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CLINICAL REPORT
INTERVENTIONAL

Enhancing Brain Lesions after Endovascular Treatment
of Aneurysms

J.P. Cruz, T. Marotta, C. O’Kelly, M. Holtmannspötter, G. Saliou, R. Willinsky, T. Krings, and R. Agid

ABSTRACT

SUMMARY: Complications of endovascular therapy of aneurysms mainly include aneurysm rupture and thromboembolic events. The
widespread use of MR imaging for follow-up of these patients revealed various nonvascular complications such as aseptic meningitis,
hydrocephalus, and perianeurysmal brain edema. We present 7 patients from 5 different institutions that developed MR imaging–
enhancing brain lesions after endovascular therapy of aneurysms, detected after a median time of 63 days. The number of lesions ranged
from 4 – 46 (median of 10.5), sized 2–20 mm, and were mostly in the same vascular territory used for access. Three patients presented with
symptoms attributable to these lesions. After a median follow-up of 21.5 months, the number of lesions increased in 2, was stable in 1,
decreased in 3, and disappeared in 1. The imaging and clinical characteristics suggested a foreign body reaction. We could find no
correlation to a specific device, but a possible source may be the generic hydrophilic coating.

ABBREVIATION: EVT � endovascular therapy

Endovascular therapy (EVT) is commonly used as a first-line

therapy for intracranial aneurysms.1,2 The complication rate

of this procedure is relatively low3 and mostly includes thrombo-

embolic events and intraprocedure aneurysm rupture.4 Less com-

mon nonvascular complications exist and include hydrocephalus

and perianeurysmal edema.5-7 There are isolated reports of for-

eign body emboli to the brain parenchyma after diagnostic and

therapeutic cerebral angiograms, but only a few include the im-

aging characteristics of these lesions.8-11 We describe a short series

of nonischemic, enhancing parenchymal lesions appearing after

EVT of intracranial aneurysms.

Case Series
We report cases from 5 different institutions. The authors at each

of the 5 participating centers submitted the demographic data,

aneurysm characteristics, procedure type, devices used, and MR

characteristics of the lesions as well as the imaging and clinical

findings during follow-up. Analysis of the submitted data was

performed by 2 of the authors (J.P.C. and R.A.).

A total of 7 cases of brain enhancing lesions after EVT were

collected (6 women, 1 man) ranging from 32 to 71 years of age

(median age 54). Six aneurysms were located in the anterior cir-

culation and 1 in the posterior circulation. Three aneurysms were

ruptured and 4 were unruptured.

The procedures included 2 conventional aneurysm coilings, 2

balloon-assisted coilings, 1 stent-assisted coiling, and 2 cases of

flow-diverter stents. All patients had a single femoral access. A

triaxial system was used in all but 2 patients, 1 of them with a

posterior circulation aneurysm. Bare platinum coils were used in

3 of the 4 coiling procedures. Modified platinum coils were used

in only 1 patient. None of the patients treated with flow diversion

(n � 2) had adjuvant coiling. We could not identify 1 specific

device that was predominantly used in all cases (On-line Table).

The median time from procedure to lesion detection on MR was

63 days (range 43–118 days, interquartile range � 35.5 days). Four

patients (2 ruptured, 2 unruptured) had an early postprocedure MR

(ie, within 7 days from the procedure); 3 showed few restricted DWI

lesions in the vascular territory used for access (Fig 1) that disap-

peared in follow-up as expected for ischemic lesions after EVT.12 All

the other patients had the first postprocedure MR performed later as

part of the routine follow-up. All but 1 patient had a contrast-en-

hanced MR imaging. The number of enhancing lesions per patient

ranged from 4 to 46 (median 10.5, interquartile range � 33.5), the
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size of the lesions ranged from 2–20 mm in diameter. Most lesions

showed solid enhancement. Rim enhancement was seen only in le-

sions larger than 5 mm. Lesions with rim enhancement were seen in

2 patients (2 lesions in each patient), and showed central restricted

diffusion on DWI. Gradient recalled-echo signal dephasing was seen

in 5 patients (total number of dephasing lesions � 14; range 1–4).

Perilesional edema was seen in all patients, but varied in extent from

lesion to lesion. All patients had subcortical lesions, but only 2 also

showed deep gray matter lesions (1 anterior circulation and 1 poste-

rior circulation aneurysm). The enhancing lesions were limited to the

vascular territory of the artery used to access the aneurysm in 6 cases.

In 1 case, the lesions were mostly in the expected vascular territory,

with few isolated lesions elsewhere. The sample size did not allow for

any subgroup analysis regarding procedure type and characteristics

of the enhancing lesions.

