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ABSTRACT

Background Non-ischemic cerebral enhancing (NICE)
lesions have been reported as a rare complication of
various neuroendovascular procedures, but information
on their incidence after flow diversion is scant. It is
unclear if specific devices or novel coating technologies
may impact their occurrence.

Methods We conducted a multicenter study on

the incidence of NICE lesions after flow diverter (FD)
implantation for cerebral aneurysm treatment.

Results Eight centers identified 15 patients and
provided detailed data. The clinical presentation

ranged from asymptomatic to hemiplegia and cognitive
impairment. The mean time to diagnosis after treatment
was 65.1+101.5days. Five centers disclosed information
on all of their 1201 FD procedures during the inclusion
period (2015-2022), during which 12 patients were
diagnosed with NICE lesions in these institutions—that
is, an incidence of 1%. FD coatings did not increase the
incidence (6/591 patients (1%) treated with surface-
modified FD vs 6/610 patients (1%) treated with bare
FD; P=1.00). Significantly increased rates of 3.7% (6
cases in 161 procedures; P<0.01) and 3.3% (5 cases in
153 procedures; P<0.01) were found with stents of two
specific product lines. The use of one product line was
associated with a significantly lower incidence (0 cases in
499 procedures (0%); P<0.01).

Conclusions Novel stent coatings are not associated
with an increased incidence of NICE lesions. The
incidence rate of 1% suggests that these lesions may
occur more often after flow diversion than after other
endovascular treatments. We found a concerning
accumulation of NICE lesion cases when FDs from two
product families were used.

INTRODUCTION

The rarely encountered delayed non-ischemic
cerebral enhancing (NICE) lesions have been
documented as a complication following ruptured
and unruptured aneurysm embolizations and
other neuroendovascular procedures.™* They are
defined as punctate, nodular, or circular enhance-
ments of the brain parenchyma or the leptome-
ninges with or without perilesional edema with a
distribution primarily in the vascular territory of

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Non-ischemic cerebral enhancing (NICE) lesions
occur after various types of endovascular
procedures and manifest as an inflammatory
reaction to hydrophilic polymer embolic
materials. Series encompassing a broad
spectrum of interventions report on incidences
ranging from 0.05% up to 2.3%, but specific
data on the incidence of NICE lesions after
flow diversion, particularly when using novel
polymer-based coated devices, are scarce.

WHAT THIS STUDY ADDS

= With an incidence of 1%, NICE lesions may
occur more frequently after flow diversion
than after other procedures. While stent
coatings were not associated with an increased
incidence, there was an accumulation of cases
when devices from two product families were
used.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= With regard to NICE lesions, novel coating
technologies seem to be safe. However, our
data are concerning and should initiate further
research; in particular, bench tests on particle
generation with transparent publication of the
results are needed.

the endovascular procedure.! Although they can
be completely asymptomatic, these lesions can be
associated with considerable morbidity and often
require long-term pharmacological treatment.
Compelling evidence, confirmed through biopsy,
indicates that these lesions manifest as granuloma-
tous reactions, probably to hydrophilic polymer
embolic material.® This material probably origi-
nates in either the inner or the outer layer of the
catheters used during the procedure, or even from
the devices themselves. Comprehensive informa-
tion on NICE lesions after aneurysm treatment
remains scant, primarily sourced from isolated
case reports and concise case series with only
one large series covering this important topic.”
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New devices and techniques

Additionally, there are limited data available concerning the
incidence of these lesions after treatment with flow diverters
(FDs), a topic of particular interest as, over the past decade,
this technique has emerged as a reliable therapeutic concept
for cerebral aneurysms.">™'® This technique has developed
into a routine procedure. It is applied to treat a wide range
of aneurysms beyond the initial indications (i.e., complex and
giant aneurysms of the intracranial internal carotid artery
(ICA)).171?

