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ABSTRACT

BACKGROUND AND PURPOSE: Delayed leukoencephalopathy is a rare complication that occurs after endovascular coiling of cere-
bral aneurysms. We aimed to describe a clinical picture of delayed leukoencephalopathy and explore potential associations with
procedural characteristics.

MATERIALS AND METHODS: We considered endovascular coiling procedures for cerebral aneurysms performed between January
2006 and December 2017 in our institution with follow-up MRIs. We used logistic regression models to estimate the ORs of
delayed leukoencephalopathy for each procedural characteristic.

RESULTS: We reviewed 1754 endovascular coiling procedures of 1594 aneurysms. Sixteen of 1722 (0.9%) procedures demonstrated
delayed leukoencephalopathy on follow-up FLAIR MR imaging examinations after a median period of 71.5days (interquartile range,
30-101days) in the form of high-signal changes in the white matter at locations remote from the coil mass. Seven patients had
headaches or hemiparesis, and 9 patients were asymptomatic. All imaging-associated changes improved subsequently. We found
indications suggesting an association between delayed leukoencephalopathy and the number of microcatheters used per procedure
(P = .009), along with indications suggesting that these procedures required larger median volumes of contrast medium (225 versus
175mL, OR = 5.5, P = .008) as well as a longer median fluoroscopy duration (123.6 versus 99.3 minutes, OR = 3.0, P = .06). Our data
did not suggest that delayed leukoencephalopathy was associated with the number of coils (P = .57), microguidewires (P = .35),
and guiding systems (P = .57).

CONCLUSIONS: Delayed leukoencephalopathy after coiling of cerebral aneurysms may have multiple etiologies such as foreign

body emboli, contrast-induced encephalopathy, or hypersensitivity reaction to foreign bodies.

ABBREVIATION: DL = delayed leukoencephalopathy

Endovascular coiling is an effective procedure for preventing
rupture of cerebral aneurysms or treating ruptured aneur-
ysms.l’2 However, a small percentage of patients experience
complications,3 which include thromboembolic events (incidence
rate of 4.7%-12.5%) and aneurysm rupture (incidence rate of
2.0%-8.8%),” along with posterior reversible encephalopathy
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syndrome™®® and perianeurysmal edema, which may be indica-
tive of symptomatic inflammatory reactions.®® Recently,
delayed leukoencephalopathy (DL) has emerged as a new type
of complication under several names, including delayed leu-
koencephalopathy,” delayed enhancing lesions,'® and delayed
multiple white matter lesions.'" Its various suggested etiolo-
gies include granulation reaction caused by foreign body
emboli from the hydrophilic coating of procedural devi-

10,12-15 16,1 . 11
1o 617 and nickel

9,18

ces contrast-induced encephalopathy,
or bioactive polyglycolic/polylactic acid coil sensitivity.
Despite an increasing number of reported cases, the overall
clinical picture (natural history, incidence, onset time, symp-
toms, treatment, mortality, and morbidity) of DL remains
unclear.

We aimed to define the clinical features of DL and investigate
its possible associations with procedural characteristics in a retro-
spective study of cerebral aneurysms treated by endovascular

coiling.
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1754 endovascular coiling procedures

of 1594 aneurysms (ruptured: n=193,

unruptured: n=1401) in 1545 patients
from Jan 2006 to Dec 2017

number of devices were customized
during each procedure. Double-cathe-
ter, balloon-assisted, or stent-assisted
techniques were used to prevent coil

Exclusion (n=32)

1722 endovascular coiling

Age younger<20 (n=3)
Missing data of all procedure devices (n=14)
Missing data of follow-up MRI (n=15)

herniation into the parent artery in
cases of wide-neck aneurysms.

procedures

|
| l
1706 endovascular coiling 16 endovascular coiling
procedures without DL procedures of 16 aneurysms
| in 16 patients with DL

|

Missing data
Aneurysm size (n=1)

Missing data

Coils (n=10)

Guiding system (n=10)
Micro-guiding wire (n=1)
Aneurysm size (n=252)
Contrast volume (n=30)
Fluoroscopy time (n=30)

FIG 1. Flow diagram of procedure inclusion.

