seen in this patient
after treatment with erenumab stems from the fact
that CGRP knockout mice lacking a-CGRP, which is
the most dominant CGRP in the cortex, behave nor-
mally and show no signs of impairment in cognitive,
motor or any other high-order cortical functions (6–
12). Nevertheless, evidence for CGRP’s ability to facil-
itate and inhibit synaptic transmission in different cor-
tical and subcortical regions raises the possibility that
accidental introduction of an anti-CGRPr-mAb into a
small and well-localized area of the cortex can interfere
with proper regulation of (cortical) neuronal firing
through two possible mechanisms: The first may be
the disruption of facilitation of synaptic transmission
that regulates proper firing of inhibitory cortical neu-
rons and the second may be disruption of a-CGRP’s
ability to reduce firing (reduce evoked EPSPs) in neu-
rons that facilitate cortical excitability (13–16).
Induction of long-term potentiation, and increased
excitatory postsynaptic current and amplitude (but

not frequency) by CGRP, support the view that it

enhances excitability of post-synaptic neurons, likely

through PKA- and NMDA-dependent mechanisms

(13,14). On the other hand, CGRP’s ability to reduce

glutamate-mediated EPSPs amplitude without altering

input resistance or inward current in lateral parabra-

chial neurons suggest that the inhibitory effect of

CGRP is pre- but not post- or poly-synaptic, a concept

supported by another study showing that local admin-

istration of CGRP in certain areas of the hypothala-

mus, thalamus, cortex, preoptic area, septum and the

premamillary nucleus inhibits spontaneous firing of

neurons in the immediate vicinity of the applied

CGRP (16,17). Theoretically, either one of these sce-

narios can lead to abnormal synchronized and

unsynchronized firing within the affected cortical

area. Another possible explanation for the outcome

seen in this patient after treatment with erenumab is

that the accidental presence of this anti-CGRPr-mAb

outside, rather than inside, the anatomically abnormal

cerebral blood vessels within the AVM area allowed

erenumab to bind to the ab-luminal CGRP receptors

and prevented dilatation/facilitated constriction, which

eventually led to the neuronal outcome we report. In

considering this possibility, one must take into consid-

erations two points. The first is that only ab-luminal

(but not luminal) CGRP can prevent dilatation of cere-

bral blood vessels, and the second is the possibility that

the concentration of ab-luminal CGRP receptors along

the walls of the chronically abnormally-formed blood

vessels within the AVM is putatively elevated as an

adjustment to allow the blood vessel to remain open

enough to supply oxygen within its territory (18). In

perspective, though, we must reiterate the need to eval-

uate these possibility with great caution as they are

purely speculative and lack supporting data. In conclu-

sion, we recommend using caution when considering

the use of CGRP-targeting therapy in patients with

potentially compromised BBB, including patients with

epilepsy and/or traumatic brain injury as well as

patients with CPA or AVM.
Consent to submit this case report was given by

parents of the patient, who are his legal guardians.

Clinical implications

• Case report of 22-year-old male with cerebral proliferative angiopathy (CPA) and chronic migraines had
possible adverse reaction to erenumab.

• CPA is thought to have a disrupted blood brain barrier (BBB) and erenumab, an anti-CGRP receptor
monoclonal antibody, can cross a disrupted BBB.

• Caution is advised for treating patients with cerebral vascular malformations with an anti-CGRP receptor
monoclonal antibody.
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