In this study we sought to collect multicenter data on NICE
lesions after aneurysm treatment with FDs. Our objective was to
calculate the incidence of these lesions and to identify possible
procedural factors associated with their occurrence. Moreover,
we aimed to investigate if recently introduced stent coating
technologies, considered a major leap in technological advance,
could increase the incidence of NICE lesions.

METHODS

Survey

We conducted a retrospective multicenter study and included
all patients above 18 years of age who received endovascular
aneurysm treatment using an intravascular FD between January
1, 2015 and December 31, 2022. Intrasaccular flow-disrupting
devices were excluded from the study. A survey was sent to 23
neurointerventional centers in Germany. NICE lesions were
defined according to Shotar e al*: symptomatic or asymptom-
atic punctate, nodular, or circular enhancements of the brain
parenchyma or the leptomeninges with or without perilesional
edema with a distribution primarily in the vascular territory of
the endovascular procedure. It was imperative that no other
confounding factor could explain the clinical and imaging find-
ings. Demographic, clinical, procedure-related, therapeutic,
and follow-up data were collected retrospectively. We asked
for the following data: patient characteristics (ie, age, sex,
comorbidities, allergies, smoking habits); aneurysm character-
istics (ie, location, maximum diameter, presentation (incidental,
compressive symptoms, ruptured)); procedural characteristics
(ie, catheter materials, implanted and ancillary devices); NICE
lesion MRI characteristics (ie, number of lesions, perilesional
edema, presence of lesions beyond the primarily targeted
vascular territory).

Moreover, we collected information about the symptom-
atology of the NICE lesions including modified Rankin Scale
(mRS) scores, and gathered details on the medical treatment regi-
mens and the clinical and imaging follow-up. The centers were
additionally invited to provide information on the number and
type of FD used during the inclusion period. For the purpose of
this study, the following surface modifications, listed with their
vendor name, were considered as coating: Shield (Medtronic),
Hydrophilic Polymer Coating (HPC, phenox), Heal (Acandis),
X-coating (Microvention); the so-called BlueXide by Acandis
was not considered a coating as it consists of a surface modifica-
tion by electropolishing and heating.?’

Statistical analysis

Statistical analyses were performed with SPSS version 25.0 (IBM
Corporation, New York, New York, USA). We calculated the
incidence of NICE lesions based on the reported numbers of
NICE cases in the complete sample. Vendor-specific incidences
were additionally calculated. Statistical analyses were executed
using Fisher’s exact test; p<0.05 was defined as the threshold
for statistical significance.

RESULTS

Patients and aneurysms

Eight of the 23 centers reported 15 cases with NICE lesions.
There was an equal distribution regarding gender (n=8,
53.3%) female patients) and smoking (n=8, 53.3%) patients
were smokers). Four patients (26.7%) had previously known
allergies and seven patients (46.7%) had various comorbid-
ities. Baseline characteristics and patient demographics are
shown in table 1.

All aneurysms were located in the anterior circulation:
two (13.3%) were located at the infra-ophthalmic and 10
(66.7%) at the para-ophthalamic or supra-ophthalmic ICA.
Three had a middle cerebral artery location (20.0%). The
maximum diameter of the aneurysms varied from 1 mm
(in the case of a ruptured blister-like aneurysm) to 45 mm
(mean=SD 14.9+14.0 mm).

Procedural characteristics

Patients were treated with either primary flow diversion (n=9,
60.0%), FD after initial coiling of the target aneurysm during a
previous session (n=35, 33.3%), or FD after initial stent-assisted
coiling (n=1, 6.7%). Four patients (26.7%) had a history of
aneurysmal subarachnoid hemorrhage: one with a blister-like
aneurysm of the ICA (6.7%) underwent flow diversion in the
acute phase of the subarachnoid hemorrhage and the three
remaining patients (20.0%) were treated with FDs for an aneu-
rysm remnant or reappearance following primary coil emboliza-
tion in the acute setting.

Material characteristics

Detailed information on the relevant materials used for

treatment of the 15 reported cases is summarized in table 2.