MATERIALS AND METHODS

Study Design and Participants

The internal review board of Jikei University Hospital approved
this study (approval number 29-228 [8844]). All data related to
the management of cerebral aneurysms were extracted from a
comprehensive observational data base after approval of an inter-
nal review board. Each patient provided comprehensive written
consent for the procedures and examinations. Specific informed
consent for this study was waived because the data were obtained
from routine examinations and treatments and analyzed retro-
spectively. At the request of the internal review board, we posted
a notice of the study and gave patients an opportunity to refuse
participation.

Patients with aneurysms (20 years of age or older) who under-
went endovascular coiling and a follow-up MR imaging examina-
tion after 3, 6, and 12 months at our institution, between January
2006 and December 2017, were considered. For each procedure,
patient age and sex, aneurysm location, largest diameter of the
aneurysm, fluoroscopy time, and the type and volume of iodin-
ated contrast medium, along with the type and number of devices
used in the procedure, were extracted. Devices were defined as
guiding systems (ie, guiding sheaths, guiding catheters, and me-
dian catheters), microcatheters (including balloon catheters),
microguidewires, and coils. We did not consider whether the
devices were used simultaneously. Furthermore, we did not con-
sider stents and flow diverters in our analysis. Patients with DL
were reviewed for their clinical history, which included MR imag-
ing findings, neurologic findings, treatment of DL, final clinical
outcome (minor morbidity, major morbidity, mortality), other
procedural complications, allergy tests, time of onset of DL, and
time of disappearance of DL.

Procedure

Endovascular coiling for all aneurysms was performed using digi-
tal subtraction angiography with a standard iodine contrast agent
following our clinical routine.'>* Patients received general anes-
thesia and systemic anticoagulation with heparin. The type and
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MR Imaging
Follow-up MR imaging examinations
were performed using a 1.5T or 3T
MR imaging system, routinely includ-
ing DWI, FLAIR, TIWI, T2WI, and
TOF-MRA to identify possible recan-
alization of the treated aneurysm or
postprocedural complications. Contrast-
enhanced MR imaging was added
at 12 months after the procedure
at the discretion of the attending
physician.
We considered the following MR
imaging outcomes associated with DL:

1. Broad high-signal changes on FLAIR images in the white
matter at regions remotely located from the coil mass and
observed at =2 weeks after the procedure, while the DWI
findings remained normal. (These findings were not present
immediately after the procedure.)

2. Decreases in size or the disappearance of high-signal changes
on FLAIR images within a few months.

Statistical Analyses

Descriptive statistics were used to summarize the results.
Distribution of each variable was assessed using normal quan-
tile plots. DL proportions were calculated for each patient and
procedural characteristic. We assessed the association of DL
with the number of guiding systems, microguidewires, and
microcatheters by classifying the procedures into 2 groups, using
1 device or >1 device. The number of bioactive polyglycolic/pol-
ylactic acid coils per procedure was classified as no such coil used
and =1 such coil used. The association of DL with the variables
of age, largest aneurysm diameter, contrast volume, fluoroscopy
time, and number of coils was assessed by classifying them into 2
groups of smaller than or equal to or larger than the median of
the variable. ORs for the occurrence of DL were estimated by
logistic regression. The evidence of an association was assessed
using the Fisher exact test. Commercial software was used for the
analyses (STATA, Release 15; StataCorp, College Station, Texas).

RESULTS

Patient Demographics

Our institution performed 1754 endovascular coiling procedures
for 1594 cerebral aneurysms (193 ruptured, 1401 unruptured)
between January 2006 and December 2017. The flow diagram
regarding the selection of the procedures is presented in Fig 1.
Three patients (younger than 20 years of age), 14 procedures that
did not have any data regarding procedure devices, and 15 proce-
dures that did not include follow-up MR imaging examination
were excluded. There were 1722 procedures in the final analysis.