Four patients had no neurologic symptoms related to the brain

lesions (incidental finding on MR follow-up), 1 patient presented

with paresthesias that were attributed to seizure-like activity, 1

patient had gait disturbances associated with posterior fossa le-

sions, and 1 had mild fluctuating central facial nerve palsy, mild

arm weakness, and speech disturbances. Two of the asymptom-

atic patients had coexisting painless aseptic secretion and swelling

at the arterial puncture site. None of the patients presented with

hydrocephalus or with meningeal symptoms. In all patients, sep-

tic emboli were ruled out on clinical grounds and after an exten-

sive work-up that included complete blood count, lumbar punc-

ture, and echocardiography.

Treatment strategies for these lesions varied. Of the 4 neuro-

logically asymptomatic patients, 2 received no treatment, 1 re-

ceived empiric antibiotic therapy for 14 days, and 1 received both

empiric antibiotics and steroids, with no changes in the imaging

or clinical findings during follow-up. Of the 3 symptomatic pa-

tients, 1 received no treatment, 1 patient with presumed seizure-

like activity received levetiracetam resulting in resolution of the

symptoms, and 1 received combined antiobiotic therapy for 6

months, but lesions persisted in next follow-up (Fig 2). In the

patient treated with levetiracetam, the drug was discontinued af-

ter 6 weeks and the patient remained asymptomatic, but the brain

lesions remained unchanged. None of the patients underwent bi-

opsy or surgical resection of the lesions.

Follow-up imaging including brain MR imaging and MRA

was available for all 7 patients. Median follow-up was 21.5 months

(range: 5– 63 months, interquartile range � 11.25 months).

Within the follow-up period, the enhancing lesions disappeared

in 1 case, decreased in number in 3 cases (Fig 2), were unchanged

in 1 case, and increased in number in 2 cases. Perilesional edema

fluctuated during the follow-up period, but on last follow-up was

better in 5 cases, stable in 1 case, and showed a mixed response in

1 case. None of the cases showed continuing or new restricting

lesions on DWI. The 4 rim-enhancing lesions evolved to a solid

pattern of enhancement (Fig 3). Of the 14 lesions with gradient

recalled-echo signal dephasing, 1 disappeared, 3 showed interval

decrease in size, and the rest remained unchanged. All patients but

1, including those initially symptomatic, had no neurologic symp-

toms attributable to the brain lesions at their last clinical appoint-

ment. None of the patients developed new or worsening

symptoms.

DISCUSSION
It is reasonable to believe that the enhancing brain lesions we

describe represent an embolic phenomenon as they were re-

stricted in all but 1 case to the vascular territory of the catheterized

arteries. In addition, lesions were predominately located in the

cortico-subcortical region where small emboli are more likely to

get lodged.

Clinically silent emboli are a common known occurrence of

diagnostic cerebral angiograms and neuroendovascular proce-

dures, occuring in approximately 13%–53% of cases.12,13 Inad-

vertent foreign body emboli is a far less known complication, first

described in 1960.14 Subsequent reports mostly focused on this

phenomenon as a cause of postprocedural ischemia.11 More re-

cently, hydrophilic polymer emboli have been reported as a cause

of brain infarction after EVT.10,15 In a more recent report,

intraprocedural foreign body emboli of one of the water-soluble

polymers used for hydrophilic coating (polyvinylpyrrolidone or

PVP) have been associated with posttreatment delayed ipsilateral

FIG 1. A 54-year-old woman with a right supraclinoid ICA unruptured aneurysm treated with a flow diverter. Axial DWI on postoperative day
(POD) 1 (A), contrast-enhanced T1-weighted and T2-FLAIR at 4 months (B), and 9 months after procedure (C). POD 1 MR image shows a few
asymptomatic DWI lesions in the frontal lobe. Four-month follow-up MR shows subcortical enhancing lesions in both the frontal and parietal
lobes, far more numerous than the DWI lesions seen in POD 1. The enhancing lesions and the perilesional edema persist in the 9-month follow-up
MR imaging, which is not the expected evolution for ischemic lesions. Foreign body reaction was the presumed diagnosis after all clinical and
laboratory work-up was negative for infection.
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intraparenchymal hemorrhage after flow diversion.16 The first re-

ported brain parenchymal foreign body reaction presenting as MR

imaging–enhancing lesions after EVT was published by Fealey et al8

in a 58-year-old woman with a ruptured right ICA aneurysm. This

patient presented 9 months after uneventful coiling with seizures and

3 associated rim-enhancing brain lesions in the postcentral gyrus.