Of the eight centers contributing to the study, five were able

to provide information concerning the exact numbers of all

FD devices used during the study period. Altogether, 1201

patients were treated using FDs for intracranial aneurysms

in these five centers. Almost all available kinds of FD from
almost all vendors were used.

» Acandis, Pforzheim, Germany: DERIVO/DERIVO 2:
n=151; DERIVO 2heal: n=2.

» Balt Extrusion, Montmorency, France: SILK: n=16; SILK
Vista Baby: n=91.

» Medtronic Neurovascular, Irvine, USA: Pipeline Emboliza-
tion Device (PED): n=17; PED Flex Shield: n=120; PED
Vantage Shield: n=24.

» Microvention, Aliso Viejo, USA: FRED: n=152; FRED ]Jr:
n=18; FRED X: n=74.

» phenox, Bochum, Germany: p48 MW: n=16; p48 MW
HPC: n=212; p64/p64 MW: n=93; p64 MW HPC: n=178.

» Stryker Neurovascular, Kalamazoo, USA: Surpass Stream-
line: n=37.

In total, 591 (49.2%) procedures were executed using coated
stents. Bare stents were used in 610 (50.8%) procedures.

Incidence of NICE lesions
In the five centers providing complete information, the incidence of
NICE lesions after FD treatment of intracranial aneurysms was 1%
(12 patients in 1201 procedures). It must be noted that, in each of
the three centers that could not provide detailed data on their case
numbers, one patient was diagnosed with NICE lesions.

There were differences in the occurrence of NICE lesions
between device families, as shown in table 3. A significantly
higher incidence was observed in patients treated with
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Table 1 Baseline demographics
Details N (in %) or mean (range) + SD
Demographic n 15
data
Age, years 49.2 (19-68) + 15.2
Women 8(53.3)
Smoker 8(53.3)
Allergies Nickel (n=2), NSAID (n=1), penicillin (n=1), pollinosis (n=2) 4.0 (26.7)
Systemic diseases Asthma (n=1), CHD (n=1), cancer (n=2), diabetes (n=1), hypertension (n=2), 7 (41.2)
hypercholesterinemia (n=2),
RLS (n=1), hypothyroidism (n=1), anemia (n=1)
EVT Primary flow diversion 9 (60)
Flow diversion after coiling 5(33.3)
Flow diversion after stent-assisted coiling 1(6.7)
NICE lesions  MRI characteristics

Onset after EVT (days)
Last follow-up (days)

65.1 (1.0-358.0) £ 101.5
548.2 (23.0-1339.0) + 467.0

No. of enhancing lesions 1 lesion 4(26.7)
2-5 lesions 1(6.7)
6-10 lesions 2(13.3)
>10 lesions 8(53.3)

Perilesional edema 8(53.3)

Midline shift 1(6.7)

Patients with lesions outside the vascular 4(26.7)

territory of treatment

Symptoms

Headache 5(33.3)

Focal neurological deficit Hemiplegia and hemihypesthesia, neglect (n=1), impaired coordination and 3 (20.0)
walking (n=1), vertigo and visually initiated seizures (n=1)

Epileptic seizures 2(13.3)

Cognitive impairment 2(13.3)

Symptom dynamics Progression 3(20.0)
Completely resolved 2(13.3)
Partially resolved 1(6.7)
Stable 9 (60.0)

Treatment

None 9 (60.0)

Glucocorticoids Combined with ibuprofen (n=1) 6 (40.0)

Antiepileptic drugs 2(13.3)

CHD, coronary heart disease; EVT, endovascular treatment; No., number; NSAID, non-steroidal anti-inflammatory drug; RLS, restless legs syndrome.