Table 1: Patients with delayed leukoencephalopathy—aneurysm location, size, detection to disappearance intervals, postprocedural

symptoms, treatment, and allergy test

Largest Interval between  Interval between
Diameter of  Intervention and Intervention and
Location of Aneurysm Detection of DL Disappearance of
No. Aneurysm (mm) (days) DL (days) Symptom Treatment Allergy Test
1 IC-SHA NA 30 48 Weakness, Free radical NA
aphasia scavenger
2 IC-SHA 8.4 28 - Weakness Steroid pulse, Pt, Zn, Mn
antihistamine
3 IC-SHA 38 88 188 None Observation NA
4 MCA 5.7 30 521 Weakness Steroid pulse All negative
5 IC-PcomA 5.1 93 360 Headache Observation All negative
6 IC-PcomA 51 28 224 None Observation Ir
7 ACA distal 5.6 103 269 None Observation NA
8 IC-ophthalmic 5.0 1o 200 None Observation Zn, Sn, Cr
9 IC-ophthalmic 3.8 89 230 None Observation Zn
10 IC-PcomA 5.9 135 366 None Observation NA
1 IC-cavernous 17.0 55 - Weakness Steroid pulse All negative
12 AcomA 79 30 229 Weakness, visual  Steroid pulse NA
field loss
13 AcomA 5.0 105 - None Observation NA
14 IC-PcomA 9.4 48 360 None Observation NA
15 IC-SHA 5.8 16 87 Weakness, Steroid agent, NA
clumsy hand antihistamine
16 IC-SHA 14.2 99 204 None Observation NA

Note:—NA indicates not available; IC, internal carotid; SHA, superior hypophysial artery; PcomA, posterior communicating artery; ACA, anterior cerebral artery; AcomA,
anterior communicating artery; Pt, platinum; Zn, zinc; Mn, manganese; Ir, iridium; Sn, tin; Cr, chromium; —, imaging changes still slightly remaining at the end of the study.

The DL incidence was 0.9% (1706 procedures without DL and
16 with DL) during the study duration. Among the 16 aneurysms
in the 16 procedures (16 patients) with DL, there were 1 ruptured
and 15 unruptured aneurysms. Adjunctive to the endovascular
coiling procedure, 1 aneurysm was treated using the stent-
assisted technique; 1 with the balloon-assisted technique; and 14
with the double-catheter technique. DL patient demographics are
presented in Table 1, and the associated details are listed in On-
line Table 1.

Clinical Course

Fourteen patients with DL underwent endovascular treatment
without intraprocedural complications and were neurologically
intact without demonstrating abnormal MR imaging outcomes
on the first day postsurgery. Among the 2 other patients with DL,
one with an ICA-ophthalmic artery aneurysm demonstrated a
worsening of visual acuity and evidence of central retinal artery
occlusion. The patient was discharged 5 days after the procedure
with mRS 1 (quarter blindness). The other presented with intra-
operative aneurysm rupture; however, the coiling procedure
could be completed after the rupture. The patient presented with
a headache on the next day, and MR imaging revealed a minor
subarachnoid hemorrhage. The patient was discharged after
8 days postsurgery without neurologic deficits.

DL symptoms or abnormal MR imaging findings were identi-
fied after a median period of 71.5days (interquartile range, 30—
101 days). Among the 16 patients with DL, there were 7 sympto-
matic and 9 asymptomatic patients. Among the symptomatic
patients, 7 developed neurologic symptoms, 1 demonstrated con-
tinuous headache after discharge, and 6 developed motor weak-
ness (1 with aphasia, 1 with visual field loss). These patients
recovered from their symptoms after being treated with either

steroid therapy or free radical scavenger. The 9 asymptomatic
patients recovered without medical intervention. There were no
minor or major continuous morbidity or mortality. Among the
16 patients with DL, 7 underwent a skin patch test for metal
hypersensitivity and 3 tested negative, while 4 tested positive
(Table 1).