After empiric antibitotic treatment with no change in the brain le-

sions, a brain biopsy was performed. The pathology specimen re-

vealed granulomatous foreign body reaction and trapped filaments

of hydrophilic coating polymer. Similar lesions were found in the

arterial access site of the other 2 patients described in this case report.

It is likely that the number of diagnosed cases of brain foreign

body granulomas after neuroendovascular procedures is increas-

ing in recent years as MR and MRA widely replace the use of DSA

for follow-up of aneurysms after EVT. Surprisingly, recent trials

that have used MR imaging for follow-up do not comment on the

presence or absence of enhancing lesions.2 Specifically, the 2 re-

cent trials that used modified platinum coils where nonvascular

complications were first described made no mention regarding

subacute enhancing brain lesions in their published data.17,18

In our case series, the lesions were diagnosed on MR relatively

late (after a median time of 63 days) and only a few lesions were

restricted on DWI; thus, acute or subacute ischemia is not con-

sidered a plausible diagnosis. In patients for whom early postpro-

cedure MR imaging was available, there were a few isolated DWI

restricting lesions, but no early enhancing lesions were docu-

mented. All of our patients had perilesional edema, which

prompted a more complete brain MR imaging protocol, and un-

derwent extensive clinical and laboratory work-up to rule out an

infectious etiology (ie, septic emboli). Moreover, the rare reports

of brain abscesses after coiling, all presented with positive bio-

chemical markers of CNS infection or isolated pathogen on CSF

cultures.19-21 The 4 lesions in our series that showed diffusion

restriction and rim enhancement could be in keeping with aseptic

abscesses, which have been described in foreign body reaction

after surgery.22-24 All these lesions evolved from a rim-enhancing

pattern to a solid enhancement pattern in follow-up and the dif-

fusion restriction disappeared (Fig 3). This appearance could rep-

resent evolution from an aseptic abscess to the more chronic form

of a foreign body granuloma.

FIG 2. A 32-year-old woman with an unruptured left MCA aneurysm treated with balloon-assisted coiling. Axial FLAIR and axial T1-weighted
contrast-enhanced MR images at 6 months (A) and 11 months (B) follow-up show multiple enhancing cortico-subcortical lesions in the distal MCA
territory surrounded by vasogenic edema. Combined antibiotic therapy was initiated after (A) with only partial improvement in the next
follow-up. Note how the middle temporal gyrus lesion disappears over time while the middle frontal lesions only decrease in number.
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Local foreign body reaction at the puncture site was described

(2.8%–5.0%) in the cardiology literature after radial access by

using long hydrophilic coated sheaths.25-27 Two of our patients

presented with aseptic secretion and local inflammation at the

puncture site that did not respond to the initial antibiotic treat-

ment, and eventually resolved spontaneously over a few months.

Pathologic specimen was not obtained in these cases; however, the

clinical picture corresponds to a foreign body skin reaction.

Whether this makes the host more prone to developing a foreign

body reaction to hydrophilic coating in the brain is unclear.

Our small case series is limited to EVT for aneurysms, which

does not mean that this phenomenon cannot be seen in other

neurovascular procedures. It is possible that all of our cases are

aneurysmal due to the need to navigate distally toward the aneu-

rysm and use coaxial catheters with friction between coaxial cath-

eters and between the coils, stents, and the microcatheter lumen

during these procedures. This might increase the risk of hydro-

philic coating dislodgement. Aneurysm coiling is also the most

common procedure in the institutions participating in this report

and all participating institutions use MRA for follow-up, allowing

depiction of asymptomatic lesions.

There are several limitations to this series. First, we report a

limited series of incidental cases and not a systematic review of all

cases performed, thus the exact incidence of this complication

cannot be established. We can presume that it is a rare occurrence

given that cases were submitted from 5 different referral neuro-

vascular centers with an average of 95 aneurysms per center per

year. One of the patients presented 5 years ago and the rest in the

last 3 years with no other diagnosed cases in this time period. The

timing of the initial and follow-up MR imaging varies widely from

case to case and between institutions. Thus, a conclusion regard-

ing the exact timing of lesion development is limited. In addition,

none of our cases are proved by surgical biopsy, as lesion resection

was not considered necessary, and the diagnosis was made on the

basis of clinical and imaging features.

CONCLUSIONS
Enhancing brain lesions are a rare complication after aneurysm

EVT. We did not find this complication exclusive to the use of any

particular device. Imaging and clinical characteristics suggest a

foreign body reaction such as aseptic abscess and granuloma. We

suggest that the cause of these lesions might be shedding of hy-

drophilic coating from endovascular devices into the blood

stream.
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