FDs from the Pipeline (6 cases in 161 procedures, 3.7%;
p<0.01) and Derivo (5 cases in 153 procedures, 3.3%;
p<0.01) product lines. Significantly fewer cases with NICE
lesions occurred after treatment with FDs from the phenox
product family (0 cases in 499 procedures, 0.0%; p<0.01).
This statistical significance would also have remained valid
when taking the single case after treatment with a p64 MW
HPC treatment (see table 2) into account, which could not
be included in the statistical analysis due to lack of data
from the center (hypothetical calculation: 1 case in 500
procedures, 0.2%; p<0.05). No statistical significance was
observed for other product families. Likewise, FD coatings
were not associated with an increased number of patients
with NICE lesions (see table 4): six of 591 patients (1.0%)

treated with surface-modified FD versus six of 610 patients
(1.0%) treated with bare stents (p=1.00).

NICE lesion characteristics

Before endovascular treatment, all patients were asymp-
tomatic or mildly symptomatic: 14 (93.3%) patients had
mRS scores of 0 and one patient (6.7%) had a mRS score
of 1. The mean delay between the endovascular treat-
ment and the first MRI confirming NICE lesions was
65.1+101.5 days. Headache (n=35, 33.3%) was observed to
be the most common symptom leading to the diagnosis of
NICE lesions. Further symptoms included epileptic seizures
(n=2, 13.3%), cognitive impairment (n=2, 13.3%), and
focal neurological deficits (n=3, 20.0%). However, eight
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Table 2 Materials

Patient Flow diverter

Coating Guide catheter

Distal access catheter

Microcatheter

Other material

1 Derivo (Acandis)

2 Derivo (Acandis)

3 Derivo (Acandis)

4 Derivo 2 (Acandis)

5 Derivo 2 Heal (Acandis)

6 P64 HPC MW (phenox)

7 Pipeline (Medtronic)

8 Pipeline Flex Shield (Medtronic)
9 Pipeline Flex Shield (Medtronic)
10 Pipeline Flex Shield (Medtronic)

Pipeline Flex Shield (Medtronic)

12 Pipeline Vantage Shield (Medtronic)
13 Pipeline Vantage Shield (Medtronic)
14 Pipeline Vantage Shield (Medtronic)
15 Surpass Streamline (Stryker)

No
No

No
No

Yes

Yes

No

Yes

Yes

Yes
Yes

Yes

Yes
Yes

none

Envoy (Cerenovus)

Vista Brite Tip (Cordis)

NeuronMAX (Penumbra)
RIST (Medtronic)

Envoy (Cerenovus)

Envoy (Cerenovus)

NeuronMAX (Penumbra)

NeuronMAX (Penumbra)
NeuronMAX (Penumbra)
Vista Brite Tip (Cordis)

NeuronMAX (Penumbra)
NeuronMAX (Penumbra)
Vista Brite Tip (Cordis)

AXS Catalyst 5F (Stryker)

AXS Catalyst 5F (Stryker)

ReFlex A+ (Reverse Medical)

AXS Catalyst 5F (Stryker)

Sofia 5F (Microvention)

Navien 5F (Medtronic)

Sofia 6F (Microvention)

Sofia 6F (Microvention)
Sofia EX (Microvention)

Navien 5F (Medtronic)

Sofia 6F (Microvention)
Sofia EX (Microvention)
Navien 5F (Medtronic)

Headway 27 (Microvention)

Headway 27 (Microvention)

Headway 27 (Microvention)

Neuroslider 27 (Acandis),
Excelsior XT 27 (Stryker)

Headway 27 (Microvention)

Rebar 18 (Medtronic)

Marksman (Medtronic)

Phenom 27 (Medtronic),
Excelsior SL 10 (Stryker)

Phenom 27 (Medtronic)

Phenom 27 (Medtronic)
Phenom 27 (Medtronic)
(

Phenom 27 (Medtronic),
Echelon 10 (ev3)

Phenom 21 (Medtronic)
Phenom 21 (Medtronic)
Excelsior 1018 (Stryker)

Neurospeed (Acandis), Gateway
(Boston Scientific)

Scepter C (Microvention)

Flow diversion following coiling 7
months earlier

Solitaire (Medtronic)

Flow diversion following stent-
assisted coiling
4 months earlier

Hyperglide (ev3)