MR Imaging Findings

Follow-up of 4 of the 16 patients with DL included contrast-
enhanced MR imaging. On the basis of abnormal MR imaging
findings, all 16 patients were diagnosed with DL.

A follow-up MR imaging examination for each patient was
continued until there was an improvement in the abnormal find-
ings. High-signal changes on FLAIR images for 13 patients disap-
peared after a median period of 229 days (interquartile range, 200
360 days) after undergoing endovascular coiling. Minor levels of
high-signal changes persisted in the remaining 3 patients; however,
there was a noticeable decrease in the size of the high-signal region.

An illustrative case of a patient with DL whose follow-up
included contrast-enhanced MR imaging is presented in Fig 2.
DWTI outcomes revealed no abnormal changes, but there were
extensive high-signal changes on FLAIR images in a region that
was primarily perfused by the vessel that underwent the endovas-
cular procedure. Additionally, SWI outcomes demonstrated dot-
shaped low signals in the regions with high-signal changes.

Procedural Characteristics

Procedural characteristics are summarized in Table 2 according
to DL occurrence; and the associated DL odds ratios for each pro-
cedural characteristic, in Table 3. Details regarding the devices
used during the procedures of patients with DL are listed in
On-line Table 1, as well as the total number of devices by
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FIG 2. An illustrative case with left ICA aneurysm post-endovascular coiling (patient 11). The aneurysm size is >17 mm in maximum diameter (A),
and endovascular coiling was successfully performed using the double-microcatheter technique (B). After 55days, right weakness developed
and broad high-signal change in the left parieto-occipital region is detected on a FLAIR image (C). In the same region, there is a scattered con-
trast effect (D) and low spotty regions in the SWI (E). The patient was hospitalized and treated with steroid pulse therapy, and the symptoms

and image abnormality subsequently improved.

Table 2: Patient and procedure characteristics (per procedure) with and without DL®

Characteristics Without DL

With DL All Patients

Female sex 71.3% (1217/1706) 81.3% (13/16) 71.4% (1230/1722)

Male sex 28. M (489/1706) 18.8% (3/16) 28.6% (492/1722)

Age (y) 59 (50-67) 59 5 (51-66.5) 59 (50-67)

Largest diameter of aneurysm (mm) 9 (4.7-8.0) 7 (5.0-8.4) 5.9 (4.8-8.0)

Fluoroscopy time (min) 99 3 (72.6-131.0) 123 6 (104.8-165.2) 99.5 (72.8-1311)

Contrast volume (mL) 175 (150-220) 225 (195-240) 180 (150-220)

No. of coils 8 (6-13) (min -max 60) 10.5 (6-17) (min 2—max 36) 8 (6-13) (min T-max 60)

No. of bioactive polyglycolic/polylactic 1(0-3) (min 0O—max 38) 0 (0-1) (min 0-max 9) 1(0-3) (min 0—max 38)
acid coils

No. of microcatheters (including balloon 2 (1-2) (min 1-max 10) 2 (2-2) (min 2—-max 4) 2 (1-2) (min 1-max 10)
catheters)

No. of microguidewires
No. of guiding systems

2 (2-2) (min T-max 7)
1(1-1.5) (min 1-max 3)

2 (2-2) (min T-max 7)
1 (1-1) (min 1-max 3)

2 (1.5-2.5) (min 1-max 3)
1(1-1) (min T-max 2)

Note:—min indicates minimum; max, maximum.