Additional coils

Flow diversion following coiling 6
months earlier

Additional coils

patients (53.3%) remained asymptomatic and NICE lesions
were discovered only on routine follow-up imaging. In
the baseline MRI scan, a single enhancing lesion was diag-
nosed in four patients (26.7%), and eight patients (53.3%)
presented with more than 10 enhancing lesions. Two
initial MRIs were performed without contrast medium

and NICE lesions were then confirmed in follow-up MRI
studies during which gadolinium was administered. In eight
patients (53.3%), perilesional edema was described. In one
patient the initial scan confirmed a midline shift (6.7%).
Five patients (33.3%) had enhancing lesions outside the
targeted vascular territory.

Table 3  Fisher's exact test for flow diverting stents

Cases with NICE Cases with NICE

Product Coating Centers,n  Procedures, n (%) lesions, n (%) Product family, N (%) lesions, n (%) P values*
DERIVO/DERIVO 2 None 2 151 (12.6) 4(33.3) 153 (12.7) 5(41.7) 0.01t
DERVO 2heal Fibrin-based nanocoating 1 2(0.2) 1(8.3)

FRED None 3 152 (12.7) 0(0.0) 244(20.3) 0(0.0) 0.14
FRED Jr. None 2 18(1.5) 0(0.0)

FRED X Nanoscale surface 2 74 (6.2) 0(0.0)

PED None 3 17 (1.4) 1(83) 161 (13.4) 6 (50.0) 0.00%
PED Shield Phosphorylchlorine 2 120 (10.0) 3(25.0)

PED Ventage Phosphorylchlorine 2 24 (2.0) 2(16.7)

p48 MW None 2 16 (1.3) 0(0.0) 499 (41.5) 0(0.0) 0.00%
p48 HPC Hydrophilic polymer 4 212(17.7) 0(0.0)

p64/p64 MW None 4 93(7.7) 0(0.0)

p64 HPC Hydrophilic polymer 3 178 (14.8) 0(0.0)

SILK None 1 16 (1.3) 0(0.0) 107 (8.9) 0(0.0) 0.62
SILK Vista Baby None 2 91 (7.6) 0(0.0)

SURPASS Streamline  None 2 37 (3.1) 1(8.3) 37(3.1) 1(83) 0.32
Overall 5 1201 (100.0) 12(100.0)

*p values were calculated with the Fisher's exact test using four-field tables, comparing the incidence of NICE lesions associated with the respective device with the entire
sample.

tSignificant p<0.05.

tHighly significant p<0.01.

NICE, non-ischemic cerebral enhancing.
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Table 4 Fisher's exact test for coated versus non-coated devices

Procedures, Cases with NICE
Product Company Coating Centers, N N (%) lesions, N (%) Incidence, % P value
DERIVO 2heal, FRED X, PED Shield, PED Ventage, p48 HPC, p64 HPC All except BALT and Coated 5 591 (49.2) 6 (50.0) 1.0 1.00
Stryker
DERIVO/ DERIVO 2, FRED, FRED Jr, PED, p48 MW, p64/p64 MW, SILK, All Non-coated 5 610 (50.8) 6 (50.0) 1.0

SILK Vista Baby, SURPASS Streamline

*Significant p<0.05.
tHighly significant p<0.01.
NICE, non-ischemic cerebral enhancing.

NICE lesion treatment

Six patients (40.0%) were treated with glucocorticoids. In one of
the cases this was combined with additional non-steroidal anti-
inflammatory drugs. In two cases, epileptic seizures were treated
with additional antiepileptic treatment. Nine patients did not
receive any medical treatment.

Follow-up
The follow-up period varied from 23 days to 3.5 vyears
(mean+SD 548.2+467.0 days). Nine asymptomatic patients
(60.0%), including two patients presenting with headaches and
two patients with mild neurological symptoms (13.3%), did not
develop further symptoms and remained stable. A symptom
progression was seen in three patients (20.0%), leading to
impaired memory and coordination. The patient with initially
the most severe symptoms (see illustrative case below) and a
second patient recovered completely (13.3%), while symptoms
only resolved partially in one patient (6.7%).

Only one asymptomatic patient did not receive control
imaging. In four cases (26.7%) the non-enhancing lesions
resolved entirely and in seven cases (46.7%) they resolved

partially. In two cases (13.3%) the imaging findings remained
unchanged and in one case (6.7%) a progression despite treat-
ment was noted.

Illustrative case

An otherwise healthy person in their 40s with a previously unre-
markable medical history presented with severe headaches 12
days after a complication-free endovascular treatment of a right-
sided incidental para-ophthalmic ICA aneurysm (3 mm) using
a FD. As emergency CT scans were unremarkable, the patient
was discharged and medication with 100 mg aspirin daily and
90 mg ticagrelor twice a day was continued as per postopera-
tive discharge. At the time the patient had no focal neurolog-
ical deficit. Within 3 days the status deteriorated. The person
displayed decreased vigilance, visual disturbances, left hemipa-
resis, and left hemihypesthesia, rapidly progressing to left side
hemiplegia (mRS 4). The patient was readmitted in an intubated
and ventilated status. Epileptic action potentials were ruled out
by EEG. There was no perfusion deficit and no vessel occlu-
sion in multimodal CT imaging. The CT scan showed an edema
in the right hemisphere. An emergency MRI showed multiple

Figure 1

Baseline (top row) and follow-up (bottom row) MRI with a 2-week interval. Presented are T2 FLAIR weighted sequences (A, D), diffusion-

wighted imaging (B, E), and gadolinium-enhanced T1 weighted sequences (C, F). The top row (A—C) shows the typical aspect of the non-ischemic
enhancing (NICE) lesions after contrast administration with punctuate to patchy enhancement in the right watershed zone and subcortical white
matter of the right middle cerebral artery territory with only focal edema. The bottom row (D—F) shows a significant regression of the NICE lesions and
edema. Punctuate cortical diffusion restriction was explained by post-interventional emboli.
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enhancing white matter lesions partially surrounded by edema
in the right frontal and parietal lobes (figure 1). Seven addi-
tional punctate cortical lesions with restricted diffusion and
without enhancement were rated as post-therapeutic microem-
boli. There was a vascular distribution in the right carotid artery,
predominating the middle cerebral artery territory and water-
shed zone. Serum and spinal fluid analyses were negative for
infections. Oral corticosteroid treatment was started (3 X80 mg
prednisolone for 2weeks with a gradual dosage decrease) and
the symptoms resolved almost completely. A mild impairment
of fine motor skills remained at discharge (mRS 1). Follow-up
MRI after 2weeks showed subtotal regression of the NICE
lesions (figure 1). The anti-inflammatory treatment was changed
to 200mg celecoxib twice a day before discharge. Approxi-
mately 6 months after treatment the last follow-up imaging was
performed externally without contrast medium. Some focal
FLAIR hyperintensities remained in the deep white matter. Clin-
ically, the patient recovered completely.

DISCUSSION

In this study we present the second largest case series on NICE
lesions to date and the largest series specifically regarding flow
diversion, which is of particular interest as FDs are increasingly
used to treat various aneurysms and their use will likely further
increase in the future.”' For example, Cruz et al reported in their
case series on two of seven patients treated with FDs,** three of
six patients were treated with FDs in the series by Bayas et al,*
and six of 32 patients were treated with FDs in the largest case
series to date by Shotar et al.?