* Categoric variables are expressed in percentage and continuous variables in median and interquartile range.

manufacturer used in our hospital (On-line Table 2, guiding sys-
tems; On-line Table 3, microcatheters; On-line Table 4, microgui-
dewires; and On-line Table 5, coils) for the procedures with and
without DL. We used a Shuttle sheath (Cook, Bloomington,
Indiana) in 2 of the 16 patients with DL, bioactive polyglycolic/
polylactic acid coils in 6, and 2 microcatheters simultaneously via
1 guiding system in all patients with DL. Use of >180 mL of con-
trast medium was associated with higher DL odds (OR = 5.5;
95% CI, 1.6-19.5; P = .008) and use of >1 microcatheter
(P = .009, Fisher exact test). Our results also suggested that me-
dian fluoroscopy time longer than 99.5 minutes was associated
with higher DL odds (OR = 3.0; 95% CI, 1.0-9.5; P = .06). We
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could not confirm an association of the use of bioactive polygly-
colic/polylactic acid coils and higher odds of DL (OR = 0.4; 95%
CL 0.1-1.1; P = .08).

DISCUSSION
One of the strengths of our study is the large number of endovas-
cular coiling procedures and patients with DL. We found that
0.9% of endovascular coiling procedures resulted in patients with
DL and that their clinical course was typically benign.

The exact mechanism of DL remains uncertain; however, dif-
ferent hypotheses have been proposed. Some case reports



Table 3: Odds ratio of complications for each patient and procedure characteristic (per procedure) with and without DL®

Characteristics Without DL With DL OR (95% Cl) P Value

Female sex 71.3% (1217/1706) 81.3% (13/16) Reference
Male sex 28.7% (489/1706) 18.8% (3/16) 0.6 (0.2-2.0) 39
Age (yr)

59 or younger 50.6% (863/1706) 50.0% (8/16) Reference

Older than 59 49.4% (843/1706) 50.0% (8/16) 1.0 (0.4-27) 96
Largest diameter of aneurysm

=5.9 mm 49.0% (713/1455) 53.3% (8/15) Reference

>59 mm 51.0% (742/1455) 46.7% (7/15) 0.8 (0.3-2.3) 74
Fluoroscopy time

=99.5 min 50.3% (843/1676) 25.0% (4/16) Reference

>99.5 min 49.7% (833/1676) 75.0% (12/16) 3.0 (1.0-9.5) 06
Contrast volume

=180 mL 56.2% (941/1676) 18.8% (3/16) Reference

>180 mL 43.9% (735/1676) 81.3% (13/16) 5.5 (1.6-19.5) 008
No. of coils

=8 51.0% (865/1696) 43.8% (7/16) Reference

>8 49.0% (831/1696) 56.3% (9/16) 13 (0.5-3.6) 57
No. of bioactive polyglycolic/polylactic

acid coils

0 39.9% (676/1696) 62.5% (10/16) Reference

=1 60.1% (1020/1696) 37.5% (6/16) 0.4 (0.1-11) 08
No. of microcatheters (including balloon

catheters)

1 27.0% (461/1706) 0% (0/16) .009 (Fisher

>1 73.0% (1245/1706) 100% (16/16) exact test)
No. of microguidewires

1 16.2% (276/1705) 25.0% (4/16) Reference

>1 83.8% (1429/1705) 75.0% (12/16) 0.6 (0.2-1.8) 35
No. of guiding systems

1 75.0% (1272/1696) 813% (13/16) Reference

>1 25.0% (424/1696) 18.8% (3/16) 07 (0.2-2.4) 57

* Categoric variables are expressed in percentage and continuous variables in median and interquartile range.

indicated that DL may be a granulation reaction etiologically
associated with foreign body emboli from the hydrophilic coating
of the devices.'”'>'* Polymer coating embolism from intravascu-
lar devices has also been increasingly reported with regard to car-
diovascular’' and endovascular therapy.”>**