Biopsy-confirmed cases have shown that NICE lesions result
from granulomatous foreign body reactions to microemboli
formed by hydrophilic polymer coatings. The biopsies unveiled a
spectrum of pathological findings including granulomas, angiitis,
a periadventitial response characterized by giant cells reacting
to foreign bodies, and microabscesses encapsulating foreign
material, along with neutrophilic granulocytes and multinucle-
ated macrophages.'” ** Various types of hydrophilic polymer
materials, including polytetrafluoroethylene, polyvinylpyrroli-
done, polyacrylamide, polyoxyethylene, and polysaccharides,
are now widely used as surface coatings on endovascular cath-
eters and devices.” > ** These coatings serve to reduce friction
with vessel walls and other devices, enhancing maneuverability
within the vasculature. However, a ‘simple’ embolus of foreign
material cannot be the only possible problem, as is shown in our
own series in which a significant proportion of patients were
diagnosed with NICE lesions in a different vascular territory.
Moreover, why some patients develop inflammatory symptoms
and others do not can only be speculated. Previous hypotheses
stating that these lesions presented as a type of nickel allergy
have been rebutted.® This is also supported by our case series, as
the majority of patients with NICE lesions were treated with FDs
made of cobalt-chromium and not nickel-titanium.

In our large cohort of patients the incidence of NICE lesions
was at the upper end of the spectrum of previously reported
numbers. We observed a rate of 1%, which stands in contrast to
previous larger studies on various neuroendovascular procedures
in which incidence rates of 0.05%? or 0.14% were described."!
Other studies report rates more comparable with our case series:
Nakagawa et al described an incidence of 2.3% in a series of
305 patients and Ikemura et al found NICE lesions in 0.9%
of patients after 1754 coil embolizations.” '® One must note,
however, that our data are prone to bias as, of 23 centers, eight
responded to our query and we do not know if any cases with
NICE lesions were detected in the other centers or if the centers

did not contribute their cases. On the other hand, it is almost
certain that NICE lesions are an underreported finding. In our
series more than half of the patients were asymptomatic and their
lesions were diagnosed on routine follow-up imaging. It should
be noted that MRI is not part of the standard follow-up protocol
in all participating centers—for example, the center of the senior
author relies heavily on DSA follow-up and only switches to MR
or CT angiography after completion of the regular DSA routine
after 24 months for further non-invasive imaging. Accordingly,
only symptomatic patients were diagnosed at that center. Thus,
the incidence of NICE lesions after FD treatment may be even
higher than the reported 1%. Our data suggest that NICE lesions
may occur more often after FD treatment than after other proce-
dures, taking the bias of a retrospective study into account.

Not only did we observe a surprisingly high overall incidence
of NICE lesions after FD treatment, but the majority of affected
patients were also treated with one of two particular device
lines—namely, the Pipeline devices and the Derivo devices—with
statistically significantly higher incidences of 3.7% and 3.3%,
respectively. On the other hand, the product line by phenox was
associated with statistically lower incidences of 0% (0.2% taking
the single case from a center that could not provide detailed infor-
mation on case numbers into account). We can rule out that the
device material itself is responsible for these differences, as both
Acandis and phenox produce their FDs from a nickel-titanium
alloy. In contrast, the Pipeline from Medtronic consists of cobalt-
chromium. However, we can only speculate on the reason for
this particular finding and provide the following hypotheses. (1)
Our findings may be a mere coincidence; however, in that case
the difference of such a magnitude would be highly unusual.
(2) The increased incidence may be caused by the mechanical
properties of the respective stent. Since the devices are all made
from different materials and fabricated with differing numbers
of wires and braid angles, they exhibit varying mechanical prop-
erties such as radial force or push force. As a result, stent deploy-
ment differs. Some devices may cause more friction inside the
catheter or require more catheter push or resheathing. This may
increase the stress on the inner and outer layer of the microcath-
eter itself, or the inner layer of the guide or distal access catheter,
potentially leading to more emboli occurrence in the hydro-
philic polymers. Unfortunately, these data from bench testing,
although certainly available, are not made public by the device
manufacturers and are usually not published comparatively in
scientific journals. Indeed, Chopra et al describe that hydro-
philic polymers detach from interventional devices through two
mechanisms; mechanical abrasion and time-dependent chemical
degradation. Mechanical abrasion occurs when the device inter-
acts with vasculature or other accessing/treating devices, causing
strain on chemical bonds within the polymer structure. When a
bond-energy threshold is reached, the bonds break, leading to
coating separation from the device. Time-dependent chemical
degradation weakens bonds in the polymer structure on contact
with saline or pulsatile blood over extended periods. Avulsions
occur within 60 min, with shedding seen in as little as 15 min. In
both mechanisms the chemical bonds break, resulting in coating
separation from the device.”® (3) Vendor-specific microcatheters,
guide or distal access catheters may cause the increased inci-
dence. FDs are often sold together with the specified microcath-
eter from the same retailer or, if not, then their use with specific
catheters is recommended. When looking at individual patient
data (table 2), the range of microcatheters, guide, or distal access
catheters was rather limited. Thus, NICE lesions may originate
solely from these devices and are not related to the FD per se.
However, one should note that catheters are often produced
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by contract manufacturers that supply multiple customers.
Also, the number of companies supplying the world market
with polymers is very limited. (4) The more likely hypothesis is
that the increased incidence is a combination of the aforemen-
tioned three factors. Our data are concerning and we believe
that further research including comparative particle generation
testing” with transparent publication of the results should be
the next logical step. Specific technical details and bench testing
results must be disclosed to the neurointerventional community
in scientific journals.

Recently, surface modifications for neurovascular devices
became available, most aiming to reduce the inherent throm-
bogenicity of the implant.”® Most of these coatings are based
on polymers: Medtronic uses the phosphorylcholine polymer,
a component of the red blood cell membrane, to cover the
surface of their FDs.”” %® The glycan-based hydrophilic polymer
coating by phenox was designed to imitate the glycocalyx.? *°
The biopassive poly-2-methoxyethyl acrylate (PMEA) polymer
was licensed by Microvention for their devices, referred to as
X-Coating.®! Acandis acquired a fibrin-based nanocoating,
which is expected to make the device inert to the coagulation
cascade.”® With this study, we show that even if polymers are
used for these coatings, the incidence of NICE lesions is not
increased. One should note, however, that the coated devices
used by Microvention and Acandis are comparatively underrep-
resented in our study.

The clinical manifestation of NICE lesions has a broad spec-
trum, ranging from incidental findings to seizures or focal
neurological deficits. There are currently no recommendations
for treating asymptomatic radiological findings to prevent
impending clinical complications. Most symptomatic patients,
both in more recent literature and in our series, were treated
with corticosteroids.” '° Empiric antibiotic therapy was also
administered in the past.® Estébanez et al described additional
treatment with azathioprine'' and Bayas et al reported on their
experience with mycophenolate mofetil and tocilizumab.* It
should be pointed out that NICE lesions are a chronic issue and
often long-term immunosuppression may be needed. Patients
can develop new symptoms even years after onset when cortico-
steroid dosages are slowly tapered down.®

Study limitations

Our study has several limitations, with its retrospective design
being the foremost concern. Additionally, there is a reduced
external validity due to reliance on self-reported clinical and
procedural data, and a lack of an independent clinical event
committee adjudicating the severity and relevance of symptoms.
Moreover, only eight of 23 centers responded to our query and
contributed cases with NICE lesions, so a selection bias, which
is shared with almost all retrospective multicenter series, may
thus exist. Other limitations include non-standardized follow-up
protocols and treatment regimens. It is imperative that these
limitations be taken into consideration and rectified in a large
prospective study involving a consecutive patient cohort under
controlled conditions investigating this subject.

CONCLUSION

In the largest study on NICE lesions after flow diversion to date,
we prove that antithrombogenic coatings are not associated with
an increased lesion incidence. However, we observed an inci-
dence rate of 1%, which is higher than that of most previous
studies, which include all kinds of endovascular treatment.
We have furthermore found an accumulating number of cases
with FDs from two specific product families. It is unclear if this

phenomenon originates from the device itself, from associated
catheter materials or combinations of both, but our data are
concerning and should prompt further research.
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