In a previous study analyzing a series of 3 cases with delayed
enhancing lesions—each treated with the double microcatheter

technique—Oh et al'

performed a benchtop evaluation of the
inner lumen of microcatheters. They found material wearing off
the catheter shafts after multiple in-and-out coil maneuvers and
proposed that DL may be caused by the fragmentation of the
inner wall of microcatheters and consecutive emboli. Shapiro et
al'? reported 5 patients who underwent coil-supported Pipeline
Embolization Device (Covidien, Irvine, California) embolization
or stent-supported endovascular coiling and presented with for-
eign body emboli after the procedure. Multiple catheters were
used to treat most of the patients evaluated in our study because
all endovascular coiling procedures involved stent or flow-di-
verter deliveries and all patients with DL were treated with multi-
ple microcatheters. Therefore, our results also suggest that the
hydrophilic coating of catheters may peel off and act as an em-
bolic source due to the friction between the tight-fitting multiple
catheters. The peeling off of the device coating may be associated
with the complexity of these procedures, which may be reflected
by a tendency of longer fluoroscopy duration in the procedures
for patients with DL. In vitro experiments with multiple catheter

types and frequent replacement and repositioning are required
for further investigation. We routinely used guiding systems with
a fairly large inner lumen (up to 8F), but choosing even larger
catheters may further lower the friction between devices.

The neurotoxicity of iodinated contrast medium, along with
the disruption of the blood-brain barrier and leakage into the
brain tissue, has previously been reported to be associated with
contrast encephalopathy.'®'”** Contrast-induced encephalop-
athy typically follows coronary angiography and intracranial
endovascular treatment and is characterized on plain CT as leak-
age of contrast medium.”>*” Transient cortical blindness is a
commonly reported complication due to contrast-induced ence-
phalopathy and is considered to be associated with high doses of
contrast agents.”**® Our study estimated that the odds for experi-
encing DL were higher for larger volumes of contrast agent
(>180mL). The patients in our study did not undergo CT exami-
nations; however, 1 patient with DL had high-signal changes on
FLAIR images in the hemisphere opposite the treated vessel, and
it is possible that the contrast medium may have been translo-
cated to this location. These results support a hypothesis that
using a higher dose of contrast medium than the patient can
metabolize may be associated with DL."”

Nickel allergy or hypersensitivity to polyglycolic/polylactic

acid coils is reported to potentially cause DL.>*

In our study,
only 7 patients with DL received patch tests for metal hypersensi-

tivity, and none of these 7 patients had metal allergies associated
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with nickel. We used polyglycolic/polylactic acid coils for only 6
of the 16 patients with DL. However, a hypersensitivity reaction
to any foreign body used during the invasive procedures contin-
ues to be a possible etiology of DL.

It is our understanding that DL may be caused by various fac-
tors: foreign body emboli-associated granulation reaction, con-
trast-induced encephalopathy, or a hypersensitivity reaction to
foreign bodies leading to identical image findings. We also cannot
exclude interactions and associations between factors such as con-
trast-induced permeability and the retention of shaved-off catheter
coating and the subsequent development of foreign body emboli.

Our study has several limitations. It was a single-center retro-
spective investigation using data collected from clinical routine
procedures. The procedures included stents or flow diverters but
not Woven EndoBridge devices (WEB; Sequent Medical, Aliso
Viejo, California). There were only a few cases of DL despite the
cases being relatively numerous compared with previous studies.
None of our patients with DL had posterior circulation aneur-
ysms, which may be related to sample size bias because DL has
also been previously reported in such patients."" The number of
cases of DL was too few to apply a multivariate logistic regression,
and we could not investigate confounding of the procedural char-
acteristics. Pathology tests were not performed. Only a few
patients with DL underwent contrast-enhanced MR imaging, and
none underwent CT. Our analysis could not distinguish between
the simultaneous and consecutive use of microcatheters. We could
not investigate associations of specific devices with DL because
different types of guiding systems, microcatheters, microguide-
wires, and coils and their combinations were customized during
each procedure, which resulted in unique combinations in almost
every procedure.

CONCLUSIONS

DL is a rare complication following endovascular coiling of cere-
bral aneurysms. We believe that it may be associated with several
etiologies, including foreign body emboli related to complicated
procedures or contrast-induced encephalopathy or hypersensitiv-
ity reaction to foreign bodies. Although the clinical course of DL
is mostly benign, clinicians need to be aware of the potential
causes of DL.
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